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ABSTRACT: The paper describes the use of in-place testing instead of 
standard cylinder testing. Removal of forms and shores, and determi- 
nation of concrete strength compliance with specifications were all con- 
trolled by pullout tests. 

The criteria were written into the contract specification, and the rele- 
vant sections are quoted as a model for future use. Based on correlation 
data with standard cylinder tests, the building officials allowed the 
elimination of the usual mandatory standard cylinder tests. Standard 
tests were made however to provide comparison with the in-place tests. 
The paper shows that the in-place test provided an adequate measure of 
the quality and strength of the concrete. 
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The  bui lding,  Trini ty  Square,  is the  new head  office for Bell Can- 
ada  in Toronto ,  Canada .  The  s t ructura l  f rame was completed late 
in 1981 and  used 53 000 m 3 of concrete.  In bui ld ing  the  reinforced 
concrete  f r ame  for th is  bui ld ing ,  a n u m b e r  of innovat ive ap- 
proaches  to concrete  technology were used to accelerate construc- 
t ion and  optimize savings [1]. These  were 

(1) the  use of a 91-day cri terion for specified s t rength  in the  verti- 
cal e lements  of the  f rame;  

(2) extensive use of in-place tes t ing of hor izontal  e lements  to (a) 
pe rmi t  early removal  of forms, (b) determine earliest acceptable  
t e rmina t ion  of reshoring,  and  (c) conf i rm in-place s t rength  at  28 
days or later; and  

(3) the  e l iminat ion  of the  normal  s ta tutory r equ i rement  for  stan- 
da rd  concrete test  cylinders for concrete t ha t  was tested by in-place 
test  methods .  

The  ma in  purpose  of the  paper  is to show t h a t  in-place tes t ing can 
be used alone to de te rmine  the  s t rength  of concrete in a s tructure.  

Specification 

Requirements for concrete were based on Nat ional  S t anda rd  of 
C a n a d a  Concrete Mater ia ls  and  Methods  of Concrete  Const ruct ion 
(CAN 3-A23.1-M77).  Qual i ty  requi rements  are similar to those 
specified in Amer ican  Concrete  Ins t i tu te  S t anda rd  (ACI) Building 
Code Requ i rement  for Reinforced Concrete (ACI 318). 

To enable  early s t r ipping of forms at  whatever  age produced  opti- 
m u m  progress,  a l ternat ive mixes for slabs were specified to meet  a 
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s t rength  r equ i rement  of 75% of the  specified compressive s t rength  
of concrete f c  1 at  one, two, and  three  days, as well as meet ing  f~  
requ i rements  at  28 days. 

For  in-place test ing,  the  relevant  specification clauses (ACI 318) 
were as follows. 

Issue reports of in-place testing to Structural Engineer, Resident Engi- 
neer and Construction Manager immediately after tests are made and 
checked. Keep file on site. 

"(b) Concrete Tested with Pullouts 

Until correlation between 28-day pullout tests and concrete cylinder tests 
is satisfactory to the Engineer, make 2 cylinders per 100 cubic meters or 
less of each pour for testing at 28 days. 

2. Where In-Place Testing is Required 

Install at least 1S pullout inserts per 100 M 3 pour of concrete. For pours 
in excess of 100 M 3 provide at least an additional 1 insert per 20 M 3. 
Install 2 additional pullout inserts per pour for testing at 28 days. 

In the substructure install inserts on the top of slabs at random locations 
agreed by the Engineer. In the superstructure, direct the installation of 
inserts in the soffit of slabs at random locations agreed by the Engineer. 

Test inserts just prior to the time it is proposed to remove forms. Gener- 
ally, at least 10 tests will be made. If the first five results indicate the 
concrete is below form removal strength, discontinue testing and resche- 
dule. If a set of 10 tests indicates results marginally below the required 
values, recommend further tests then or additional curing time. 

After checking, report the rest results on the approved form as provided 
in the Terms of Reference. 

Where necessary to check exposed areas, make additional tests either 
using additional inserts or maturity meters. 

Test two inserts at 28 days. 

During cold weather concreting make temperature checks within the 
heated or insulated areas and record. 

These  are innovative clauses for a cont rac t  specification. They 
worked well in pract ice a n d  are r e commended  as a model  for guid- 
ance. 

Correlation 

In order  to correlate pul lout  force with the compressive s t rength  
of s t anda rd  cylinders,  a total  of thir ty  150-mm-diameter  300-mm- 
long cylinders were cast f rom two loads of 30-MPa concrete.  A pull- 
out  inser t  was fixed central ly  and  axially in the  bo t tom of each  cylin- 
der  mold  before casting.  At  intervals,  pairs  of cylinders were tested 
to de te rmine  pul lout  force, and  the  cylinders were t hen  capped and  
tes ted  in compress ion  [2]. The  range  of cyl inder  compress ive  
s t rength  was 5 to  35 MPa .  Regression analysis of the  da ta  gave the  
following results: 
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slope = 1.325, 
intercept = 5.326, and 
correlation coefficient = 0.98. 

Therefore, the relationship used to convert pullout force to equiv- 
alent standard cylinder compressive strength was 

in-place compressive strength (MPa) = 1.325 
× pullout force (kN) -- 5.325 

Statutory Requirement for Cylinder Tests 

Building regulations require that concrete shall be sampled and 
tested in accordance with(CAN 3-A23.1-M77 quality requirements 
similar to those specified in AC1 318), and the specification for the 
project required this. However, on one previous project with the 
same structural engineer where in-place testing and an accelerated 
construction program had been used (Continental Bank), cylinder 
testing had, with the agreement of the Toronto City Building De- 
partment, been much reduced in the latter stages of the project. 
This was because all parties involved felt that the 28-day cylinders 
were meaningless for elements of the structure that had been given 
extensive in-place testing, and in which mixes having higher poten- 
tial strength than that specified for structural reasons were being 
used in order to achieve acceleration. 

On the Trinity Square project, in-place testing was used in the 
latter stages of the substructure in order to catch up with time lost 
through inclement weather. However, a full program of in-place 
testing was not applied until the superstructure was started. Discus- 
sions were held with the Toronto City Building Department well in 
advance of concreting. The Building Department had signified that 
they would be receptive to the elimination of concrete cylinders 
where elements were tested in-place, subject to receiving satisfac- 
tory correlation data. 

At the start of the superstructure, therefore, a program of corre- 
lation tests was made to produce data showing the relationship be- 
tween the compressive strength and the pullout strength of standard 
concrete cylinders. This was submitted to the Building Depart- 
ment, and approval was received early in the construction of the 
superstructure to eliminate concrete cylinders for slabs where in- 
place testing was being done. 

Because of the size of the project, a resident technician from the 
testing company was available on site. Initial discussions with the 
ready mix supplier indicated that he was extremely negative to- 
wards the possibility of accepting tests other than standard cylinder 
tests on his concrete. 

Because of the presence of a resident technician, it was therefore 
decided that standard cylinders would be cast at the minimum rates 
specified in the contract documents, so that these would be avail- 
able in case the in-place tests indicated the possibility of low- 
strength concrete. If such an event occurred, standard cylinders 
would be available, and there would therefore be no potential legal 
problem should the contractor find it necessary to discuss with the 
supplier the possibility of concrete below the specified quality. As 
shown by the test data, none of the in-place test results indicated 
unsatisfactory strength, and the specified strength was met consis- 
tently by a wide margin. 

However, in the interests of obtaining information for this paper 
and because having cast the cylinders, it was simple to cap and test 
them, the author carried out normal testing of these cylinders, but 
they were not reported to the client. As will be seen, the cylinder 
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tests confirmed that the concrete supplied was adequately repre- 
sented by the in-place tests, and, in fact, no problem arose because 
of eliminating the testing of standard cylinders. 

Test Procedures 

Sampling, casting, curing, and testing of standard cylinders were 
performed in accordance with CAN 3-A23.1-M77 (equivalents 
ASTM Standard for Making and Curing Concrete Test Specimens 
in the Field [C 31] and Test for Compressive Strength of Cylindrical 
Concrete [C 39]). Pullout tests were made in accordance with 
ASTM Test for Pullout Strength of Hardened Concrete (C 900- 
78T). The pullout inserts used were 25 mm in diameter and were 
placed 25 mm from the concrete surface. 

Test Data 

The data were comprised of about 2500 standard cylinder tests 
and 2300 pullout tests. 

Analysis o f  Data 

tn the absence of any recognized standard procedures, pullout 
test data have been analysed as follows. 

1. Each set of test results consists of a number of pullout tests. 
For form removal the number is usually about ten, and for 28-day 
testing, two. The tables show these numbers. 

2. Each pullout test result is converted to an equivalent standard 
cylinder's strength using the correlation data described above. The 
mean 2 and standard deviation o are calculated for each set of pull- 
out tests. 

3. Minimum in-place strength is calculated as follows: 

minimum strength = ~ -- k a 

where k is a constant that varies depending on the number of pull- 
out tests comprising a test result. Table 1 is used with the specific 
pullout system for the tests described in this paper [3]. 

Tests for form removal are made at the time at which it is esti- 
mated the maturity and strength of the concrete will meet form 
removal criteria. The age at which this occurs varies, and form re- 
moval test data given in the tables reflect this. 

Substructure 

A summary of standard cylinder test results analyzed in accor- 
dance with ACI 214 and pullout test results is given in Table 2. All 
cylinder tests met specification requirements. 

TABLE 1--Variation of k depending on the number of puUout tests 
comprising a test result n. 

n 3 4 5 6 7 8 9 10 11 12 13 14 
k 2.50 2.13 1.96 1.86 1.79 1.74 1.70 1.67 1.65 1.62 1.61 1.59 
n 15 16 17 18 19 20 25 30 35 40 45 50 
k 1.58 1.57 1.55 1.54 1.54 1.53 1.50 1.47 1.46 1.44 1.43 1.43 
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TABLE 2--Substructure test data. 

Standard Concrete Cylinder Tests Results 

Specified Strength 7 Day 28 Day 91 Day 

25 MPa at 91 days, n 36 32 34 
~, MPa 22.8 28.2 32.0 
a, MPa 2.7 3.5 4.0 

30 MPa at 28 days, n not 218 . . .  
2, MPa calculated 37.8 . . .  
a, MPa . . .  4.2 . . .  

40 MPa at 91 days, n 85 80 81 
~, MPa 38.5 47,1 55.1 
a, MPa 3.6 5.2 5.1 

P U L L O U T  T E S T  R E S U L T S  a 

30 MPa at 28 days age at time of test between 3 and 9 days 
number of sets of test results = 61 
number of pullout tests in a set of test results 

= 4 to i2, average = 8 
mean strength (all results) = 25.3 MPa 
range of standard deviation for each set of pullout 

tests -- 1.2 to 6.9 MPa 
mean standard deviation for all sets of pullout 

tests = 3.6 MPa 

aNote: All pullout test results are for inserts placed in the top surface of 
the concrete slabs. Compressive strength values obtained from correlation 
c u l w e  • 

TABLE 3--Superstructure test data. 

Standard Concrete Cylinder Tests Results 

Specified Strength 7 Day u 28 Day 91 Day 

30 MPa at 28 days b, n 17 29 . . .  
~, MPa 30.4 37.3 . . .  
a, MPa 2.1 2.9 . . .  

30 MPa at 28 days c, n 132 132 . . .  
$, MPa 32.6 39.5 . . .  
o, MPa 3.5 4.2 . . .  

40 MPa at 28 days, n 67 70 . . .  
~, MPa 40.2 48.1 . . .  
o, MPa 4.0 4.5 . . .  

30 MPa at 91 days, n 15 
~, MPa 31.1 37.0 42.4 
o, MPa 3.2 3.9 4.2 

35 MPa at 91 days, n 62 62 63 
~, MPa 31.4 37.9 43.6 
o, MPa 2.6 3.0 3.6 

40 MPa at 9t days, n 44 45 45 
~, MPa 35.2 42.6 49.8 
a, MPa 3.2 4.2 4.5 

"Seven-day test results are for one cylinder and 28- and 91-day test 
results are for sets of two cylinders. 

bTests on concrete in slabs before waiving of statutory requirements for 
cylinder testing. 

CTests after cylinder testing requirement waived. 

Supers tructure  

A summary  of s t anda rd  cylinder test  results  are given in Table  3, 
and  pullout  test results are given in Table  4. Unti l  typical floors were 
reached  at  Level 4, pul lout  inserts  were placed in the top of slabs. 
F r o m  Level 4 onwards ,  the  reusable  forms were modified to allow 
the  placing of pul lout  inserts  in the  bo t tom of slabs. The  results of 
tests made  at later  ages to conf i rm s t rength  at  or about  28 days are 
also shown in Table  4. All cylinder test  results  met  specification 
requi rements .  

There  were 84 occasions on which in-place tests were made  at 28 
days and  for which 28-day s t anda rd  cylinder test  results  were also 
available. For  bo th  types of tests a result  comprised two individual  
tests. This  da ta  are given in Table  5. 

Discussion 

While  there  is no th ing  new or  special abou t  the  cylinder test  data ,  
these provide a reference point  by which the  in-place da ta  can be 
judged.  In assessing the  da ta ,  a n u m b e r  of factors should be kept  in 
mind .  

Some of the 30-MPa at 28-days supers t ruc ture  concrete was of 
h igher  s t rength  to allow form str ipping at early ages. Because most  
of the  supers t ruc ture  was placed in mild weather ,  only a small  pro- 
por t ion of t ha t  concrete was of higher  s t rength.  

For  all in-place tests  the  s t rength  of the  concrete is a funct ion of 
the  cur ing history of the  concrete,  and  no  da ta  were kept  on tha t .  At 
28 days, concrete does not  necessarily have the same matur i ty  in 
place as a 28-day s t andard  cylinder,  nor  has  the  in-place concrete 
been kept  sa tura ted .  Such tests only show the  in-place s t rength  at  
t ha t  location at  the  t ime and  age of test. 

A n u m b e r  of clear t r ends  are evident,  however. In-place s t rength  
increased with age and  by a significant  percentage even though  no  

special curing was provided,  and  the  test  me thod  only tests the  outer  
25 m m  of the  slabs.  In only 6 cases ou t  of 127 were the  pul lout  
s t rength  a t  la ter  ages equal  to, or slightly less, t h a n  the  pul lout  
s t rength  at  the t ime of s tr ipping.  The fo rmer  were de te rmined  by 
two r a n d o m  tests and  the  lat ter  by abou t  ten r a n d o m  tests. 

In all six cases 28-day s t anda rd  cylinder s t rengths  were satisfacto- 
rily greater  t han  the  early in-place tests and  conf i rmed adequa te  
concrete s t rength  potent ial .  

The  variabil i ty of concrete  in a pour  judged  by the  in-place tests a t  
early ages was very similar  to t ha t  which we have found  on many  
other  sites, the  mean  s t anda rd  deviat ion being abou t  3.2 MPa .  

I t  will be  seen t h a t  the  s t anda rd  cylinders conf i rm the  u l t imate  
acceptabil i ty of the  concrete bu t  e l iminat ing t hem does not  make  
the  assessment  of the  quali ty of concrete difficult. Based on in-place 
tests a t  e i ther  early ages or la ter  ages, the  concrete is acceptable.  
The two together  also conf i rm satisfactory s t rength  gain with age. 

Since the  tests  a t  la ter  ages merely involved test ing two inserts  
placed as pa r t  of the  g roup  f rom which the  early tests are made ,  
providing later  age in-place tests was simple and  cheap.  

Provided,  therefore,  t ha t  there  is some control  of the  age and  
water  content  of the  concrete  at  the  t ime  it is delivered, the  in-place 
test ing p rogram used el iminates  the  need for cylinder tes t ing for the  
client and  his const ruct ion team.  Wi th  regard  to the  legal posit ion 
between the  supplier  and  the  buyer,  the  failed cylinder test  is seldom 
accepted by ei ther  party.  W h e n  there  is a low cylinder test  result ,  the 
par t ies  to a cont rac t  usually make  tests on the  concrete in-place. 

Wi th  regard  to the  use of a 91-day cri terion for specified s t rength  
for the columns and  o ther  vertical elements,  re la t ionships  between 
s t rength  at  7, 28, and  91 days for s t anda rd  cylinders were very con- 
s is tent  for  all mixes  (Fig. 1). Th i s  re inforces  the  concep t  t h a t  
s t rength  a t  la ter  ages can be  predicted from tests a t  early ages. It  is 
suggested, therefore,  t h a t  having establ ished these re la t ionships ,  
test ing for  91-day specifications could be  safely t e rmina t ed  with 28- 

 

Copyright by ASTM Int'l (all rights reserved); Thu Apr  2 09:07:59 EDT 2020
Downloaded/printed by
Claus Petersen (Germann Instruments AS) pursuant to License Agreement. No further reproductions authorized.



BICKLEY ON TRINITY SQUARE 31 

TABLE 4--Superstructure test data pullout test results, a 

Tests 

Inserts Placed In 

Top of Stab Bottom of Slab 

Form Removal 

Age at time of test, days 
Number of sets of test results n j 
Number of pullout inserts in a set of test results, MPa 

Mean strength of all sets of test results El, MPa 
Standard deviation of standard deviations of all sets of test results o I , MPa 

LATER AGES 

Age at time of test, days 

Number of sets of test results 
Number of pullout inserts in a set of test results 
Mean strength of all sets of test results, MPa 
Standard deviation of all sets of test results, MPa 
Lowest test results, MPa 

3 t o 7  
24 
6 to  14 

average 9 
26.2 
3.5 

9 to 87 but usually 28 or 
close to 28 

127 
2 

35.6 
4.1 

30.9 

2 t o 7  
177 
2 to 14 

average 9 
27.8 
2.4 

(174 results) 

"Compressive strength values obtained from correlation curve. 

ty cylinder tes t ing or earlier.  Wi th  the  increasing use of 56- and  
-day s t rength  requ i rements  for vertical elements,  part icular ly for 
gh-s t rength  concrete,  reliable predict ion of u l t imate  s t rength  at  
:rly ages is impor tan t .  Otherwise fai lure to meet  s t rength  require- 
ents  will not  be  discovered unti l  significant n u m b e r s  of floors have 
.'en bui l t  above the  defective floor. 
The da ta  in Table  5 show the  re la t ionship between 28-day in- 
ace pullout  tests  and  s t andard  cylinder tests  at  the  same age. I t  
ill be seen f rom the  data ,  t ha t  the  variabil i ty of the  s t rength  of the  
-place tests is of the  same order  as t ha t  of cylinder tests over the  
• .riod of the contrac t .  For the  s t andard  cylinders, bo th  the  actual  
ad expected percentage  of results  below f )  was the  same ( tha t  is, 
Yo), and  the only set of cylinders belowfc~ had  a s t rength  of 29.9 
lPa. Wi th  regard  to the  in-place tests, no pul lout  test  results fell 
.~low the  equivalent  o f f c  1 , a l though statistically 5 %  would have 
~en expected. The  average in-place s t rength  as de te rmined  by 
allout tests was 89% of the  average core s t rength  of s t andard  cylin- 
ers. W h e n  tests are made  on concrete in a s t ruc ture  by coring, bo th  
mer i can  and  Canad i an  codes accept  the  concrete as s tructural ly 
zceptable if the  average core s t rength  is equal  to, or exceeds 85 % 

1 1 Ffc and  no resul t  is below 75% o f f c .  If, therefore,  we accept  t ha t  
. 85 f  1 is acceptable  for all in-place tests  then  an  average s t rength  of 

TABLE 5--28-day test results fc, 30 MPa. 

Standard 
Parameters Pullouts Cylinders 

lumber of results n 84 84 
4ean strength X, MPa 34.4 38.8 
tandard deviation a, MPa 2.7 3.9 
range, MPa 30.5 to 44.5 29.9 to 47.7 
)ifference between f~. and ~ 1.63 a 2.26 o 
:.xpeeted number of results belowf~ 4 (4.9%) 1 (1.2%) 
~ctual number of results below f )  nil 1 (1.2%) 

"From correlation curve. 

25.5 M P a  for the  in-place tests would meet  s t rength  requi rements .  
If  this  value is t aken ,  then  the  difference be tweenfc  1 and  the  average 
s t rength  is 3.3 s t anda rd  deviations and  the es t imated n u m b e r  of 
results  be lowfc  1 becomes  1 in 1000, 

Table  6 gives the  results  of tests  on six pours  in which inserts  were 
placed in bo th  the  top and  bo t tom of the slab. Variabi l i ty  was simi- 
lar for bo th  locations,  bu t  on average the in-place s t rength  indicated 
by the  pul lout  tests  was abou t  6 %  less at  the  top of the  slabs t han  at 
the  bo t tom.  

Conclus ions  

The e l iminat ion of s t andard  cylinders did not  make  the  assess- 
men t  of concrete quali ty more difficult. 
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TABLE 6--Comparison of top and bottom inserts in the same 
concrete placement. 

Calculated 
Mean Standard Minimum 

Number of Strength, Deviation, Strength, 
Location ~ Inserts MPa b MPa MPa b 

T 6 22.6 1.2 20.3 
B 8 23.8 1.3 21.5 
T 5 22.9 1.0 20.9 
B 9 27.6 2.1 24.1 
T 5 21.2 3.2 14.9 
B 3 21.3 2.0 16.2 
T 8 23.1 1.3 20.8 
B 9 22.9 1.2 20.9 
T 10 29.5 2.5 25.3 
B 10 29.7 2~  26.0 
T 9 25.1 1.0 23.4 
B 10 28.8 2.2 25.2 

aT is inserts in the top of slab and B is inserts in the bottom of slab. 
b Compressive strength values obtained from correlation curve. 

The  in-place tests  also conf i rmed a satisfactory s t rength  gain with 
age and  demons t r a t ed  t ha t  in-place tests  a t  la ter  ages can be used 
for the  assessment  of the  acceptabi l i ty  of a concrete  s t ructure  as well 
as early in-place s t rength  tests, and  bo th  can be  used together  or 
separately ins tead of s t anda rd  cylinder tests.  

Cylinder  tes t  da ta  at  ages up  to 91 days conf i rm tha t  s t rength  at  
later  ages can  be  accurately predic ted by tests  at  early ages. The  
da ta  also show tha t  pul lout  inserts  can  be  used e i ther  in the  bo t tom 
or the  top  of a slab and  t ha t  bo th  procedures  have abou t  the  same 
variabil i ty a l though  the  s t rength  in the  top of a slab is abou t  6 %  less 
t han  t ha t  of the  bo t tom of a slab. 
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