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Concrete core testing for strength

Part  1 .  Scope
The aim ol  thLs reporl  is to recommend procedures lo be
fol lowed when dr i l l lng and iesl ing cores 1o assess the
strength of concrete rn pavemenls, in si tu structures nnd
precast un ls.  The procedures are designed, on evidence
irom pract ice and research, pf imar ly for concretes made
wlth Podland cements and nalural  aggregates and for
cores sarnpled. t reated and tested to BS 1881 i  Part  4 :
1 9 7 0 .

Theconvers on factors g ven in ihe reportare consrdered
to be appl icable general ly lo concretes conta ning adm x-
tures, but should be used wi lh rnore caul ion lor concreles

contain l ightweight or a. t i f  ic ial  aggregates;

In rhis report ,  rhe Iol low ng terrns are used for compres-
s ve strength relal inq to 'potent al '  or 'actual qual i ty of
concrete. Al l  excepl No.4. Core Strength, are cube
strengths or equrvalent cube strengths.

1. Standard Cube Stengh
The compressive stength of a cube sampled, moulded
and tested as dei ned in BS 1881 :  1 970.

2. Potential Strcngth
The not ional strenqth of concrele considered as lhe
average Stand!rd Cube Strength at 28 days for a single
batch of concr€te mou ded wholLy as standard cubes.

3. Estnated Patentia I S treng th
An eslrmate of Polent ial  Strength l rom a l lmited number
of standard cubes or cores.

4. Corc Strcngth
The 'measured compr€ssrve strenglh of a core as de-
I  n e d  n  B S  l 8 8 l  P J  t  4  l q / 0 .  r d u  e  I  3
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_"9!l9il_9"I9l! -o_!hgt than Porrla.id: \., . 1,.
have extreme values for mix proporl ionsi
are inadequately conrpactedi
have been subjected to unusuai.  var lable of exi fern-" c.r

Th€se cautons appy more to esl imat ions of Polent ial
Strength than to est mal ons of Actual Strengrh

Defini t ions
The qual l ty of concrele, as assessed by mak ng and test lnq
cLrb€s in accordance w th BS 1881 .  s d f ferent from that
of concfete in an in srtu element,  a pavement or a precast
unit .  There are many reasons lor thrs,  among them berng
ihat the methods of compact ng thc cubes and stor ing
rhem unl i l  they are lested di l f€r i rom the lreatment given 10
the remainder ol  lhe concrele-

ActualStrenllth
The not ional srrength of concret€ at a single locatron.
considered as the strengih of a cube ol  the concrele as
1 exrsts in the str !ctur€.

Estinated Actual Strcngth
An esr imate of Aclual S$ength from the test ot  a core
dri l led from the structure.
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Part  2.  Int rod uct ion
The reasoning behind the procedurss
The reasons lor dr Ll ing cores for s l fength tests are com
mon y 10 assess one or a combinat ion of ihe fol  owing.
(1) Th€ quahry ot th€ concrele provided to the conslruc-

t ion (Potenrial  Slrength).
(2) Theiqualr ty ol  cofcrete in ' the consrruct ion (Aclual

Slrefgth).
(3) The load lactor oJ a structure to carry:

(a) ' the actuai load ng system;
(b) the des gned loadrng systemj
(c) a projecled loadlng system for a new use.

(4) Deler iorat ion in the slruclure due 10:
(a) ov€r oadins;

_ (b) Jat iguei
(c) chemlcaL react ion;
(d) f i re or explos oni

.  (e) weatherino.
For purpose (3).  an esl imate of the Aclual Strongth

provides a measure of strengrh of lhe concrete al  a par-
t icular locatron which can be appl ed in structural  calcula-

For purpose (4).  values of Actual Strengths from cores
dri l led i rom aifecled and unaJfecled ocal ions may enable
assessmenls to be made of the degr€e and exlent of

For some ol  these purposes, the use of cores may not
provide ihe most accurale means oi  assossing the qua ty
conce.ned, but may be the most economic and pracl  cal
nrethod ava able. A slmplf ied apl)roach to the order of
tests for drJlerent purposes is showf in Table r .

I t  is obvioLrsly preferable to use a frrmary test.  re.  one
corre at ing most direct ly with lhe slrcngth aspect Lrnder
rev ew, whenever economic and practrcabie. l t  rs unfor
tunate thal ,  al though an ul t  mate oad test o{ a slructure
provides an accurate measuremenl ot r ts st fength, i l  a so
r€moves the strLrctufo, and proves .n uneconom c rnelhod.
On the oiher hand. the lurther removed the test meihocl rs
from the property of in lerest.  the l€ss rel iable the informa-
t ion wl l l  be. Thus. the standard cub€. as a tertLary test.
su pp res relal ively l i1 l le informatiof  abour the behaviour of
the svuclural  el€ment.

Concrclc corcs. r l t l iou!fr  ,  pr i fary moans lor assessing
concrete strength in th€ struclure, are !nloi lunateiy rele-
gated to a secondary posrt ion lor assessing lhe strength of
the standard mou ded cube. However.  when standard cube
t e s t r e s u l l s a r e n o t a v a i l a b l e o r t h e r r v a l i d i r y i s d o u b l e d , t h e
core lesl  may assist  n f indrng answers to the two

(a) is the str !crurr l  element oI adequate srrength ?
(b) was concrele cohplying wlth the specitcatron sup-

p ed to the const i lct  on ?
and may al low some dist  nct ions to be made between
elf€cts ol  extern. l  cond i ions. s te workmanship and the
concrete supplrcd 1(r lhe conslruct on-

Non"destruct ive test methods
Two mcthods in gar)eral  use, ul l rasonic and rebound-
hammcr lcst r !1.  can bo usolul  i r  supplenientrng core
lesl lng by
(1) locai nq are.s of pol€ntra weakness orvariabi | ly;  I
(2) enabl ing areas belween core locat ionsto be surueyed. l

thus redLic ng the number ot cores required for large i
areas or volum€s or concrele.

The use of c i lher mcthod to assess strength, withoutspeci-
{ ic correlaton with rel€vant cube or core slrengths. is
depr€ca1ed. l t  can be seen l fom Table 1 that they are, at
besl,  secondary or ler l iary nrethods srnce they do not
mcasufc slrcngt lr  d rccl ly.

Fo. assassment of deler lorr t  on, non destruclrve lesls
car) bo usad lor dct!  krd survcy: i  or lor contrnuous monr,
lor ng.

I  rddi ton. the covermeter is partcular ly useful  for
avo drng sleel  whcf cor irg.  Gammlr radiography, al lhough
not In general  !se, owing to the special  sat€ty requ[em€nts
necessary, may be used 10 ocate l roneycombed areas and
rernlorcement at qreater depths.

Background to the two procedures
Two procedures are provided n Par13. on€ for est lmatlng
Acrual Slrength and one for Potent ial  Str€ngth. The appro-
pr ate ,rcat ions for co. ing a structure w l l  usua ly di f fer for
the lwo purposes. Fof example. for Aclual Strength i l  may

T a b l e  1  s r n r o  i i 6 d o r d 6 j  o t r p . r  r L  o d \  . o r  d , r e . o ,  .  a  p p  | . o r . r ' . 1 9  r '
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be relevanl to core at a ocal ion of poor y cured or com
pact€d concrele, wh.reas for Potenlal  Strength i t  is
i )ss€n1lal  to core i rom concrete fepresental  ve of a batch.

Although the separale procedures wi l l  pfoduce the mosl
re able iniormat on for each purpose, this does not imply

that i l  wi l l  a lways be necessary to cL1 cores for bolh pur
pos€s.fprexample. l f  Potenl al  Strengths est lmated bylhe
recomnrefded proccdure pass l i re comp :rrrcc requ re
ments of the spec f icat ion, i l  would usuaLly be unnecessary
ro take.{u(her cores to check Actual Str€ngth. S mi lar lv f
Actual Slrengt lrs 3re accept.ble to the engincef,  i l  may be
deemed unnecessary to pursue Potenl ial  Slrength

A sing e cofe provides a sing e est imate ot Actual of
Potent ial  Strength only in the immediate vic inny ol  the
core. A numbef of cores are needed to provide a rel iable
avera@value for assessing Poteni al  or Actual Sl tenglh
- i6viousLy. 

a large number ol  cores taken for anv sr lua
t ion w l l  increase accuracy but in many nstances. when
de ays aae fot cr i t ica ,  wlref i l terc is no cr l l ical  lY of rhe
structural  element or when Civis ion of responsib ty is not

necessary. a smal l  number may be accepted. l f  doubt per

sists,  addl iLonal cores can be cut and iested wl lhin a lew

The recommendal ions are based on the concept of com_
promise belween r€asonable acculacy and cost,  for a wide
spectrum of c lrc l lmslances where the cost impl icai  ons of
acceptance of low slrength oI rej€ct ion of sal  s lactory
strength in a structura element maytre sever3l  orders ol
magnltude gr€aterthan th€ cosl  ol  core test nq

Conversion factors
The Core Str€ngth and an esl  mate oi  Actual Srrenglh at

lhe age oi  extract ng a core can be obtained vr th r . l1:on-

able accuracy in many inslancei Trans atron o{ a value

lolward or backward in l ime reduces the accuracy, because
r n e  c o r e  s l ' e l q  r  r r /  v o l y  ̂  l L  " g e  o ^  1 0  l o  '  e m e r  1
L n d r d c l e r i \ l . s  ^ l d l u  r I ,  m r "  l '  p  I  ' r 1 0  \  l l p  r d l  a o v e

duc Io  lo  ' . i  "n  l  i r  I  ' r  I  P \ '  e i  io r  -

r_1r .  : l : - i ]  ;1 . 'o  caFB.  C " 'd  D t t  L  rL 'e  I  m n  Lr '  ve

dif lerent sirenqlhs which bear no srmple relatron to €ach

other.  Potent al  Strenglh est imitcd back in l im€ lrom core
A wl l l  be more rel  able than from core D .nd maY be

s ml ar lo Standnrd Cube Slrenqlh. provLded al lowance can

be made for the Jaclors wh ch have ai fected the concrele

1 r l 'e . | |uclure o l le e' l l l /  l ro,n le s.^ e 01 rele n a

To enable lhe most accLlate va ues 10 be calcu ated lor

Aclual and Potent ia Strer,gihs. i t  is necessarV to have

(a) a range of conversion factors f iom which a seleciLon
can be made of the most appropriaie ones for the
parlrcular c rcumslance: or

(b) average v. lues for convarslor fnctors wlr  ch wri l  surt
nrost c rclrnrsl i l  lccs.

ln some cases. where a signi l {anl  in l luence can be

r e d o  ,  c J a n t r l e o , e q  l l e l ( n g t , l  o a _ r e  e  r d l i o l o r a c o ' e
,t  , .  po"s ole 10 o,o! oelJ] l i iTioru"r"--6i  'o rors l r

olher cases. where messuremenls sre LLke v to bo unavarl_

able or di i { icul t  1o assess. e g moistufe hrstory o{ concrele.

methorl  (b) has ro be used Both melhods have becn used

for the procedures g ven in Pan 3 and a I  f .ctors :rr t  based

on the comprehensive analysis ol  data l rom pracl ice and

research provLded in Part  5
l l  wi l l  b€ noled that lhe process of conversion rn Part  3

4

Frqure  1  l l l us l ra t ion  o l  the  r€  a t  o .sh ip  in  l ime be lween S landard
CJbe S l r€na ih ,  Core  St rens ths ,  Ac tuar  S t 'eng lhs  and Fo len l ia l
S l rengrhs  a t  a  s inq le  loca l ion  in  a  s l ruc tu re .

dif fers i rom lhal  given in BS 1881 by removrng the Lln-

necessary transi ton slage of f l rst  convert ing the Core
Strenoth lo a cyl  ndcr strenolh h. lore conversion 1o a cube
slrerrglh l l rc rocommertdod proccdure also a lows for the
inf luence of l91lj.9gDl!.e.nt. drilll ns damase diggl-q!--st
o l  rnq Lu, 'o r4o I  re ,rqe ol  r6\119 In dddi l io4 to n-

r lncn.e:6r rze ar o sradA-T-6;*1odr 'ors lor dr i l  ins

locat ions a;a sizes;fcoras are made 1o minimize the

ef lecrs of var at ion due to some o{ lhese laclors.

Use oI estimated values
Flgure 2 i l lustrates the procedules for a case where r t  has

been necessary to cut cores n d f ferent locai lons to assess

both struclural  integrty and cornplance of the concrete
wrrh the speci i  c. l ion. where CP 110 provldes the cfr terra

Est imated Actual Sirenglhs can be compared. as an

avoraqe or indvidu. l lv.  wl lh struclural  cniena ano lo
rr ; losj  ol lccl  ol  r t  rvrrorrrrrrr  r l  of  wotkrrrr trr : i l r  P. l l ro 'rvorr0o
Esl imated Potent al  Slrength for the batch can be com-
pared wi lh specif icat ion compl iance cr ter ia for Standard

Cube Slrenglh.
A worked cxamplo. demonstralrng lhe use ol  th€ pIo-

cedures in a pracr ical  s i luat ion s provided in Appendix 5

ro Part  3
Typica ly.  Est lmaled Aclu:r l  Strength is numerical ly less

than the'est imaled cube strength calc! lared 10 BS 1881 :

1 970 f  rom the Cora Slrength whereas the Est imated Poten_

t ial  Slrength is hrgher.
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1881.  and thal  sawfg of  pafe ends before cappng
should be inc u i ied as a recomnre.ded pract ice.  Spec l ic
gurdance.  as s!pp led now for  c !be ten ns.  s  requrred in
r -  d  i o  o  1  o  t p  o t ,  i , F  , d  t - , d  r ,  r ' i d  r d  q r h  a s . .

Olher uses for cores
A rho!gh rhrs repo.r  r iconcef i rc i  s tec I  . : l ly  wr th concfe le
core lest  rg for  s t renglh.  lhere are many other  uses lor
cores.  A rs t  o l  s lch uscs s p.ov ded In Par(  4 SAme of
these o iher  !ses miy a ( l  r i l .4r . l r i ior i  o i  cor .  s l rcnq rs .
1t  s  possrb lc  l l ra t  dc ln . rd g!  dr fc . i  o f  l t rem nray be
mer i rdd n the lu1!re

fl
m
f,
f,

FAUre 2 :  l lus l ra ton  o f rhe  p ,ocedures  fo rassess  nq  Acrua a id  Po lenr ia  Sr ren ! ths ,
where  CP I  l0  p rovrdes  lhe  c r i le r  i  fo r ludgeme. t .

B S  1 8 8 1  r 1 9 7 0
8S 1881 r  1970 provides a basls  tor  core tes l ing i rom ihe
slage o l  rece v ng a core a l  the aboratory up to rhe deter-
minat ion of  t l re  Core Strenglh However.  I  do€s nol  pro-
v ide sLr l f ic lenl  surdanc€ on the locar ion and exrracr ion o i
cores or  a sound basis  tor  convcrs ion to Aclua or  to
Porenr  a l  Strengrh.

Thelerm est lmated cube s l renl rh n BS 1881 r1970 s
considcred io  be mis leadins ind has been r .ke.  erron-
eo!s ly  n pract  ce 10 imp y equ valence wirh rhe srrength
oi  a cube sampled,  m:de,  cured and rested 10 Paf ts  1,  3
a i d 4 o r t h e S t a n d a r d f o r m o ! l d e d s p e c m e n s

t  s  reconrmended th! l  s icas!r .  ncnl  o l  co.crete def
s ly  andthe res i rc l ion of rhe ra l io  of  tengr t r  ro d iamerero i

ti,;,; I

a  core af ler  cappinq 10 1-1 2 shol ld  bo rnade mandaiory
requiremenls lor  core res l  n9 rn the next  rev is ion of  BS



Part  3.  Procedures for  obtain ing and compressive test ing of  cores,
and interpret ing the resul ts
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3 .4 .2 .1  Tnmm fg  io  les t  ens th
3 .4  2 .2  Eram na l ion
3 4  2 .3  Capp na
3 4 .2 .4  D{ r rs , rv  d . rd rm .n t io .
3 .4  2 .5  Tes l  rc  lhocore

Est imat ing  Ac tua l  o r  Poten t i6 l  S t ren9th

l l  5  2  |  t  ,1  r , r r t r r r  o l  AdLr i  . r ( i  l ' .n .n l  r  1 i l , ! ! ,1 r r l i
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3  5  2 .3  Srg i r r  ca fce  o i  Es l imated  A. tua l  and Po ien tLaL S l rengths

Interpretation of results

3  l i .2 . l  A l1ur l  d  rd  Po lo t r l  a l  S1r .  ! lhs

3.6

24

2 5

2 1

2A

Aependix3 The ntluence orcurins hisloty upon Core Sttenqrh

Coreclinq Core Svensrh Ior lhe inllu€nce ol Excessvodaqe

A merhod ofeslinaring Ercess Voidage byvis!almeans

Cotrecting Core Srrenglh Iorlhe inlluence of included steel

Awork .dexampleus ing !herocommcnded Frocedures

CLiruses re at  r re 1o Actual  Sl rengih only  ard lo  Polenl ,a l  S l refgth onlv

are shown respecl ive ly  on the le f t  and nght  hand srd€s o la pagc t rnd

have rhe pre l  xes A/  and P/  rcspecl ive lv .  Al  s l rofgths ln  Par t  3 are

cube st refgths of  lhe i r  equivalenl .  except  for  the measured CoIe

Strength.  Thus Actua Strength and Potenl ia l  Strergth are equ valenl

cube st renglns.
Tc a id users o l  lhe Procedures.  key.spects have been boxed or

pr jn led jn  bolder  type.



3. ' l  Making the decision to dr i l l  cores

3.1.1 General
Before decidingto dr i l lcoresfor compressive test ing, i t  is essenl ial thal  Iul l
consideral ion be given to the necesshy {or rhe test,  i ts aims and lhe value
of the resuhs which wi l l  be oblained. The consideral ion wi l l  scneral ly hinge
on wherher i l  is required 1o eslabl;sh the setuiceabi l i ty of  a structural
element trorn an assessment of the strenglh of the concrete in it (Actual
Strength), or to estimate rhe sirength of the concrcte provided for the
manufacture of the elemenl (Potent ial  Strensth) and nolmal ly expressed as
the average strength of a number of cubes sampled, cast and tested in
accodance wi lh BS 1881.

Either s tuat ion may ar ise when a cube test result  is de€med not 1o
comply w th a given spec f ied va ue. CP 110 adv ses on tho necess ly of
checking the val idi ty ol  the result  as the i rst  acl ion. Three possible si tua-

( 1 )  W h c . o .  o n  I n v o s l 0 r r l i o n .  . l l  t h c p r r t c s l i n v i r r O i . { l i r n , l l n o l c s s i o r i . l o r
commercia inrerest ln the ma1ter ( lhe Part ies) are !greed thal lhe test
r€sir l t  is val  d.  furthef tesl ing ls not normal ly just i f ied and subsequenl
act ion s besl based on a considerat ion of the magnrtude of the result

(2) Wher€ rhe Padies are agreed that some tesl ing dei c iency or def ic en'
c es have been present,  the lest result  should be rejected and fur lher
cons deral ion of the true potent al  qual i ly of  that balch of concrele is
not normal ly just i f ied. l f .  however,  the locat ion of the concrcle is
judged cr l ical  by the engineer respons ble fol  lhe performance of $e
structure, he maydeem i tnecessaryto obtain a vald assessmentol the
Actua or Potent al  Strenglh and w l l  be obl ged 10 r€sorl  lo the Inler
pretat ion of lhe results o{ some test ortests of lhe qual i ty ofthe concrele
in lhe work. The conc usions drawn in such cases should nol,  how
ever.  be regarded as proof o{ non coripl iance on the part  of  the
concrele producer.

(3) Where l l re Part€s disasree regarding the val idty oI the cube l€s1
t u r s L r l l .  I  t t r o r ) o s r l l ( i  r r r l ' .  r  s c c o n { l c i l i n r r r l r )  ( ) l t h ' ,  l ) , ' l , , r l i . l : l l r . , r i , J  I '
o l  tho concrcle rr .y be soorr as an acceploble lor l '  o l  rrbtrr torr  l  
th s si t !at ion. i t  s essenlral  thal  the methods of lcst  afd nlelprelatron
ol the r€s|] l ts be agreed by ihe Partres befo.e proceedrng. olherwise the
d sagrcemcnt may beconre exl€nded to the second est mate ol  Polen
I  " L  S l  "  o . ' r  d r  J  L  r l l "  |  " s  b a 6  |  q d  .  p d

n many cases the m€thod used lor est mat ng the Actual Sl .englh or
Potent ia Sl.ength ' , \ r  Ll  be the core test.  This pa|t  of  the reporl  recommends
Procedures for the laking and test ing of cores, and inlerprotal ion of the
results such rhat the Actual Strenglh or the Potent ial  Strcngth may be
obtained with agreemenl,  i tem by i tem, between the Parl ies.

I t  s seldom poss bl€ to obtain vald ard Iul ly approprrate estrmales ol
both Actual and Potenl a Slrengths i rom lhe same cores Henc€. the
special  cond r ions sppropriate to the lwo approaches should be apprarsed
by using the Procedure given in 3.1.2 before laking furthel  act on.

ACTUAL STBENGTH (CIaUses A/. . . )

3.r--2 Procedure

A/3.1.2.1 Def ini t ion
Esrimated Actual Slrength is def ined as the sirength of
concrete sampled from an elemenl and lested in accord-
ance with this Procedure such th:-  rhe.esuh, expressed as
an equivalent cube slrongth, is an est imate of the concrele
strength as i t  exists al  the eampllng locat ion, wi lhout
coftection for the effect of culing history, age or degree of

POTENTIAL STRENGTH (CIaUses P/. . . )

P/3.1.2.1 Delrn i t ion
Esl imated Potent ia l  Strengrh is  def ined as rhe.s l renglh of
concrete sampled f rom an e lemenl  and tested in  accord-
ance whh th is  Procedure such thal  lhe resuh is  an est imate
of the snenglh of  the concrele prov ided for the manufac '
iure of  the e lement  expressed as the 28 day BS 1881 cube
\ l r e a q r l  .  d l l o ^ " n  e  o p r ^ q  r , o "  l o '  d ' l e  e n . " s  r r  c L l n g
h story,  age and degree o i  compact ion between core and
B S  l 8 8 l  . u h r .
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A/3.1 .2.2 Genercl
The core resr is used for the esr imation of Actual Strenglh
when the values obtained wrl l  enable the servrceabit i ty of
the elemeni sampled to be assessed and where other
iorms of lesl ,  which may be mcre convenief l t ,  currprerre|-
s ve, Jasie(,  cheaper or lesS damag ng 1o the appearance or
performance, ar€ deemed ufacceptable for feasons of

Reasons {or req! nng an est imate of Aclua Strenglh
nray fange from { re of olher damag0, to far/ure ro l€st
concr€le in a crt ical  locat ion or lhe use of an unknown or
suspect gr.de oi  concrete. Resoiut on oi  a d spute regard-
irrg lha vr l id ly o{ c!rbe test results.  however,  requiras tha
csl i r t rr t ro r  ol  l rolcI l i l l  Strorrgt l i .

The Actual Sn€nglh depends upon rhe qlat i ly ot  the
concrele pfovided lor dre manuiaclure of the element ptus
lhe qual ly ol  workmansn:p and subsFqLenr hrsrory

Interpretat lon of rhe esttmate. regarding serviceabit i iy of
the element conlain ng the concrete, wl l  depend upon the
des gn ph losophy involv€d.

A/3.1.2.3 Prel imlnaries
l f  wo*manship or subsequenr hislory are suspect or i f
standard cube lest results are nor avai lable, core tesi ing
for est imating Actual Slrength of the concrete is appro,
pr iate. However.  when l i re Standard Cr.rbe Strength ts
known ior the batch or may be reasonably n{erred. and r i
the workn'r .nshrp and subsequent hislory are deemed
accepisble- the €lcment may b3 asscssed by the fol lo\ , \ r ing
recommended proceduret on rhe basis oJ th s ass-.ssm-"nt
I  may Oe deerned unnecessary to pra reed w th the est ma

i of ot  Actual Strength l rom ccres.
(1) Est imate the probabl0 Ioci i t  on of the suspecl cofcrele

rn the e ement by observrtLon, fro.n records or by the
use oJ non'd€slrucl  ve l {rsts (eg. ul t rasontc or re,
bound-hammer tests).  and ascerrain that.  wi ih the
€xceptron ot cube stfenglh. t l re concrele s olherwrse
acceptable regarding compacl on. l  nish, etc.

(2) Examine the d€sign of the elemenr ro determ ne the
pan of the suspecr concfcie rhat wi l l  be'rnost h ghly
sl fess€d rn selv ce.

(3) Calcuiate. according 1o lhe design method appl icable
to the element.  the ratro fAr:

Compressrve str€nglh requ red at most highly stressed
ocalron rn su.ireal corcrele

?/3.1.2.2 Genercl
The cofe lest is used lor lhe est imation ot Polenrial
Sirenglh when lhe values oblained may assist  In the reso-
lul ion ot a dispute (usual ly result ing from disagreement
over the val idi ly o{ test cubes) regarding the qualhy of
concrete used in lhe manufacture of an element,  where
other Jofms of lest,  h, l t  ch may be more cofventent,  com,
prehens ve, fasler.  cheaper or less dlrmaging to rhe appear
€nce or penormance, are { leemed !n.cceptable tor reasons

The precrsion oi  an €sl  male of Polent iai  Slrength is
such that i t  shou d not be regarded as an a ternatrve to a
valrd BS 1BB1 c bc t .s l

Tl to Polcnl ial  Strcnglh is,  nrcasurc o, the qual i ly of  lhe
concrete prcvided for the manufacture of the element rur
/s rot inf luenced by the qual i ty ol  workmanship or the
subsequent hrstory_

Interprelat ion of lhe est imate. regr.d ng spec ircat ion
complance, wi I  depend upon the word ng ol  the specr
f ical ion involved.

P/3.1.2.3 Prel iminaries
l f  concrele of suspected sub-specif icat ion qual i ty exisrs in
rhe element (by vir tue of sub specif icat ion but disputed
cube lesl  results),  the Potenl ial  Strcngth ol  lhe batch may
be judged trom core rests.  ln addi lon, because oi  the
possib ty of l f termlxing oi  balches oi  f resh concrere
dunng p acrng, assessr.enl of  Potenl a Slrength may be
appropr are for balches c osely assoc aled w lh the suspect

( 4 )
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Compr€ssive str€nglh requ red at most hrghly str€ssed
lacal at\ tr element as a whole

Desrgn compressive str€ss (mai imum for sect ion) at
most highly sressed loc alion in suspect cancrcte

Deslgn compressrve slress (max mum for sectron) ai
rnost highly stressed oaai.ion ir element as a whole

CalcLr aie rhe rat o f8r:

Siandard Cube Strength al  suspect coDcrete

Minimum cube strengih permissible by desrgn method
for the most h ghly stresseC ocat ion tn e/enent l less

than or equa to the specif  ed cub€ strenglh)

)1 (B) is grca\et \han (A).  the e cf trcnl  may be regirrded
as havrng adequale slrenglh (sublect 10 comparable



checks 0n bond sl .engtI  etc.)  i r l rd procoodifg w l t l
lne est matron of Aclua Strength from core lests may
be judged unnecessary.

A/3.1.2.4 Reslr jct ions
The esl imation ofActualSlrengrh f fom cores can De unoe.
laken at any age, i rrespect ive of the workmanship appt ied
to the concrele {compact ion, cuing) and after chemjcal
or physical  deler jorar ion; and for concrere made from any
lype of cement and aggregates.

P/3.1.2.4 Resir ict ions
The est imation of Potenl ial  Stfength js reslncteo to con-
crele made from Port land cement aod dense (normat-
wejght) aggregales. The coicrete may nor be younger
than 28 days when tested, wh lsr Interprerat on becomes
progress ve y ress prectse as the age rfcreases beyond 28

Restrictions are imposed by rhe erocedure on the loca_
tions within elements which may be dritted to provjde rest
cores, and rn some circumstances lhese may preclude the
delerm nat ion of PotenrialStrength i rom corerests.

The estimalion of Potentiat Strenglh from core resr resulrs
must take Into account fac1o6 l ikety to make the stength
ot the concrete in the core (Aclual Slrength) di i fer f fom
thar rn r l re standard 8S 1881 cube. These fdcrors rncruoe
the rnf uence oi  voidage and cLrr ing dr i ferer jces. ano ooln
are luncttons of the nalure oi  the concrere conce.ned.
Curng dl l ierenc€s (e g on s te cur ng compareo wrrn
water cLir ing) wi l l .  in par l  cular.  produce a slrengrh di f ier_
ence (bctwcan ncrur i  r / rd PorcIr i ! l  Slrenqths) wlr  ch wit l

(a) the part lculrr  cunlg history ot rhe concrere tn the core
afd l r je ai l -a .  t  1(: : j t r  .nd

(b) t l io slrefgt l r  ! r  r  rale.  whrch rs a luncl ion of the
chemrcaL and physrcal prope.tres of the cemenr and
aggregales. and the composit  on of lhe cem€nt.

The st iength gain fates ol  port land cemenrs are more
variable at ear ly ages ihan they are airer 28 udys. In par_
trcular.  the gain n strenglh al ier 28 days oi  the si te cLrred
concrete in cores may be very smal l  lor concrales made
wrth Porl land cenrert  nnd denso : jgqr€ga1es. ana nence
lne ratro ol  Actual Slr-"ngth (ar ages > 28 days) 1o poten
i ial  Strength (28 aay BS 1881 Standard Cube Slrengrh) is
neany constrnl  ror.  crveI cr l r i r jg tr isrory oi  thc concrete
n tho core. Rescnrch. l i l .  aro iv, | table which a ow an

estrmale oi  the rato to be used for port land cements.
defse aggregaies. currng h sror es typicat of  construct ion
In the UK and ages af lef  28 d.ysr r l r is procedure for lhe
eslrmat or oi  Porcnriat  Srrergrh rs rcstrcled to such sirua,

This Procedure cannor at present be used ior concretes
conlarn ng non Port l .nd and pozzolan c mtxture iypes of
cement.  because the ralro oi  Acluat Strengrh I  potenrial
Slrenglh lor rhese is not at  present wel l  enough known.
Slmi lady. the inJluefco of l ightwe ghr aggregates upon lhe
rairo rs not known adcqLratety for l lghrwerghr concrei€ to
be cove.ed by this Procedure. alrhough there rs some
reason lo be|eve thai  rhe ratro Actual Strength :  potent lal
Strength wi l  Increasc wrlh increas ng aggregate absorp-

occasion. l  y cofas complyinq wi lh rhe resrr icrrons rmposed by thcsc
Procedures w l l  permit  ihe est imarion of bolh potent al  Srfength and the
Aclual Strengih requ red for assessing element serviceabitr ly

I t  may be appropriate to sample concreie contain ng a local jzed or un
typica defect.  In this evenr.  the Actuat Srr-"nqth cst im.r€d shout. l  nol  be
rr lorproro( l  x i  ty lncl l  tor t lD oloIro r  o]  lor r  l j . r1(. t r  r  w!Lrtd be i , ror j r
rnappropriate 1o use such a sample tor Potent a Slrength.



I.

l

A/3 1.2.5 Precision of Esr imated Actual Strength

Hence. thb average €sl imale ol  the Aclual Strenglh ar a
grven sampl ng local ion derivcd from , cores is l ikely 1o I  e
(with 9529 conf idence) within t  12%//,  only of the l rue
value of the concrete contained in the core samp es
It  musr r l_ere{ore be dpp ec:dtcd lhdr.  when d compa,ison
ofrhe average est imate and a slructural ly required value is
niade, a r isk of rhe comparison boing inconclusive wi l l
exist  which can only be reduced by incr€asing, and
resolved by rhe appl icat ion of ensineerins judgement.

P/3.1.2.5 Precision of Esr imated Potent ial  Strcngth

In addrt ion. the factors neccssar y rncorporared in an
est imat on of Potent ial  Strenglh frof i t  core lest results are
such that I t t l€ rmprovement in the rel  abi l r ty oi  the esr imate
rs I  k€ly to be obta | jcd with any ncrease in rhe number of
cores beyond lour per batch of suspeci concr€te. |  : . i  -  r  -

Fewerthan four cores per batch o{ suspect concrete are
not permit led undcr thjs Procodurc hut cvcn wrur rour or
more, t l r€ average estrmate oi  r l rc Polenl a strongth ob,
tarned s koly to I  e at best wirhin 11 5% onty of ihe true
value lor the balch. fof  sampl ing and resr ing reasons alone.
In cases where the cur iog history of the e ement sampled
rs abnorma and nol al lowed for.  the average estrmare oi
P o t e r  I  "  S l r e r g . 1  " , ,  o e  l u . r r  e '  d r  F | o

l l  musl hence be appreciated rhdt when a compaflson
of lhe average esllmate and a specified value is made, a
r isk oI lhe comparison being inconclusive wi l l  exisr which
cannot be reduced and can only be resolved byagreemenl.

The core tcst is intr insicai ly more var iable than the cube tesl ,  wel l  cut and
capped cores and wel made cubes hav ng typrca coef l tc ents of var iat  on
due to lest ng a one ot 6 and 3% respect ively.

3.2 Planning and prel iminary work

3.2.1 General
The basis ior ihe decision to dr i l l  cores for lhe esr imation of Polenl ial  or
Aclual Strength should bo communicated to the approprialo interesled
panies (r .e.  those hav ng prolessional or comrnerci .  nterest in the con
crete).  !nd a plafnrng meet ng convened. preferab y on srte.  ln some cas€s.
the complex ry of the dr i l  ng locatrons may rrdicate that i l  is des rable lo
have a rrpreseftal ive of the drr Lng contractor at the f feel  ng.

3.2.2 P.ocedure

3.2.2.1 Genefal
Planning and prel iminary work should cover the iol lowing points.

(a) Tho necesshy for rhe tesr and hs aims.
(b) Evidence ofthe local ion ol lhe suspect co n crele fro m sirerecords

of non-destructive test survey resuks.
(c) Proposed dr j l l ing locat ions, number and sizo of rcst cores.
(d) Anci l lary work, e.g. denshy tests and curing hisrory.
(e) Slrength levels requircd by the specif icai ion (Potent ial  Sl length)

or design (Actual Slrength) and act ion to be taken i f  the est i -
matesobtained from coresare clear ly greater,  loEs o. incon€lusive.

(1) Responsibi l i l ies oi  individuals regarding execut ion oI ihe work.

Detar led recommendal ions relevanl to points (a) to ( f)  are qiven below.
and i t  is emphasized that the successful  appl icat ion of this Procedure In a
coretest ing si lual ;on depends upon the comprehensivenessof the planning
meeting and the degree ofagreement reached belween the inlercsted pafties
before furlher aclion is taken.

@ P/3.2.2.2 Necessiry for the rest and irs aims
A ful l  d sclrssion of Actual Si fength ls qiven in sect on A ful l  d iscuss on of Polentral  Strenglh is given in sect ion
3.1.2. b! t  cerrain polnis sho! ld be apprecialed 3.1 2. but certain po nts should be appreciated.
{T) Actual Strength is the slrength oi tho concret€ as i l  (1) Potent ia Strength s th€ strenglh of lhe concrete as
e x  s t s  i n  t h e  e l e m e n t  a t  t h e  i i m o  o f  d r  I  n g .  L t w o u l d h a v € b e e f a l 2 8 d a y s . f l o r b c r n g m a d e  n l o c u b e s .
(2) Actual Strength s the end resujt  of  the qual ty oi  the cured and lcslcd i f  accori iarce wlth 8S 1881.
concrete used. the workmanshiD appIcd 10 i t :nd al  other (2) Potcnt al  Strofgth relales to rhe qual i ly of  the con-

1 0
I



I l5rof ica or  crvronmcnt l l  tac i (x l j  Lrp to l Ic  l t t le  o l
o r  l n g
' 3 ,  A r  e  I m d t n  o t  ^  , u d l  _ , r a l o t .  o b l d r ,  p o  . .  , ] 1 .  . o r o

J r r e n g t n  0 t  t h e  c o n . r e r c  t n  t h e  c o r . ,
(4)  An esl imate oJ Actua/  Strengrh can be n l rp er : t  lo  a
f iyl  

u:. ' ,r ' ,  |rdr/rorl ro rppri lso  )o rcru,r sorv corbrriryor l fre el€ment sampted. withour iniroduclls rne concopr
o l  d  " { e t ,  ' d ,  _ o r  ' o  s  r e . o t ,  r \ a n  B s  C o u 6  o r  r , ,  ,  o
r r  I  u )  n i r h  v . .  L  l  ,  - o r -  t , r  L o , .  o , , , r ,  r , , r L , c  o . U  L

crctc Lrscd. corrocl  o] ls bc ng n)ade ro al tow ior t l re eff ;ct
on core strengrh of the workmanship appl ied to the con_
crere and othef histor ical  and environmental  faclors up to
the l ime oi  dnl Ina.
(3) An esr|n.rra oi  potent ial  Slrength obtarneo rrom core
rcs l r l s rsoJv$y  n l i l c . t  ; r ( jeurn . jv  i j i i l i vo  lo  $c  Stan . t rk l
Cu!e Srrengltr . , t  r la barch of concrerc sampred types olconcrel€ whrch may be sarnpted ar€ aJso restr ic led.
{4) An cslrmate o{ potenriat  Strength tom cofes can becomp.red wrlh cubc srrenglhs requ red by a specrt  car ion
and, by ntroduc ng a safety lactor for strengrn (see tsS
Code of Pracr ice CpltO).  can (re used to assess thepoienl at  sefviceabi i rry of the etement sampleo Dy assum-
1 l : . 9 ' ^  * "  ,  "  ' . '  l  ,  u . , r , . ,  r .  r w ,  , h n  e r 6 m d n r
{ r r  q . a  t i m d t p o . b o . n n t  d r S t r F - o t r  l r o m L o . e c m a y n F t o , ,
10 resolve a d ispute over  the val id  ly  of  suspecr  cuoe rest

3.2.2.3 Delerminat ion of general  dr i l l ing area and tocatron of
rerntorcemenl

] i .  l : : : l ' : " . ,  
rr ,e sJspn,.r  concrera In rr ,c cr",nnnr s.ourd be rp.rmincdoy-lrs_ual InspFcl ion or from records. , .  nec6\5r j . .  d .ro1 o"srr rct ,re t- .  rsnou d D. u .d to oer.r- ,1-d , . .  oo rnor,v \ , ! .  _ o .F. o_ r" tp.Ine probao,e tocat ion of s ieel  wi lhjn rhe e{pecrpd dFpth ot lhe coresafipfinS siould atso be determined by usrng a oovermeter (pfeierabty) orrrom sr le records. and i ts pos l ion rejat ive ro the "*pe"ied ; ; t f  ing s; ; ,a;marked on the element.

Aset  of  coresfor the €st imat ion of  potent ia j  Srrength musl
relate to a single suspect batch of concrete i, comparison
wi th d ispured cube tesrresut ts  for thal  batch is lo be made.
The boundnry o{  lhc srspccr  concrot .  should thercfore be
cneckcd to conf i rm l l r r  t  l / re  volumc of  concre le contatned
s nor  gr€ater  than the sr?e of  the suspacl  batch.

The sect ion of  cofe to be tes led shoutd not  inctude the
top 20% (o a l imir  or  30O mm) of  rhe t i f t  concefned.  rhe
t o p  5 O  r h r ' ,  \ l r o l t d  n n r  b -  i  , t r , L t , " '  , n  " n v  c " , c  . , .  r , r , .
cascs,  l i tcse rcqur icrnc ts  miry p i .c  ude tha esL nrar  on or
Potenf ta l  S l rengrh f rom cores Whcreih is  upper concrete
rs prese^t  rn the s!spect  batch.  i ts  local ion should be

q p  d ,  , '  o ^

Note .  l vo5 l  . ! rc re te  r ,  I .  w t ren  p  a . .d  ( tsD ay
m€f raron  (q ravr r . r '  d ra ,n | !  da fse  male ,  a , lo  rhe
and d ,3p la .  fq  ihe  tah ter  i  I  and  wat . r  rp r i r . l s ) .
a ro  r  her  n rore  $a le r  a ,e  Ik . l y  ro  be  r rappe. j  in  lhe
rn€  lop  . l  lhe  I  f r  tea . t  fq  to  a  redu. t io f  in  s l lenq lh

. "  
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A,/3.2.2.a Nullbe#*Cecr
<-E

llSlbti Stength ata singl€ sampling location isona. How
evcr.  the Aci! .1 Slrength est imated lrom a single core is
likely to lraa{slh 95% contidence) within !12% only o,
illtrhft+ictual Strength ofthe concrete in rhat core.

l f  the number of cores laken from the s6mpl ing local ion
is increased, rhe rel iabi l i tyof the average est imate of Actual
Slrenglh, l rnpfoves as lol  ows.

Number of 95% conirdence I  mits on
me.n est imale ot Act!al
Ston! lr l r

1
4
I

1 6

t  1 2 %
1 6 %

x 3 %

It may bo of assistance. when considerlnq lhe number
of cores to be dr i l led. to bear Ln mind thal .  whi lst  i t  mrght
be quite proper to d€€m a sma I  sect oned co umn struc-
tura ly inadequate from the resul l  ol  a s ngle core tesl  on
the basis thal  one core fepres€nts a good samp e of the
quanlr ty of concr€t€ whLch could €ad to lai lure. i t  would
not be propef so to do f  rhe s ng € core had b€en taken
irom a iarge element.

Hence, it is recommondq{hlbfithe number of coref,fr,,
drilted shoilld ieflect thprvolume oi.oncrete lruly liable to
rehil6r the element structurally inadequat€, and that lhe
s!bsequent interpretat on of the esimates ol  Actual
Stfengrh should accommodate at, : ,  er.nceol 11 29'ol1/ ' ron
th€ir  mean. Whore lhe indrv d!.1 i r  l rmal€ly r€spons b e for
interprelr i ion i  nds the polent ial  ie!  orr  o{ 'nol  proven' of
!12o/. l ln lat  lhe ini la l ly pruposed vaLue of,  too large,
n I  oLlo be i , rcr"aqed ro ar d ' .LepL. 'Lle \alLe.

A/3.2.2.s t;ry{itl.. ,/
corFs may be daiLed l rom any lor  a l ron wr ln.n t le  suspact
concrete, according lo the p!rpose oi the investigalion,
and pre ie iably  c lear  of  re inforc€ment .  n mosl  cases.  how-
ever ,  the serv ice!b l i iy  of  the e emcnt  sanrpled can best  be

ludged by dr i l l ing where the rat io

Requ red compressive st renqth or  des gn
compressi /e s t ress

Aciuai  Strenglh o l  suspect  concr€te

is  expected to be h ghes1.

lhe &tual Strenclh is uslal ly rowesl In the lop 20%

,ffi:ruffim;p'

P/3.2.2.4 Number of cores
Ihe minlnrum numbcr ol  cores roquir€d by lhe P.ocedure
lo provide an est imale ofthe Potent ial  Strengih ofa batch
of suspect concfele is tour.  These cores .re requrred 10 be
ot uni lormly and we compacted concrete and, where
possible. l ree of embedd€d reinforcemefl .

11 a poor y compaclcd ayor of concrele or steel rs found
1o be prosent ' r  a core wlren i t  is extracted {rom an elemenl.
i t  w oft€n be possib e to 1r m lhe core length to r€move
t h e s e r n d s r r l l r e t a i n a n a d e q u a t e t e s t  e n g r h .  l n o r h e r c a s e s .
t  may be necossrry lo make an on the spol dectston 10
dri l l  on€ or more extra cores In except onal cases. the
locat ion of s ieel  n the e ement may nrake i1 impossible to
obtain stecl  f ree test cores Where avoidance of s lccl  does
prove impossible. l  nrust be un. lcrstood lhat t f re subse
quenl nterprelal  on of the lest resu ls s less rel iable.

The m€an en male of Polcnt ial  Slrcngth oblain€d from
lour or more rndividual cor€ lest fesul ls (even wrth wel l
compacted. uni{orm and stee -fre€ cores) cannot be re
garded as a re| .blc slalem€rt ot  t l re true 28 day BS 1881
cube strengih to bet ler than t15% Hence, a potent ial
rcgion ol 'not proven'of 115"/o must be ant ic jpated when
the subsequent comparison of ihe Esl imared Porent ial
Strength with some speci l ied or requied value is made,
€ven ai ler exerc si fg gr€at car€ i f  snmpl i fg the cores and
al lowing tor €xcepl ional curng and compaclron or the. l

i i i

1 2

: t

( a n'Eximum .-a{parxh bean.fi}cj stabs ano n€ar
-$c i@pression zoiq{oftd€ 3fr

ams and slabs) and

P/3.2.2 5 Locat ion
Cores dr i l led for the est imarion of Potent ial  Slrength
should be laken such thal each rcpresents an app.ox-
imalely equal amount oi  the suspect concrete. However,
in addit ion to the obvious need to avoid badly compacted
concrele and reinforcement,  this Procedure requires that
the tesl  lengrh of core should nol conlain concrere tom
the 1op 20% (50 mm minimum, 300 mm maximum) of the
l i f t  which the suspe€r batch part ly or whol ly comprised.

Nore .  where  Porerna l  Sr re .a r l r  s  ro  be  €s t  mated,  the  cor i .a  oca
l o n s a n d l h e  e n q l h o l . o r e s u b r e c l e d l o c o m p r . s s i o n t D s l n g m ! s t b e
carc lu ly  c l r .s ! . r  sn  r l i i l  t i re  co ic rere  sn i \ r led  has  bee.  a l le . red  as
l i l l l e  as  posrb le  by  lhe  e t lec ls  o l  sed  nenra l ion  d ! r  n9  p lacrng  and
unccna.  cur  nq  S. . i in rc f ta l ro r  oc . ! rs  wr rh  no i  l yDcs  oJ  co .c re te
and p  a . 'n ( t  rechr  ( !es ,  !vharevcr  rhe  deDrh  ! l  the  ' l r  nay  be  (  .e .  in
s  abs  as  we l  as  co  !mnr .  su .h  Iha t  3n  er .css  o l  wa lc r  and an  mav
be l raDped r l feupper  aVerso l lh€concre le rende. i fg r lun typ ica  o f
thar  !sed  ro  n ra Ie  rhe  e  e ' ,e rn . .d  there fo ,e  ] r f5 ! ' tnb le  fo r  cor ing  io r
rhe .s rnra l  on  o l  Poren l  a  S l ronOr l r

Hefce .  avo idance o f  th is  upper  layer  o f 'unrepr€senta-

l i ve '  (unacceptab le  fo r  assessment  o f  Poten t ia l  S l rength)
concre te  w l l l  genera l l y  d ic ta le  the  dr i l l i ng  loca l ion  and
d i rec l ion  as  lo l1ows.

(a) Walls. colu,)ns ar)d .lecp bean)s w I iormally be
drl l led horizont. l  y balow the unrepresent. t  ve !pp€. layer

(r ) near uniloffi wi$ hejght and ac|l'ss th€ cross-section
in walls and shon columns,

,  Hence. cores from beams and slabFwil l  genera ly be laken
J f iom that pan of the suspect conc.etc nearesr ro mro span

and dilled from ths compressjon (usually top) facet
whereas rhose irom wal ls andtblumns wl gen€ra ly be
raken from rhe top of iF; suspect cci i icretd n thc l f (  and
may be dr i l led {rom any sur iace

) - - - .



Where the e emenl  s  of  such s €nier  proport rons rhat
1ne remova o l  tes i  cores cou d crd to doubls regard ng
tu lurc servrce.b ty  (even atr€r  nr i rk i fg  good).  cores
shou c j  be dr  e. j  f rom vvh.r  is  ludged ro be t l te  nearest
suspccl  concrcte n aN accepl i rb ly  ron cnl  car  rocruon.

Occas onJl iy ,  ih !  concrete mny show, under v  sua or
nof- rest rLrct rve exnnr n.1 on.  .  regrof  of  npp.rcNr y lowcr
 ror  average qua ly  l r rge enough to r f f tuefce the ser-
vrc€abi l i ty  o l  the . r 'vhol€ e emefr  n such cases.  r r  may be
nplr ropr  aro to takc cor€s l ronr  thrs cofc cLc for  lhc cst tnrr
r  of  o i  Aclur l  S l ren! l r t r .  Wtrcrc.  t jowcvcr  ,  tocr t rzcd or
unlyprcal  delect  rs  pr€senr rn rhe dr   ed core.  er lher  by
delrberate select ion of  rhe dr i t i rng toc l l ton a l  an obsarved
oelcct  or  b, r '  chancc.  1 w be gcnera y r fappropr  a lc  to
nl€r  the serv iceab l r ty  o l  lhe e leme| t  t rom any es1 ma te o i

Act l ra l  St .ength obtarned f rom thar  core

oi the l i l t  or etement.  tJ cofes have to be dr  ed ven calty
rrom thelop of lhe element.  they shoL d be of such length
lnat the requrred test ength (not l€ss lhan one oramere,
can be oblatn€d afterremovalol thc Unrepresentatrve con,

-46) Sttalow betnE atrdslabs wr| ,rorma y rre ctfi ecj ver
lrcal ly downw:rrds through bolh unrepresentat ive and
represenlat ive concrere. onty the iar ler betng used tor the
lest lefglh of core Wtrer.-  fc.stbtc.  howcv"-r . . l r i t /  n. j  ur)
wrr. ls Iniy | |cr l i l r t r)  l lo rvoid!r tr jc ot  rc i , Iorcemofr and
reduce the exteft  of  ihe drr l  ing requrred ro obtarn su tabte

It  should be noled that.  rn rare cases rnvotving smatl
batches or very large and deep l t f ts,  the suspecr concret€
may lre lotatty wrrhin the unrepresenlat ive uppe. rayer 01
the l i f t .  ln such cases. potentrat Stre|grh crnnor oe derer_
mrned sal isf .ctor ty and. should cores be lakan from unre
presentatrve concreto, the est rnated poteni ial  Strenglh
yielded by appl icat ion of the fomulae and f ;Jcrors grven n
this Procedure may be depressed (relat ive 10 the l rue
PotentralSlrength) by 30% of more_

(c) Pavenents. wh ch are invariabty dr l teo oownwards
rrom rne surtace, may be consiructed n one layer or two.
In the lormer case. t f re lop bO mm. or 20% ol tne stab depth
i f  lh s s grearer,  should be regarrtod as !nrepresenrrtrve
concrete and sholr  d not b€ inctuded in rhe test tengrh.

l f  a slab has been ta d in lwo courses. the upper w t l
normal ly be about 50 mnr i f  thicknoss ar. i  i t  wi l t  not be
p o s s l l ) 1 .  t o  o l ) l  r j  i , , t r , r .  ( i N . r j  , , t  I r j r r t r , r . r ! r r ; r I v . , j o | -
c r o t c )  | o r i i  t l r  s  c o u | , .  r r  i , | i t r ) r ( t i | r ( r r w  t t j  t l | s  r f t ) c c ( r u r e .
I  l ro  ut )J)cr  . , )o l l io  s t iL , t | l (1 .  t rowovcr .  tnvo t r ( rcn coIrpncl€d
wh/e l t re lower course wrs st i  

 

p tast ic :  / f  thrs was. jofe.
the s l .b  c fn be co| : j i . t . r ' i t  as bc i r r .J  ot  o, rc . / r f1  so t l ra l
| | l l le ,  f  a f iy ,  o f  the ower course necd b€ consro€reo ro De
of  unreprescnta l rvc concrc(e.

P r v . | r . ! l  r r   , j  r r . ,  r , l l , r , , . ' r r t )  r r t , ,  t f l r t  ,  : \ r ) t , , , t r  t ) l
a  vrLr i i r t r r ru t4rnr  l rJ  1 r  ut l l jc r  surhr t r r  I tc  c f lecr  vcfess o l
rne vrbra lon tends to drmi f  sh wrh d€pth par t tcutar
. l tentrof  shou d.  lherofore.  be paid to rhe examifarron of
rne cores cxt racted .nd thej r  vordage b-oforo proce€ding lo
estrmate Potent  n l  s t rcngth.

I
L,

i  The face of thc elemenl from wh ch coros wrl t  ba r : l r i t icd s !sur y f i rcd
. oy the above and by practcat coosideratrons However.  r  nray be norcd

that dr i l Ing is usualy easier and cheapest i r  rhe verr icr l ly dow]lward
drrectron and hardcst and dearest rn the vertrca y uDwaft t  . t  rcct or j

In som€ special  c irses. r t  must be anr cipared that acsrtrel  c co|: j idcr irr  ons
regsrdrng the appeorance of the elemenl afr€r co|ng may tni luence the
se €clron of sampl n! tocatrons. Atso. whr sl  cores shou ld never be cui  f ronr
ocatons such that the cor ing i tsef renders thc eement unserviceable,
lhere wrl  invariab y be a n€ed to .make good alrer cofrng.

Noto .  Wl t r . r  r j r t '  r {  , rL r r t  s  nor  !  ro r )  c  wt , i c l r  f J r j  b0cr j  t r rv ! }x ! - r r l l r t  | ,  r t . r j r t  r r  l r cplodrl'or or lhrs do.Lmdn r ts su(Jgested rtjar resnrut on slrou d be by e ther
( r l  r a m m r n g e d r v ( o w  s h r n r i a o e )  c o f . r e r e o r s u r r a b i e p o r e n t a  s r r e n q l h ; o r/2  oo  i  ,  o_  or t " ,

' ' , 1 .  a ,  . 0  a " . .
. , r - , d . ,  r  i ,  . . r . .

o r m n u e l o . n r d s r r q a  O ! m p f !  o r  s c r e w i f a  . c r i o . l o  b " l  r r , . . V ; , n , t . , , n , r , "  o , o u io r  res .  an ' r  lo r .e  r t  o ! t l ] r rn r !h  ih .  n r t rownnfu  dr  a rD.
Wh. , .  r r i .  n r l  in ,  r  j  r t  . l  r r ) r r . .  r rncc  rs  . i r r . . l ,  co .naq r l  on  I  i r r r r r  L r .  ! r  v . r r  r r

. " 1  
" ' :  \ . , ! , o p o . , . i  r J
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Coresofborh 100and 1 50 rnm nominal diamerer are pennir led underthese
Procedurcs, provided the nominal maximum aggregate size does not exceed
25 mm and 40 mm respect ively- Whenever possible, however,  150 mm
diameter cores should be dr i l led, as less var;abi l i ly due 10 dr i l l ing and more
rel iable results are obtained, wrth the fol lowin0 excepl ons l
(a) when the rernforcement is congested and 100 rnnr d ameler cores arc

ther€lore ess l ike y to conlarn preces of steel:
( b )  w h e n s a m p l i n g d e e p e r t h a n l 5 0  ( b )  w h e n  u s e  o f  a  1 5 0  m m  d r i l l  b i t

mm from the surface s noi de
s red (€.9. when the compres
s on concfeie ln a shal low beam
o r  s a b  i s  l e s s  t h a n  1 5 0  m m

and reject ion of unrepresenla-
t ive concrete wi l l  not p€rmit  the
production of a lesl core of

r h  c k ) .
Except on (b) above is based on the fact that test cores may not.  under

this Procedure. have a length less than one d ameter no. q.eater than two
L . I .  c L c  s .  \ l '  |  - p p . l  l o r  r ' , 1 .  I n  g ^ . , " , J | .
preferred to long cores (length/diameter, I = 1-

Note .  Th  s  p r . le re fce  is  based on  a  cons idera l  on  or  scvcrar ra . to rs
( l  )  S h o r t c o r e s h a v e a O e o m e t r y c o s e r r o t h a l o l c u b e s l h a n l o n q c o r e s . C o . s e q u e n t y -

compressve les tng  mach ines  wh ich  per io rm sa t is fac lo r i l y  when tes tnq  cubes
shou d  a lso  pedorm sa t rs ia . ro r  l y  whe.  Ies r i .g  thon cores .  Lono .o res .  on  the  o ther
hand.  may be  suscept rb l€  lo  a  la re . r ,  and orhe 'w lse  rndc ] . . t .d .  i ru  I  in  the  mach fe
(p .ss  b  y  'esu  I inq  f rom p la re .  fo la l ion  !nder  oad)  and ia  !nd€r  a  conbnra l io f  o l
compresson a .d  bend ing ,  wrh  a  reduc t ion  in  l l re  subseq!en l  es ln ra le  o l  Pote f l  a

(2 )  LonO cores ,  pan icu lanv  l i  e i rac led  t rom s le .der  sec l io ied  e  ene.c  may varv  n
vo ldage aong lhen cns lh  l lence.  wh s t  the '  ra r l re  oad,  and the  subsequ€n l
es tmale  ! i  Fo tenra l  S l 'e fs th  wh ich  nay  be  dade w i r  b .  symptomalc  o r  lhe
secr  .n  o i  co ,e  h iv .g  rhe  qrearesr  vo  dagc .  .ny  a  ow6rce  n i rde  f . r  rhe  e l lec t  o f
vo  ds  w I  be  based on  the  ave .aqe (over  a r  )  lo idage o f  the  .o tc  and.  a5  6  conse
q! , :ncc .  rnc  cs t rma lc  o i  Po lcn t ia l  S l renq lhw I  l ,e  depresscd

(3)  1 t r , )  reLr tn )  r  be twcef  c r t i4  . r ( l  {ve  s r rc fq rh  s  .  e r r l y  { l . r ) . ' xn r , r  uD.n  l } rc  d  I
l c , r )  rccs  , r  ! .oncuy  o l  r l , f  1  r l i  l  l J  I  r  I  i r . . ' i  r r i ( i  J t . r i !  r l  1 r '  l r c
Jor  n !  rc  s lvc f  I  c ia lse  3  5  2 .1 .  How€ver
d  I re ren t  te5r  v6 '  ab le r  a re  be  .g  compafed,  rhe t r  ' c la l ro f  lo  ea .h  o lh . r  i s  no t  !n  . rue
and may be  In fuen.ed  lo  some degree by  many l l c lo rs  o lh . r  l r ran  ( . l | l s .ase)
geomel ry  a lone For  th rs  re ison .  i l  i s  a rsLed tha t  the  !se  . t  sh .n  co .es  (havrna

seonr . r i y  c  ose  to  lhar  o i  cubes)  p resen ls  a  co , ,e r . to f  b
res t leasr  f { rue .ced bvconsrdcra tonso imach ines€nt l , v ' ry  ( re leaed lo i i  l .bo ! . ) .
. ! ! r re9a1c  lypc  and s  2e . .emen l  type .  wor tabr  l y lev .  o f  lhe  cor . re lewh.n  p lacer i

Porss . f  s rn l  o  and p  a i .n  rcs l ra  n l .  e l r , .
(4 )  Frome emei rso lsnra l  sec t |on ,shor tcoresaromote  re rd  l y  Db l . r ! red  Ihan lo r ! r  !nes
(5)  The ower  d r / ,nC cosc  assocated  wnh nro . t  co ,es  . rc  . !  den l l v  desrabe 3rd

ame rora le  the  !n lo r luna le  requ rement  .  sone cascs  lo r  r€ l€ .1 ro .  o l  unrep '€sen
tar  vc  concre le tom l l r€  tes t  €n ! l lh .

(6) Theweat€r n!r ol tlie ele'nenl, daniage to rainfor.ement, ard crlcft ol 'naktrg oood

€r. sh€ffi.i!'

{

Dia . Tesr  Poss ib le  p rob  €ms

t 5 0

1 5 0 1 5 0 1 5 0

1 5 0

t ! 0May nc lude s rcc lbars  rn  les t

Ma!  samp e  concr€ le  to  a
greater deprh rhan destred

May inc  !de  s lee l  bars  In tes t

Nor  perm t ted  lo rsampl  ng
s  abs  rh i iner than 200 on . '

1 0 0 100 r 0 0N. t  pc fm r ted  i l  nomi .a l
t r .q , .qnrc  n / . , )x .c .ds  25  nrnr .
L ' l ry  snn ,p l . .o fL 'c rc  n l  esse .
der rh  Iha .  des , icd  ( r f  shor t

May Fr lducc  less  re  iab  e

Nor  perm r red  I  nomina
. .n .o , r r l .  s  zc  cx .ce . ls  25  mm-
or  1 . ,  ! . r , r t l r ' . J  5  rb t  rh  nncr

N lay  p 'od ! .c  less  re lab le
200

,  , i  1 4
..1

' n  a l  case!  lhc  rcs r  leng th  o t  core  mus l  no l  rnc  ude unrept .sen te tve
co. . re re  Avo idance o l  th rs  co f . Ie r .  wh€n nr i  inq  in lo  the  s rdes  or

so t l f t  o f  d€ep e .mcf ls  i J  ce i .  a  y  c rsv  bu t  when dn lL .q  down

wa( ls  rhe  dept l i  o t  .o r .g  mus l  d l  o r  l . r  rhe  s !bseq le f i  re iec t io .  o f



u  r cp rcsc ' , l J l  v c  Lo r i . J . r t e  l ' ! r i
d f l  r ed  l r om  thc  ! p !o r  s ! r l a { j e

l r rc  l . '  .n , r rh  T l ius .  I  a  s  ab  rs  ro  be
r ls  d .p rh  wr l  d . ra le  the  teng lh  o i

re.ov.r.d' reje.red

200

1 5 0

300

240

I511

1 5 0
1 0 0

1 5 0

1 0 0

' 5 0

50

214-340

zaa 254
r 5 0  2 5 0

2At)
r50  200

1 5 0

I50-240
1AO-200

r50 200
r00-200

1 5 0
r00-r50

100

)

50
5o

50

r w h . r ,  a r  l r f !  l c , . 1 , . r  1 l ( , l !  I r l t r ( . L , n f  , , , 1 r , ,  o  { r  e n t ,  i t  i s  r e c o r n -
mende. l  Io  d r  b .y . ' ,d  r l rc ,c ! ! red  d  s tan .e  to  ensure  r t ia t  ad€q!are
ieng lh  i s  re .over€d on  ex t rac l  on .

P /3.2.2.1 Ancillaty dara
The basrc method o i  est lnrar ing Potenl ia l  Strenglh g iven
by ih s  Procedure assumes that  suspecl  concrete rs  w€l l
compacl€d afd of  normal  cunng h is lory t  may be neces-
sary 10 make spec a l  adlLrs lmenls lo  Est  maied Polenl ia l
Sl rergths.  however.  for  compaclron or  lor  cur i fg  l f  er ther
has baen abnormai  The fo l iow ng anc lary data should
therefore b€ obla ined i f  an l icrpat  of  of  ne€d

(a) Patentia/Denstty of concrc@
The Potent ia l  Denshy o{  concre le (Dpl  is  the 28 day cube
densi ly ,  dete.mined by d isplacemont ,  which would have
been obta ined i rom wel l  compacted cubes made and cured
in accordance wi lh  BS 1881.

Where lh€ 28 day dens l res o i  cubes taken f rom the
suspccl  concrc lc  r ic  fo t  n d spl r lc .  I  rcr r  averagc shou d

Whorc v: l  d  cubc densr t res lor  thc suspect  concrete are
not  ava ab e.  how€ver.  Do should be est imat€d f rom rhe
mean densi ty  of  ?8 d.y.ubes lak-an { rom the same mrx
(ass!nrrng lh€se are val rd) .  adt !s ted for  any agre€d del r -
c iencies in  the suspect  concre l€.  As a work i rg ru le t  may
be assumed that ,  wi l t r  t l re  exceptron ot  concrete so grossly
^  \ 1  . ,  / . . : d  l o t d . 6 b , p r  n o r  i i  l r 9 . r , , d b p d . l t  F s p e .  _

f ied grade or othe.w se acceplable concrele ( i  e.  concrete
which shou d not trave been p ;ced al  al l ) .  agreed evrdence
ol excessrve workabl l i ty or moderale misbatching can be
regirded as reduc ng cube dcns ly by 1% (or 29'o for both)
In cascs whcrc cvcn thc mero dcrsrty of 28 day cubes ior
the m x s not avarlable (pe.haps bec.use the vo umes ol
cubes h.ve nol been determined by walcr drsp nc-omenr).
r ' , ' r l ' ! 1 , ,  r r . , l ,  ! , 1 |  , . | ! . 1  l r  I ' ,  r i  ' r r , . ' r l r ' ! i , , ' , r l y l , l
t l re  nrx s Ic ,u l ( ]  r l r l ) roxrnra lc ly  c( tLr l  l l io  p l rs l io  densi ty
(wh€re known) + rhc ceme.t  cof ient  of  the m x (kg/mr)
d ivrded by 20

(b) Cunng histary
The cur ing h is lory of  the s!spect  concrete should be detet
mined f rom s i le  and meieorological  records \ , \ r  th  regard to:
( ' l )  anrb icnt  cof . l i l rons \ . !hcn p accdl
(2)  protec l  on and curns provided;
(3)  a! lo  . l  rcnrov| l  o f  for . fwork i
(4)  leve ot lempef . ture.ndhunr d tyoverpenodbelween

p  a c r n g  a n o  c o n f g
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3.2.2.8 Tesring labofatory
The lesl ing laboralory selecled tor the preparat ion and r€st ing ot cor€s
should be appraised and agreed as acceptabte ro the interesred panies
regarl ing i ts capabr|1y 10r conduct ing the necessary eramiral ion. dersr ly
tests.  capp rg and compress ve testrng ro the requ rem€nrs ol  drs pro
cedure. Partcular at lenl ion shoutd be pad lo rcceft  v€r t icar ions of the
p e ' f o , ' n d  . " o '  l  e ,  o r D ' e 5 9 r , e r - s l r r g - a . h t n p .

3.2.2.9 Bequired strengrh levels
The dr i l l ing and test ing of cores should not proceed unt i t  an underslanding
has been reached fegarding ihe levels required fof estimares of Actual or
Potent ial  Srrength, special  al tenion being paid 10 correcr ons for the pre-
sence ot s l€el  or excessrve vords rn thc cores. and ab|ormat cur n.r-  (sce
sect ion 3.5.2 and App€ndixes 1o 4).  A course of aclron n the evenl of  an
est male being inconclusive should also be agr€ed.

3.2.2.10 Suparuision
In addi l ion to the provision of dr i l Ing eq! prnenr and scrvrccs. rhe cu ing
of cores requires supervision by a responsible person acceplabte ro rhe

The dr l l ing supervrsor should be capable of using hls judgement lo see
that unnecessa.y damage 10 t l re structure is avoided and ensur ng that each
core s prop€ry dr i l lcd. extracted and tabel ied He shoLr d also providc I
l ia ison belween the var ious inlerested part  es. lhe dr ng contractor afd
 re test ng aboratory

The br ief  to the dr i l i ing superuisor should cove he tol lowing:

:

t i' ' t i

jt :,

3-3 Obraini ' r9 the cores

3.3.1 General
Obta;n,ng rhe corcs involvesthe dr i l l ing,
f 'cat ion ol  lhe cores, th€ recording of
lengths and despalch to the laboratory.

3.3.2.1 Dr i l l ing and Ext fact lon
Test  cores should be dr i l led by a sk i l led operator  us ing wel l  mainta ined
equipmenl  comp y ing wl th the d mensional  rcqui rcnienls  o l  US 4019 :  Par t
2.  D amond impregnated-  waler  coo ed b i ts  may be dr iven by e lec l r  c  or
a i r  drrv€n morors.  but  r t  should be noled that  considor3 l ions of  e ecrr lca l
safety wl l  form. ly  prccudc thc uso ot  o loct r ic  morofs when dr i l |nr

The dnl l  should be kept  r ig ld ly  posi t ioned dur ing cor i rg.  by brac ing or
kenl lodle.  otheM se b id y  r  dQed or  curved cor€s may be obta ined wrrh
possib le reducl ion in  measured s l renglh.

extrac l ion,  examinal ion and idenl i
re levant  data,  designar ion of  lest

(3 )

( 1 )

(4)

(5)

t2)

The exact locat ion of the suspeci concrete and any pan of h
deemed unsuitable for coing ( ie.  unleprcsenlar ive concrete),
and the probable locat ion of steel l ikely to l ie wi lhin the dr l l l ing

The diameler and number of test cores requirad and lhe corres-
pon.: inq dr i l l ing poinls on lhe surface of the suspect concrete.
The deprh of concret€ to be ex&acted from each locarion, the
pan of rhat depth which is to be the test lenglh and the procedure
ro beadopted i ta core breaks ol f  ar lessrhan ihelarget length.
Procedure to be adopted if inspeclion of the corc reveals fearures
which may inval idate the resuk or affecl  i ts in lerpretal ion, e.g.
undef -compact ion; steel;  cracks.
lnstructions to be given to the tesling laboralory.

q:--.---_-
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Care mLjst be iak€n 1c) ensure that a sul table and unrform pressure s
app r€d to the dr i l l  b t  such th.r  rhe opt mum dri t  ncr rate fo he cofcr€te rs
achieved.Tool i l l  epressurewrt pr€ventthedra'nondcu rngacl ion. lvhefe_
as too great a pressure wrl  cause excessive dt6mond wear

Belofc any corc rs brokcn ou r.  i l  is ncccssaryto crrsur{r  thr l l l ro dcl) t / rd lo,J
is not less lhan thal  planned. l f .  unexpecledly.  s l€et has be€n encounrerert
(evidenced by change in dr i l l lng nose or spe€d. or coour of cootng
ei{ luent).  the supervisor shoutd make use ol  hrs br ief  lo dccide whether
rh s s acceptable. h,herher to dr i t t  furrher in order io obl.  n a sreet free' p r  o ( l  . o ' w h e l l  "  r o a r l l d  e p t , r p n e n l r o , "

Core removal s usual ly ach eved sarrsfactof i ty by nscr lron of a cotd
chrse down the side of the core to cause bfeaking off  at  or cose to lhd
bottom ol the dr i l  ed iength, fol lowed by extract ion us ng the dr i I  or rongs

The superv sor should satrsfy htmself  ihat rhe drt  ng m,"rhods b€ing
!sed are nol causrng srgnfrcant distort ton or damage to dre cores.

3.3.2.2 lxaminal ion
On extraction, each core should be examined by lhe superujsor to ensure
that lhe requircd test lenglh can be obtained (pr€ferabty st€el t reej  and. in
the case of cores for Polenttal  Slrenglh .Jeterm nat on, Iot  containtog
poorly compacted concrete) I t  thjs is not the c.se. extra cores shoutd be
dri l led from ocarions adlacent to ihose of th€ retecled cores

The relected cores may be required 10 be relained for iur lher examinat on.

3.3.2.3 Core idenl i f  icat ion
Each corc should be given a disl inct,  unique and indet ible code number
whrch s marked or the cut surface within the exp€cled rest cngth .nd
cross-reTerenced of a srmp e sketch of the element dr ed f l6rks should
also be made on th€ core ro tndrcate distanc€s In,ni  rm€lrcs from rhe
df i i Ing surface so ihat rhe exacr tocarion in rhe etemenr from whrctr  l t re test
core came can be conlrrmeci even when the ends have been t  mmed.

3.3.2.4 Dri l l ingreporr
The superuisor should prepare, whi le the df i  ins work proceeds, a simpte
recod of any observat ions i ikely to have a bearing on the vat idiry of inter-
pretatron of lhe cofe test resutts.  This record, together with the dr i  ing
locanons and core idenl i f icar ion feference numberc, const i turcs lhe dr i l ing

3.3-2-5 Designat ion of resr lengrh and despatch to the taboratory
The supervisor should ensure lhat rhe cores arc desparched to the resr ing
laboralory without damage rogerher with instucr ions as to which pa of
each (relai ive lo the dr i l l ing depth marks) is to be capped, examined,
photographed and rested.

/r  desrgnat ing t i r !  test lengrh of the as dr l ted core.thesuperuisorshoutd
ensure compl iancewith the intent ionsofthe inreresred part ies and with the
fol lowing rules, where possible (rute 1 being more mpo(anl lhan rute 2
eic).

S)de vtew af d"Ied carc. berote
ttnnrn9, sha||tng natks at 5A nn
spadnq neasurcd lram dtlrnq sutlace.
an.l alsa code nunber for d,pn tircaton
Flac.cl ||tthin lengtll rltaris --xpccterl
Ia be usedas the testlength.
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Tlrc tcst  lcr )g lh sh0Lr ld
thaf  ofe nor  more lhan
th.n 1 2 d iamelers

be. . l ter t rmm ng and c.pprng- rot ass
1wo d rmelers. and preler.bly fot  more

(4)  Sccl  ons cof t r l r  ng nru l l  p le
be nc uded in the test  length.

(5)  Sect ions conta in ng on€ smal l  bar  should not  bo rnc luded
l€st  l€ i rgt l r .

t h e

3.4.2.2 Examinat ion
Thc labor i lory shoold cx.nr inc.Dd phoroorapl r  (scc a lso Ar)rxxrd ix  2)  e i ( i l ,
test  core in  accordance wi th inst ruct ions g iven by the dr i l l lng superv isor .
Notes wi l l  normal ly  be fequi fed of  the fo l lowing.

3.4 Laboratory work

3-4-1 General
Laboratory work covers the tr imming, capping and lesl ing of each cofe,
together with an eraminal ion ( including assessment of voidage) and den-

3.4.2.1 Tr imming to resi  lensth
The laboratory should tr im each core (see clause 3.1.5 ol  BS 1881 :  Pan 4)
in accordance with instruct ions given by the dr i l l ing supervisor,  ens!nfg
rhat tho tr  mrned lcnglh rs fot  less rhan 95% of ls dirnrcror nor l ike y ro
e x c c c ( r  1 s r ( t r '  1 l i .  r i i r r i o l . r  h ' l r c n  c a ! p c d  l r r n r r i f i l  w r l l r  i r  n r r s o n r y . r
dirn)o )a : j rw rs rrrcf t i rcr l .  bul  crfcfu l i !nr l  t r  r fnl fg rruy l r{r  r  r . (r t ) t r l r lc

(2) Sect ofs showifq poor com
prcl  orr  0r olrre.  deTecls
s l r o u  d  n o t  b c  r c l u d c d  r r  t h e
lesl  lengtfr .

( 3 )  U n r € p r c s € n l r t i v c  c o n c r e t e
(upper 20%. 50 mm min
rmunr or 300 mm maxrmum)
of the lJt  depth shou d not
be lncluded n lhelest length.

or ld.gc p c{ i , - 's ol  s l1]ol  5l , r}uld not

L IS  l 88 l  Pa , r  d  c l a , , ! c3 .1  3 .  Ovcs  r  n r c thD . l  o f . oss  t yu l r l hc . x lDn l ! l  ! o ' 1 r , , , ,  l l n '
bas  s  o l  t he  r  nLmber  a rn  s i ze  d i s r '  b l r  . n  Th i s  mdhod  docs  f o r  ho , r cv€ r .  enab  €  a

d i , - o . r es r  n ra r . o l r hcpc rce r l aq€o i vo  r l 5  t o  be  n rade  Appen l , x  7 l o  t h  s  Pocea ! req  v . s

a  me th l d  n l  es l  ma t i f g  vo i da le  wh .h  may  wc l l .  wnh  c tpe r . . . .  r r  1 r  ! se .1 .d  l avo ! ,

! . , s o f . f  l i c  8 5  l a S l  ( l , r s . l i { i . t ( t r ,  r f t i  I L , v , r  p , . r . , r ) .  t ,  1 r c
d . r . r n r  f '  on  r l yo  t r r ! .  r , o ! '  f . f !  l !  l . . l s

Comnr€ f r s  , eo . rd .q  t he .pp . r . n t  c€mer t . o . t en t  o I  l l r e . ! r . Je te  and  13  o , . r . a l
{ a i c r . . n ren r  sh . !  d  on  !  5e  mar l e  t r y  a f  e rDe ,  en .e . l  . o f . , . r .  r . .  r . . .  . ! , i r  ann  s l r . !  d

a  ! ! i y5  I  r  . i ! J  { , r h  . . ! r  o .

( a l
( b )

( c )

Any lack of  homogenei ty  of the concrete wi th in or  between cores.
The extent  otvoidsvis ib le on thedr i l led sur face,  par l icu lar ly those
which fofm honeycombing.
The posi t ion of  cracks,  dr i l l ins damase or  s teel ,  defects and in
c lus ions s l rou d be nrarkod on the corc.  .nd skc lch rccords madc
oi  thei r  ocal jons and s ze re lat ive to t l re  over 'a l l  qeomelry of  the

The approximate s ize of  the aggregate and i ts  type (bear  ng in
mind rhar  cur  aggregal€ usual lv  ooks smal l  and.  n rhe case of
gravels.  more var iable in  lype th.n mlght  have been expecto i l )
Whot l ror  thc n! rqr ' ror i r i . rcct r r  ( !n l rnu. ,us ly  or  Urp qrr ( led.  &rd
rny d J i , rc l ive lealures o i  t l re  f ine iggregr le

1 8



t x a h n a l o f  a f . J  p h o l o g r a D h ' . !  l n d e r  d , { l e , e n t  m o n u r c . o n d l . r s . . n  i s n s t  ' n
h  gh l  ! rh t .q  spe.  , r .  l ca lu res ,  e .0  a  we l  s ! ' race  is  p 'e i€ 'ab le  lo r  !  ew nq thc  tVpc .  !zc
and d  s l r  bu l  on  o1  a . lg regnre t  a  n ry  s ! r la .e  i s  Dre 'e 'ab  e  lo r  v .wr r r  !o ' i1s  . r i . l s  r .d

/ s.+.2.2 T* a'
Cores should be cappod with hish alumina cement mortar or sulphur in
accordance with clause 5.5.2 of 8S 1881 :  Pad 3.

i r  { l l  Orh . r  'ne lhods  s l roo ld  no t  l re  used.  l f  p , r l . ! ra r .  p l l ycsr r ,  . s f  J , r l  0 r .s r . r  l yp .

f mderials aie k.o$r to (:rive lrreliable rcsu rs Caps-ho! | be kcDl aj 0i n as Doss b e

i  (2 )  WIhca.e fu  hand l .  mminq o l  lhe  .o re ,  rhe  .ap  t l i  ckness  shou d  v3 .y  1 .om a  rew
I  i  m ' l  meves  ro  l1 r  e  n ro ,e  l l ran  rhe  max mum agqreoa lo  s rTe ove '  lh -p . r .s r  se . l io . i  a , .a

r i  n  r r r . l  lo r  20  , ,  i r  r . J ! r  . l r i r , , )  l l r t r  !  ! l  r l l o  r  r !  !  rv .  r t r  r  !  ! l r  r  u  , l f , r  , ,1 )1 ! r  i t , ; ! r '  l
o '  oamage Io  coa 'se  asEreqs le  par r  c  cs

3.4 2.4 Density d€lerminal ion

The densri ies oJ cores provide general ly us-oful  lnfor al  on for in lerpretalron
of strenglh and in the case ol  esl imat ion of Potenl ial  Srrength pfovid€ v tal
quanl tatrve and oblecl iva data for est m.l i rg vo drge. The measurement oI
Actual Density is therefore recommended in al l  cases, us!ng lhe {ol low ng

(a) lmmediat€ly pr ior lo capping. the t . immed core shou d be soaked in
wat€r ior ong enough (half  an hour is usual ly suf i  c ienl)  ior i rn .ccut
ate and repeatable delermrnat on to be made of the core volume ( l -{ , /
by drsplacement in waler !s ng a melhod suclr  as that q ver rn Sect on
2  o f  B S  1 8 8 1  P a r l  5 .

(b) The core should then be capped (after al low n.q r l  to dry i f  sulphur sand
capping rs 10 be used),  part icu ar care being laken to prevent arr I rom
being entrapped between the core and the capp ng mBteria i f  the
densityofthecapp ng mater ials is notknown fromexpar efce 10 b€t1€r
than 11%. a specrmen should be made ard stored in \ ' ! i ler with lh€
cor€s, and ts densLly fr . /  determined pr ior lo core lesl ine.

(c) After storage ln water.  and immediarely pr ior to conrprcssivc tesl  n! t
the capped core should be weighed ir  .  r  ( i f  lhe so.k,"d bur sur iac,"
dry cordr lron) ard r f  water to delernrfe ts gross welr l r t  r / l ,V,,  afd
volume fY, l .

(d) The wat€r 'soaked d€nsrty ofthe concret€ n the urcapped core fD, l
miy then l l .  c; ' l .u l . rcn l ronr

w1 D'(vl v ')

Note .  t  the  corc  con la ins  5 tee .  rs r ro !d
6fd seishe'j /14t1. rs vo !ne /41 n.y be
n a  measur  f  a  cy  inder  o lwater .  T l r€ f

Le  er r ,dcred  ar lc r  r l re .o rc  c
dc ic im.cd  by  d  sp l i . . x i . , , in l  r l rc  menrs .us

n\ D,(v\  h) t \ :

3.4.2.5 Tesling rhe core
The coreshould betesred not lessthan 2daysaf iercapp ng and immersing
in waler as required by BS 1881 :  Parl  3,  c lause 5.5.2 and Parl  4,  c lause
32.2.

The avelage diameter oi  the core should be calculated in accordance
with clause 3.1.4 of BS 1881 :  Part  4 but to the nearest mi l l imelre. and ns
dvcr iqn cross. '  r l ionr  , , rc1 ,  i l .u ln lcd

The length of  the capped core should be measured lo the nearesl  mi l l -
imel fe and the length/d iameter  rat io ,  ) . ,  ca lcula led.

The core should be lested in  compression in  accordanc€ wi lh  c lauses
3.2.1 103.2.4of  8S1881 :  Paf t  4 ,  ihe mode of  fa i lure belng noled and a
sketch d iagram made i f th is  is  unusual .  Themaximum load susla ined by lhe
core is  the6 d iv ided by i rs  cross-secl ional  area to establ ish the Core
Strength.
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Noto  Expcr  cnce s !ggcs ls  l l ra t  c  s . l i s fac to ry  n roda o l . . re  l i r i ! k r  s  onc  rnvo  v  rg
(a)  fo  s ign i f  canr  dam39c or  c rnck  .9  o l  t r re .aps l
lb )  no  oss  or  b lnd  be lwccn r .ap  and the  co ,e  d rd
( . )  s ,m la rc 'ac( rnOv s  b€a l  a round i f re  . t rc !n r re rende or  rhecore

T l r€  occuefce  o l  a  p rom nenr  d laoona l  shear  . rac l  i s  rhous l r l  lo  be  sa l  s lac to ry  I
ons  c ) res ,  bur  sho!  d  be  repor red  t  assoc  a ted  w i lh  3 r ro r t  . . r . s  ( r  <  I  2 )  o f  w  lh  re rn

lo rceren torhoneycof fbqg to  a rd  ln ic rp fe t . l  on  o f  rh€  res !  r

3.5 Est imating Actual or Pot€nt ial  Strength

3.5.1 General
The Core Strength r .ay now be converted ro hs equivalent est imale of
Actual or Polenl ial  Slrength in terms of cube srrength.

In the case ot ActLral  St.ength the est imate obtained wi l l  be
equivalenttothe cube strength of the concrete represenred
bylhecore, no rdjuslnr€Jr l  ber i l l  .qLr lr€d for locat of  n
the I  l l ,  degr€e of compacl ion or cuf lng. The re €vance of
these var ab es lo the est imates w l l  have been cons dered
in t l re or ig n: dccisianto nvest! . teAclulr l  Slrength. the
p anning oi  rhe core sampl ng and the interpretat on 10 be

3-5-2 Procedure

A/3.5.2.1 Est imation of Acr ua I  Strength
The estimation of Actual Slrength from the Core Srrength
involves corect ion for the basic d f ierences in shape be-
tween core and cube, and any possible di f ference in
or iental ion ( i .e.  r€lat  ve d recl ions of casl ing and oading
n the ccmpress ve test) .  These correct ions are a lowed for

rr  the fol lowin0 cqu. i  ons.

In the case of Potential Srrenglh rhe esrimate obtained will
be equivalent (subiecl  1o di t ferences in lesl  var iabi l i ty
betwccn coros and cubes) to the Slandard Cube Strenglh
at 28 days, by vinue of the special  core sampl ing proce-
dures used and the facrors incorporated in rhe est imate 10
take accounl ot  di f ferences in a9e, compact ion and curing
history, f romthoseofthe BS 1881 cube.

P/3.5.2.1 Est imation of Potent ial  Slrength
The est imation of Potent ial  Srrength from the Cofe
Strenglh involves conect ion for the basic di t fefences in
shape between core and cube, and any possjble diflerenco
in or ienlat ion ( i .e.  relat  ve direct ons oi  casl ing and load ng
in the compressive 1es0. as for rhe est imal ion of Aclual
S l r c f a l l '  ( s c e  c l i r , . o  A / 3 5 2 . 1 .  r , p p o s t . ) -  I n  a d d i t i o n ,
however, correctlons for diflerences in composiljon, com-
pacljon and curing history between core and cube must bs
laken Into account,

Beforc the est imation o{ PotcnrialStrength, j r  is neces,
sary to consider the data avai lable on the composjt ion,
compact ion and curing history of the suspect concrete
conlained in the core. l f  these are acceptably no.mal,
simple equal ions given below provide the required est i -
mate of Potenrial  Strengrh; i f  not,  more detai led calcula-
t ions wi l l  be involved.

la) Coitposnian. Provided cores consist tolally ol repre-
sentar ive concrete (r€. do nol Include concrete from the
upp€r 20%-mif mum 50 mm. max munr 300 mm-ol the
lLf l ) .  no al lowance is required for di f feren€e in composit ion
fromthat ofa cube sampled in accordance with BS 1881.

Farlure 1o exc ude unrepresenlalrve concrete from test
cores can cause depressron of the measured core stenglh
(and hence est mated Potent ial  Strength) by up to 30%
(depending upon the abnorma ly of composit ion and
cur ns hrstory).

(b) Conpactian. Prov;ded rhe Eslimated Excess Voidage
olthecore jszero (seeAppendrc€s 1 and2).  nocorrect ion
for dillerence in compadion between core and cube js
necessary. Where a signi f icant Excess Voidage is est im-
aled, however,  a corect ion (Append;x 1) should be ap,
pl ied in the equat;ons given below.

\cl Cunng histoty. Provided the cu.ing history is normal,
no correct ion is necessary. The curing h story, delerm ned
in accordance with .  ause P/3 2.2.1. can be regarded as

Est imared Actual Strcngth

, . 4
: :_-;:_:: - x Core Srrength

r ' c  +  r / ^

Ior cores dr i l led :n a honrontdl  direcl io ' l

Esl imated Actual Strength

2 g: - x u o r e s t r e n o t h
1  5  +  1 r .

for cores dr i l led in a vert ical  direct ion.



( i )  test cores hnve been cut J{orr n.nr n sLfface prolecle,: i
f ionr dryirg by lorfr \^( i rk lor scvrr i r  c l . rys or tronr an
upper sur lacb wth reject ion ol  a length o{ not less
than 50 nm adlacent to that sudace, and that

( r  )  a m b i e n t  c o n d i t o n s  h a v e  b e e n  l y p i c a l l y  ( f o r i h e  U K )
var rb e n bolh temperature and humidity over the
perod snce cast ing, wthout the suspect concrele
Deirg subjected to long periods during r ts early I le of
very high humidi ty ( foggy. damp weaiher or drrect
rainta l )  or dryrng weather (ow humidity and w nds
n warm weatnot,

Where cur ing history and other relevani lactors have
been abnormal,  a more rel iable est imate of Potent ial
Strenglh may be oblained by using the Procedure given in
Appendix 3, which should b€ refer.ed to in every case to
conl i rm whether or not i ts use is indicated by the cur ing
history of the suspect concrete.

Subject to rhe normalky of the suspect concrete regard-
ing composit ion, compact ion and curing, the Potent ial
Strcnglh may be est imated from the fol lowing equat ions.

Est imated Potent ial  Strengrh'

3 2 5. '  
i - :  rD 

x Lore srrensrn

for cores dr i l led in a horizontal  direcr ion

Est imaled Potenl ial  Strenglh'

= 
*l - 

" co'u st'"nsrtr

for corcs dr i l led in a vert ical  direct ion.

A/3.5.2.3 Signif icance of Est imated Actual Slrenglh
An individual est mate of Actual Slrength can be expected.
wirh 95% con{idefce, to l ie wrthin *12% oJ the true
Actual Strength of the concrete in ihe core. Corrcspond.
ingly.  rhe mean Esl imated Actual : l rergth obtained lrom
, cores can be rel ied upon, wrlh l l5% confrdence. as ly ng
wirh)n Llzvol\/n of the true average Actual Slrenglh of
the concrete rn the cores.

3.5.2.2 Cofiection of Estimated Actual or Potential Strength for the
presence of steel in the test core

lf, in spite of efforts to obtain test cores {ree of reinforcemenl, they do
conlain steel,  i t  becomes necessary to al low for the resul i ing reduct ion in
measured Core Strength (and hence the Actual or Potent ial  Strength
est mared according 1o clause 3.5.2.1) before intefpretat ion of the results
may take place. Appendix 4 glves guidance on the correct on wh ch may

'No te-  Bcca!se  the  s i r .nOlh  o f  concre lc  in  a  s l r !c1ure  r rc reases  in
ar  u fcc r l r i r  wdV a l tc r  211 d iys  , r id  s  u r  rkc ly  |  t r lo r t  s l rLc lu res  to
increase subs tan t  a  l y  over  a  per  od  o l  scvc .a l  months .  no  age a  low
ance is  JUsnf iab le .  e rcep l  rhen koowledse ex is ts  Io r  pa^  c ! ra r  c  r .
c !ms la .ccs .  To  .emovc doub ls  i t  s  obv ious ly  p rc le rab  e  io f  the  age
of lhecore les t lobens  near  28  days  as  maybeposs ib le .

P/3.5.2.3 Signif icance of Est imared Potenrial  Strength
The ndividua esl imal€s of Potenl ialStrenglh provided by
the four or morc r / , . /  corcs rcquirod undcr t l r is Procedu16.
arc separ. led Inlo the lowest and rhe remainder /n -  1).
The io lowrng ls then caiculaled.

Mean oi  remainder -  Lowest

Mean of rema nder .  6

21

1 0 0



l f  I  is greater lhan the ' . ,alue g ven by

5
6

2 1 1
2 4
2 1
2 0
1 9

3.6-2 Procedure

A/3.6.2-1 ActualSrrcnsth
The individual or mean est imales r f  Actual St lenglh may
be used in a number of ways depending upon the purpose
of rhe invest igat ion- Certain pornls should be oorne In

(1) Because this Procedure rcquires the lest core to be
soaked in water p. ior lo tes1. a reduclron (of up io abou!

2 2

'hl ]  owest resul l  is probab V ( in stat lst ical  terms. p > 0 95)
s gni i icant lV di f ferent from the othe,s and should be reiec-
ted i  there s evidence thai the core concerneo was aD-
normal in respect ol  locatron n the l i f t ,  s leel  contenl,
voidage. lack of homogeneity.  cracks or dr i l l ing damage
^nen cor ' lpdrod ! \r th I l  e o lher core\

l f  r  is grealer than the value grven bv:

P/3.6.2.1 Polenl ial  Strenglh
The mean Est imated Potenl ial  Slrenglh vielded by th€
procedure given in clartse P/3.5 2 3 can be rrsed ei lher for

comparison wi lh disPUted cube lesults or direcl ly with the

specif icat ion for lhe concrete-(and honce to assess the
polent al  serviceabi l i ty i  !  the element).
(1) Where comparison with ihe specif ical ion is the pr im-

4
5
6
l
I

4 3
3 2
2 8
2 6
2 5

'  the lc ' .^/est resulr  s irould i re reje.ted i rre-specl i . /e of olh€r

consideral ions /P : '  0 975).
The est imale of Potenlral  Slrenqth requ Ied iol  lur lher

inlerDretf l ion (sco sectron 3l i )  i '  i i rc nretn ol  lhe / ]
r icr i ! rdual est imat-"s or i l re / i  1 Indi ! idu' l  esl imales

rorni l rn ng . f tcr reJe(i t ion ol  l l ie lo ' \ rcst

N c i o  T l i ' a l ) ' r v r p r r { ! l r ( ' l " r L r r r ' l  l l i r L 3 t r ' r n a r l v  t ' r a s u l r s

f .cc5sr l . l .a  b !  l l . l i r ' l  l r rd l  i l r r ' v  !n / i co !n r " i  r r i  r t r 'nomena o l

derc . ts  'nnv  occas ion t l l v  p rod ! .e  a f  in r j v i ' l ! t  low a 'd  spur io !s

l l le  oc .u t r " "nce  o t  an  abnorm' lv  h  qh  5Dl ious
'd ,1 ,  Wherc .  l rowever , lhere  s  qood r t r5 'n  lo  doubr  the  va  id i l v  o l

an  rd rvdua l  h ig l i  t€s ! t  lhe  p 'o 'edure  qrven above mav be  useo

(subs l  tu l ing  h iqhen '  lo r  
' l owesf )  lo  de ' ide  vvhether  o '  no l  ro

rejecr i.

3.6 Interpretat ion of results

3.6.,  Generat

I t  is impossiblelorthese Procedufesto make conlprehensive and exhaustrve

recommrndat ions regarding the interpretat ion ol  est imates of Actual or

Potential Strength because of lhe wide Iange of situations and specifica

l ions which may be concerned. A number of points are g ven, however,

which i1 rnany cases mav provide a basic Procedure for resoi ' / rng

invesi igr l ion A worked example, demonslrat ng the use of the procedures

in a pfaot icr i  s lu. l ron. rs provided in Appendrx 5 (pnqcs 29 lo 31)



1 5%) in obseryed slrenqth relsl ive !  )  thal  i f  lhe (qencra y)
drer slruct!ra oc.1 on wi l  occur.  , \  so, the formulao used
for cst imat ng Actual Strefglh edrust lor a rV cr er) tr t  on

tropei €s which th€ core may pos::ss a l lerrng i rom those
oi n slandard casl  cube
(2) For lhe feasons given above a,rd bcctuse l l r -"  cst mate
of Actuai Slrenglh LS a (nol ional)  cube slrenglh. r t  should
nev€r be compsred direct ly wi lh ,  prrncrpal desrgn stress
lnstead. rhe Esl imated Actual Slrcngth should be com-
pared only with an appropriate fract ion of the ( l rue) cube

l i ,  {or example. a slrucluTe has Deer cesigned to lne
Brrt ish Slafdard Code of Pract ice CP r 10 (or rs otherw se
to have irs design compared wi lh lhe roqLr rcments oI thal
Code).  rhe osl i r)rato of Act!al  Slrongth obta nod Irom
cores (subject to the 10 €rance of 129/"/ \ / r ,  could be
required ro equale with lhe'design sl length -  equal 1.  t l re
'character ist ic s l length / tk,  div ided b' ,  the appropriate
safety factor for strength. (T ,) ' .  The qeneral  value of Y. is
1 5 and nray be regarded as approp'  ale even lor s lructures
l iable to conlaln saluraled concrete l lence, l lheslructure
in quest on can be rel ied upon to remarn dry under load
ihe Est imated Actual Strength cou d be cor ipared wrth
fkl(  5x1 1) or / r /1 65 ( lhe value ol  1 1 being a 'safe'

al lowance for the di l ference In str€ngth between wel and

l f  l h e  E s t j n r a l a d  A c l u a l  S t r e n g t h  - 1 2 % / \ / / ]  i s  l r g h e r
than {/1 5 or /r /1 65 (as appropr i le) ihe element mav be
deeme.l  saie i rrespecl ive of the l i lcal ion of the concrele
i n  i l .

l l  !ow)r.  i t  wr I  becomo nccessaf/  to compare the Esl lm'
aied Act! l l r l  St ien0lh and ts lolerrrncL' , i i  !12%l\/nwih
the va Lre ol  l r l1 5 or fr l1 65 scalc,  r io\ !  I  accorclng io the
r€duct orr  in slress lev€l expecled lct  the suspect concrete
relal ive to the nraximum for lhe elemerl  (r  e.  ral  o.4 grven

in c ausc A/3.1 .2 3).

ary purpose. the mean [st imaled Polenl ial  Strenglh fP,
plus i ts lo lerance of 115% should l l rst  be compared wi lh
rhe minimum cube slrenglh peani l led bY the specif icat ion

For €xamplc. CP 1 10 LJern ls .  t  f i  i i rnr cube st lcngt l :
oi  85% of thc 3peci l  ed chrracl-" i  st ic valu. i  /Cr '  Tlrcr '
( a )  f  P : - '  C t h e r e  s l L t r e d o u b l t h a t l l r e c o n c r e t c p r o v r d e c j

1or the rnan!faclure oi  lhe €lement compl ied w th lhe
sp€c f icat ion m nimurn cub€ st l€rgth.

0.85
N o t € . 0 7 4 : i l 5

(c) l f  C > P > 0 74C t l re case is 'not proven .
In si tuat ion (a).  there is now no r€ason lo s{ ispect the

potent i . lquaI lyofthe concrele and further lnlerest,  rT any,
' / r 'ould be focus€d on Aclual Strenglh

ln sl tuat ion (b).  the non-cof iplrance of the Polent ial
Strength ol  lhe concrete rs eslabl ished. However.  i t  is st l l l
possiblelhai .evenlhoughlheeler.entconlainssub specr-
{rcat ion concrete. i t  may be found to have 3n acceptable
potent ial  serv ceabiI ty by apply ng the procedure given rn
Clause A/3.1.2.3. P I  157o being g v-on the ro e. rn ratro
(B).  al  cube sirength (proven) of susp€cl concrele.
Alternat vely. .rhere lhe cores dr i l led {or the deierminat ion
of Potentral  Slrength afc doamod appropr . ta 10 th€ eslrma'
t ion of Aclual Strength by th-" procedure g ven in clause
A/ '3.5.2.1. the resu ls obtained nray be used accordrng to
clause A/3.6.2.1 1,r  estabIsh lhe d.tua serviconb L' lv ol

In si tual lon (c).  enq neer n!r  tudqernent must be apl) l  !d
1C delormrnc a cor irsc oi  act orr  l rel ' . re. '  '  th;r i  l . r r : r i ! . r i l rors
(a) and (b) accordi f l r  to t  re vn ue oi  P re al i \ ,e to C and
o 14C.
(2) Where comparison with r  disputed cube result  is lhe
primary purpose, ihe mean Esl inrated Polent ial  Slrenglh

/P/ plus i is tolerance should ' i rst  be conrpar.d wi l l r  the
disputed cube lest result  / / /  and i ls test ing tolerance ol
about t  5%.

(a) i f  P > I  244 lhere is

I {J5
N o r e . r 2 a = 6 _ ;

(b)  i l  P < 0 83t  there rs  l i t l ie  doubt  lhat  the cube resul t

was not  depressed bv fa i lure to test  to  BS 1881.

0 9 5
N o t e .  o B 3 = J : l -

( c )  r l  I  2 4 1 "  P  0  8 1 f  r 1 p  c d ' e , s  o r  o r o \ p n

In s i tuat ion (a) .  there is  now no reason lo suspecl  the
potent ia l  qual i ty  oI  thc concrete i rnd Iur t Iar  in lerest ,  I t  any,

woul .J  be {ocus€d on ihe cube l€s l lng procedufes ano
possib ly  A. tual  Sl refs th

In srrLrr ! jc , r  (b) .  the norr  , )oorr j  i , rce o l  the Polent ia l
s L . o a l r  , , I . t  ,  6  ' f r , . , , r | t  .  I  l i . . o .

ol7 f  5 ' l l  vr ' :1 ,  r  r .J  nr  I  mrnr  p€i  nr1 le{ l  by l l ro  spFci l ica l ron.
wrthoui  lu  r i  rer  u l t i l .a t  on o l  thc less reIable est i f i ra le ob-

ta ined t rom cores (P) .  Hawe\et .  t  is  s l i l l  possib le that .
ev€n l l lougl i  the € i - "ment  conla ns sub specr l  ca l  on con-
cre le,  r t  t r l l ly  f ro tound 10 rav.  an ac.err iabie polenl ia l

serv iceabr l ly  by apply fg the t , ' rocedLire grve|r  r r  c lauss

S P < 014C, there s l t l le doubl lhat the concrete
provrded for the manuf.cture of the e ement . l r . j  not
comp y wrt l r  tha speci l ic. l  on nr inim!m cube stren!th,

doubt that the cube result

23,
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A13.1.23, f  i5% being given the role in tal io f8, '  o l
'cubestr€ngth (proven) of s!spect concrele" Alternatrvely '

where the cores dr i lcd for lhe delermirrat ion ol  Potent ial

Strenqth are deemed apprcpriate 10 ihe 'sr malron ' i

A c t u a l s l r e n q l h b v l h € p r o . e d u r e g i v c n i n c l F ! s a A / 3  5  2  1 '

the rosLrl ts obtalned may be used accordlng 10 clause

A/3.6.2.1 (and clause A/3 1 2 3) 1()  establ ish l i re actual

serviceabi l i lY of the elemenl.
In si tuat ion (c),  ergineering judgemenl musr be appl ied

to determrr ie a coLrrsc ol  act ion bel\ /een lhat for s irual ions

(a) and (bi  according lc the value of P relar ive to '1 24f

and 0 B3f.

Appendix 1 to Part  3:  Corrsct ing core st tength for the inf luenc€

ot ExcDss Voidage
Th€ Excess Voldage of a core is lhat amount by whlch the AclualVoid€g€

exceeds the voidage of a wel l  made cube of the same concrete ( lne

Potenl ialVoidage).  Since the Polent ialVoidage is never known in praclrcal

si tual ions. i ts value ls asslrmc. l  ' r 'here necersary to be 0'5%

Exccss V. lago connot €asi ly bo dolerminod wi lh procision'  but two

independent melhods of esl imal ing i t  are recommended

(1) By visualmeans (seeAppendix 2)

inis m,: t loa is subject ive bui independent of information other than that

evidenced bY the c;re i tsel t  and the assumption ihal  the Potenl ial  Voldage

is 0 5%.

(2) h')n Censlv test resut6
i tr ls m,: tncO is onject lve but dependent upon the precision w th which the

Porenl al  DensitY ol  the concrele has been establ ished and upon lhe oegree

of walcr satulat ion ofthevolds.
ln 1l  e d€rrs 1Y lest Inethod lhe Excess VoLdage of a core s gr\ '€f  iy the

n  - F
' i l  : ' ' " 1 ' 3 "

,o k x 100i1

vr ' l rere /D-) Ls the Potelr t lo l  Densi lv (elausu Pi322 t) :  (D')  ls I  r ' r  n ' iu l l

Densi iy o? the core waler soaked (clause 3'4 2 ?i) ;  1000 s the densrty or

water (al l  three densi ly values belng express€d n kg/mr) i  and k rs the

ir"" t i . i  or rn" * i l t  in the core tesult  ng from imperfect compacl on and

f i l led yr ' i th waler when D" is measurcd'' ' ' ' r " t  
u "rLu" oi t ' .  " ."" ;ed to be 0 5 unless thete are agreed leasons for

adopt ng arolher value so that

Estlmated Ex.€ss voidas e = 4-:!I x rcov"

Nore .  Ahho. ! l  th€  cap i la r ies  in  the  cement  mdfx  o f  'ondete  lose  wat€r  to  lhe
l o  7 d "  ' c o d  " 5

i ; , . ; ; l  ; " , ; .  F ; " ; ; ;  ; " a r , a L n o l o , , h o " ' L  a L o "  ( a ' o u ' ' r r d i  e "  a  ' o d '

' ; :  . ; , " .  , ' ; ;  . " " , , "  |  .ompa!  01  a ,  I  ue  '  rPo  ̂  'h  'd  a t  b  ra"  np  Du I  m"d  L 'ed

, i , i i '  
" , ' * '  

i  . . '  . ; " ;  + o d 1  b ?  t € ' e d .  h  o t r a e o ! "  a '  r r F o o \ i o r o v d L 4 ' ' r ' o r

";; i; ;;;,, ;
; ; ; . " | *  -  ' . "  ; "  . " q n , '  d '  a n d  r o  -  o r  r r  o e r o d o r L  ' r F  u  ' r ' o  d L o i I

; ; ; ; "  , ' , . , " ' "  r ' , ' d L " ' o ' o r s o d  i a a ' r r r p  ' o o r d  a r d  '  o a o - ' ' i n ' r P  o ' i

In  "Oa l , t " .  1 " "  -p* - "  O to  ds  on  the  dr i l  ed  sur ta 'e  o1  lhe  core  can re 'd  l c  'nc rs  rn

,r.. t"itirv "r.ll,. *r,e "t o3 dcie/mlned in rhe laboralcrv (pa Li'ularrv wh'r! noncY

I t  i :  recommencled that the Excess Voioage of each core be est imated bv

loin i f 'ese metfroOs to the nearest 0 5% These 1\ 'vo €st imates should then

be compa,ea anO a single value agreed to the nearest 0 '5%'

Thc mult iplYrng facror required for correcl ing the measured core slrengrn

for thr inf l t lence of Excess Voiciage beJore proceedrng 10 lhe eslrm6lron oI
'p. ," . t ' r i  

Si t""Sth is glven 1n lhe table below Normal compact ion is

s""; ' " i iv "rp*Lu. vield values for the Excess voidase of about 0 5 to



2 5%. bul lh!  rble shows correct ion laciors ior vatu€s up to 5% for use in
specralcircunrslances. Because of their  increasing unrel iabi l i ry,  cores havlng
Excess\/ordages g.eaterthan5%should neverbeusedtoeslrmrte Polent ial
Slrength.

l,l
I
I
i
:{
{
I
:T
,{'l
ft

{
rg
ii
{.:!

il
I
1
il
l

Excess Vordage (70) Strength mul l ip ly ng faclor

0
0 5
t o
1 5
2 A
2 5
3 0
3 5
4 0

5 0

1 0 0
1 0 4
1 0 8
1  1 3
I  1 8
1 2 3
1 2 8
1 . 3 3
1 3 9
'| 45
1 5 1

Appendix I  to Part  3:  A method ot est imating €xcess Voidage

0n the assumption thal  lhe Potenl ial  Voidage is 0 5%o. i t  is possrble to
est imate the €xcess Voidage ol  the core by comparing the number and size
ot the voids exposed on the dr i l led sur lace ol  the air-dry core wl lh rhose
displayed in Frqures 3a to 3e inese are 125 x B0 mrn l i le size photographs
oI the surfaae o{ the cores havrng known Actual Voidages, and hence
inferfable Excess Voidages, as fol lows.

. l

i
!

;i

i
rl

Figure No. E'. . r€ss vDidaqe (%)

3a
3 b
3c
3 d
3e

o 5
1 5
3 0

1 3 0

The compaflson of the surface voids of a given core with those shown
in Frgure 3 should always be made by lwo observers, n order to avord
extremes of subject ive bias, care being laken to ensure thal  the voids are
viewed in sl fofg l ight angJed so as to highl ighi  them wi lh shadows (as in
Frgure 3).  The recommended procedure for the comparison is as fol lows.
(1) Cut3125 x80mm rectangular aperlure in a piece ofthin card.
(2) Place the card on rhe core with elasl ic bands,
(3) Ass€ss the Fxcess Voidage of the area of core in view by conrparing i t

with Figure 3 and record the assessm€nl
(4) Move t l re card to other areas and repeat the assessm€nt unt i l  the

cyl indr ical face otthe core has been surveyed represenlal ively.
(5) Averagclhe indlvidual assessments and reco.dlheresult lothe nearest

muhiple of 0 5%.

(1 )  Whe.e  th€  'e rd r ive  I 'equences  o l  smal la .d  la rs€  voas  on  th .  t . s t .o ro  d i t l c r  l rom
lhose shown nr Fisu'a 3. eslinratlan ol Ihe excess Voi4aqe mry bc raol,laled bV
remet rbcr ina  lha t  a  vo id  o f6  g ive^  d 'an ie te r  (o r  ineard imens ion)  l s  equa invo lume
lo  e  s f i t  vo  Js  l rav ins  on ly  ha  i  lha t  d iameler  (o r  I  ne . r  d  mensron) .

(2 )  Who i .  F r r ) r ioo0h ic  ro . . ,d  o l  lh r  r t .d rV rx ro  r : r  ro r rL r  r r l .  rh . ,  .n .  o  o t  r l r i  t , l ! i rn
aroDh sho r r i i  | , . lude  t l r rL  125 x  80  r f i '  . re r  h rv !Jg  r r  E . l ' t r , r r (J  Fx . res .  vd , la ! ,4
neare3 l  to  rh€  average lo r  lhe  who e . r re  lhe  l igh l inq  shou ld  a lso  b .  such lha t  a
phoro ! raphco6pa 'abre inq !a I ry loF iso ,e3 isobra ined.andrhephorograph.houd
be reprodu.ed ro lfe srze

(3)  In  m.hng r  vo id  co ! . r  ro  BS 1881 ls€e  c la lse  3  4  2  2  {b )  o l  rhe  P 'ocedu.es) .  l l
shou l i  be  no icd  lha t  the  nomber  a rJ  s ize  o l  l  re  vo iCs  is  io  be  cxp iessed as  per
l000a '0 t rn roJc ! l l : rc . ' .wh. f  i5 l0 l imos lho ! r .ao l .a .h  fd  v idor  a reasu, ! !v .d
5V rsdg lhe  he lhod descr ibcd  n  rh  sAppe. !  r .

.125



(a) Eices vo dase = 0 (b)  Lxce$ vo idase =  0  5%

| . ia ! 'e3 :  Ac lu | l ' 5 ]2 .  pho loc laphs  d f  corca  o l  r ] f ' e lcn l  vo idaqer  masked lo  q ive  a  s landard  a lea  c f  125 X 80  ' .m in  esch case

26

(c )  Erccss  vo ldase =  r '5% (d) Excess voidage = 3 0%
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(e) Etcss voidase : 13 0%

ho\^ lhat r t  rS d.r /s.

Aclual Svenoth-  =  o . 7 7
Potenl ialSrrenglh

Appendir  3 to : 'art  3:  The int luence of cur ing history upon
coagstreDgth
Research on cor€s shows that on average, i l  complying with the physical .
requirernents for est imating Potentral  Stfength (e.9. exclusion of unrepre
sental ive concrele. elc.) .  they yleld est i rnales of Actual Sl fength which are
only 777o of the true cube slrenglh (and. hence, of the Potent ial  Strength).
This reduct lon in strength is al t r ibutable to di f lerences in cur ing between
lhe elements sampled and waler cured cubes; di fJerences tn compact ion
can be assumed ro be rnsignif icant.

The equat ions given by ihe Pfocedures for the est imatton of Actual and
Pot-"nlral  : ; l ren!ths wou d, i f  appl ied lo thc mersured slrenolh ot cores
cofrplyr i 'g wiLlr  lho plrysical  rcquiremenrs lor est lmating Potcnt ial  Stongth.

Fisur .  4  F l fec to rc ! r i . ! t !poD s l re ro t i r  (ne termins !  a t l c rsoak ing

- 1 . '
- 1 ,  ,

In addrt iof i .  research shows that increase rn measur€d core strength with
age rs usurly very smal l  af ier 28 days, so that no co.recr ion lor age is \
jusi i f ied wl,er potent lal  Strength is being calculated. i

l f  scrne ,rxcept lonal c lses the reduct ion. at  28 days. to 77% of the water-
cured strer,gth rnay nol be apDropf iale to the concrele ln an element cored
in accorda c. lv i rh these Proceoures. This appl ies, lor example to:
(a) elements cast and cured under water j
(b) cores taken from deep wi ihin massive_elements;
{c) sur iac{r concr€te ( lhe i i rst  50 mm depth, of  so) drying cont inuously.

F gure 4 rh.)ws sir€ngth-a. n (  . , : f r r l .n i^alPort landcementconcrete
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made w th dense aggregates, ior var ious condit  ofs,  al l  lesl  speomens
havrng bcen soaked in water for 2 days pr ior to lest.  The curves cor.espond
l o  d  e ' o l l o w  1 9  '  L r , r g  c o  , d  l i u  , s
( 1 )  w a r € r  c u r  n g  ( B S  1 8 8 1  c u b e c u r i n g r e g i m e ) i
(2) concr€le protected from al lwater loss:
(3) :oncrete proiected from waler loss fol  12 days. thcn al lowed to dry

(4) roncreie protected from water loss for 5 days. then al lowed to dry to

{ 5 )  : o n  e r F  a L l o w e d  l o  d r v  ! o n l i n u o u s l y  l o  , i
Comparins the specimen si luat ions (a) lo (c) with condit ions (1) 1o (5).

r t  is probable that:
r i t !a l ion (a) correspondsto cond l ion (1) i
s i tuat ion (b) coffesponds 10 condi l ion (2),  (3) or (4) depending upon
ths d€prh in ths structurcl
srtuat ion (c) correspondsto condrl ion (5).

l f .  l rom a consldefat ion of the cur ing hisiory of concrele cored for the
esl imatlof  oi  Pot€nl i r l  5trors,h (s€d clauses P/3.2.2.7 andP13.5.21) i t ts
found that the concrele in the lest cores has received curing abnormal to
lhat assumed by the Procedures for average on'si le condit ions ( indicaled
by the broken l ine on Figure 4),  an appropriate percentage should be
selected from Figure 4 to replace the assumed value of 77%.

The Esl imated Potent ial  Strenglh for abnormal ly cured concrele may be
calcl lated by frrst  esi imat ing lhe Actual Strenglh i rom the measured
strenglh of cores complying with the requirements for Polent is l  Srenglh
determinat lon, using the equatrons given in clause A/3.5.2.1, and then
dividing this est imare ofAclualStrength bY the percentagevalue establ ished
from Figure 4.

Appendix 4 to Part  3:  Cortect ing Cor€ Strength for th€ inf luence
of i i  c lude(isteel
Corcs uird 1o mei isuro lhe slrenglh of Loncrele should not conlarn slee
Whe'e l i r is srniply cannol be avoided. i t  musl be expect€d that a reduct ion
inmllasuredslrenglhwi l locculforacoreconlainingsteel (olherthanalong
l ls a( is).  I i re exlent of  this reduct ion depends upon many variables. and
may range irom zerc 10 20Vo (when la.ge dialrreler or mult ip le b.rs are
pres€'nl) .Whenthere/.ssteel in lhecore.afaclolshould b€usedtomul i ip lv
the core strength, or Estrmaled Actual or Potent ial  strengths, 1o correcl
for the presence of s leel .

Allowing for a singi. bar
For a corc containing a bar perpendicular lo the axis of the core, the
estrmated Aciual or Potent ial  Strength should be corrected Jorthe presence

oi steel by mult iply ing by the Jactor

t 0 + 1 5

where p, = drameter oi  bar;
9 -  d areter oI corei
/1 = distance of axis of bar from nearer end of core:
I  = length of cofe.

Allowing for nultiple bars
For nrul t ip l€ ba.s. their  el fect should be al lowed for by using the faclor

1 o + 1 5 t ( e , x h )
q . x L

Not . .  For  twc  b . rs  w l r i ch  s .6  no  lu r l l \e r  dpa ' l  a t  lhe i t  c losds l  po i  than lhc  d i tmo lc r  o r
rhe larqer ba.- only lhe bar cotrespondinq lo the hisher value ol (9' x r) needs to be

is ":)
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Appondix 5 to Part  3r A worked example using the tecommended

This r)xample from pract ice' i l lustrales howlhe Procedures have been used
for the esl  mation of Potent ial  Strength. wi lh agreemenl beiween the Inler_
est€d pa( cs. Io resolve a problem in which the val  di ty of cube slrenglh
data,/vas rn doLrbt.

The initial information

Spec l icar ion
Spec i ied strensth: 20 N/mm'�
No cube result  below I7 N/mm' al lowed at 28 days.

Constfuct ion
In si tu reinforced concrete suspended f loor slab and beams lor a large
mult l  storey car park.

Specify ing authori ly.  coniractor,  ready mixed conclete suppl ier and inde
pendant lestLng laboratory.

concrete design and supplier'siest data
A cement content agreed be{ore the commencement of supply to this
sect ion of the conlract formed the main cr i ter ion of design. The expected
average stfength oi  31 N/mm2 was in excess of that of  29 N/mm'�  required
for the strength asp€cts of lhe specif icai ion.

Over a four-rnonth perrod. lest results for cubes made on sl le by the
suppl ier averaged 32 N/mm'� .  bul  dur ing two of those monlhs ( the pe. iod
in discute) few tests were made on that s l le.  Tesl resul ls from olher si tes by
the suppl ler.  however,  conf inned thatthe mix desrgn remarned salslaclory
overlhai two month per od.

The situation
During the two monlh period, 40 cube results ai  28 days were oblained by
the conlractor using an rndependent testrng laboralory for the later currng
and crushing of the cubes. Ten (25%) o{ the rcsults were below the char.c '
ler lst ic str :nslh of 20 N/mm? and lwo (5olo) were below 17 N/mm'�-

The average strength was 22 5 N/mm'� .
No sigf f icant faul ts could be attr ibuted to the manufacture ol  the cubes

or thef i  ear]y cufrng.
Some cubes from lhe period in the wasre heap at the lest ing laboraiory

had unusual modes of cube lai lure (unrepoded) and the gain in strength
recori jed general ly {rom 7 to 28 days was unusual ly low. A cube iest ver i
f icat ion against a relerence rnachlne showed that the lest laboralory
machine was producing co.rect results currenl ly,  but a faul t  in the spherical
seat ir ig exlsled wh ch might have led to low results on occasrons.

Relevant
clause tn
Par(3

Planning and preliminary work Prccedures
ln thr]  l ighi  of  this si tuat ion. lhe specify lng authori ly re- P/3.2.1
ql i red cores to be taken and conven€d a meeting of al l

The prime purpo.se ol the coreiests was stated as eslima- 3 1 l, rem 3
t ion oI Potenl ial  Strength lor compar son with comp iance P/3 1..2 1

No rosrlclror.s applied. The concrete was made with Port- P/3 1 2 4
land cement and natural  aggregate and was berween one
and t \ i r 'o months old.

'Based on lhe !se ot a pre imina,V dralt oI P6 3 Mlnot adJustmenls h6ve been mbde lo

rhe  w) rkeo example  lo  conform lo  lhe  l ina l  recommenda l ions  bu l  rhese have fo l
.moter t  y  a l rec ted  lh€  €s t  ha leso l  Po len l ra  Sveng lh  o '  the  conc  ls ions



Iheinitial nunbet ofcores seJected lor lest was 15. al.r.ed P/3.2.2.4
at s, .rrveYing al l  the suspect concrele, nol  any one paf l iaular

The /ocdar ' /? was conf ined to slab areas wh Lh wer€ 1o be P/3.2 2.5
dri l led ver l icr l  y downwalds, avoidrng rornlolcemont
whore possrble. and oniy the lower half  of  each core was
to be used asrhelest length.
Ihe sze of corc selecTed was 100 mrn diameter 1o min- P/3.2.2 6
imize problems with reinforcement and to al low a lest
lenl t th of 100 mm before capping.
Ihe Potent ialDensity al  the concretewas agreed frc.r ' Ihe P13.2.2.1 (a)
supr|er 's daia ai2350 kg/mr.
fhecuing historylot  the slab was agresd as normd' lat lhe P/3.227 (b)
type of construct ion, and the weather had been general ly
moderale over the two nronlh period,
The preparal ion and test ing was spl i l  belwcan lwo lesl ing 3.2.2.8

The pr inc ple was agreed that correct ion for excesslve 3 2 2 9
voidogo would bo Irado boloro rcsults woro cornpofod w t l l
requied strcngth levels and that no extra factorwas neces
sary for abnormal currng.
A si te repfesentat ive of lhe speclfy ing author ry preenl ar 3 2 2 10
the meering was named as responsible for df i l  ing srper-

Obtaining the cores
An examinat ion after dr i l l ing: only four cores contalned 3.3.2.2
steel.  bul  outside the test 1€ngth; nonewete honeycombed
or bowedj and al l  had suff ic ient depth to enabie the top
20% ol lhc slab deplh to be removed before capplng

Laboratory work
Er(.  r  coro wis t i rnrcd to a 1€sr /crgl l ,  of  about 100
110 mnl (belore cappinq) bY us ng a masonry saw.
The cor€s were subjected to avisral examtnatton as
qLired by BS 1881 and a d€tar led fepo( was p.epared

1 0  3 . 4 . 2 . 1

r c  3 .4 .2 .2

Higr alunr ina cemenl mortar capplng was used and ine
result ing L ral io ranged from L2 to- l  3.
A density delerninatian was made on each core, the aver-
age saturated core density /r" /  2315 kg/mr being 35
kg/mr below that of  2350 1Dpl,  the agreed Potent ial  Den
sity In. l iv idual values ranged from 15 to 50 kq/mr below
Dp.
Test ing of the coresfar s$englh was done to BS I881, and
nre.surcd core strengths were oblained ranging f fonr 15 5
ro 24 5 N/mm'�

E st,tmathrg Potent iaI S tren gth
No al lowance was necessary for un.epresental ive con_ P/3 5.2 1

crcIe, rhe campasition of each core be ng whol y from
belowthelop 20%ofthe depth ofthe sect ion

3.4.2.3

3.4.2.4

3 . 4 . 2 . 5

( a )

P/3.5.2.1 16)

dixes 1 and 2

Vrsual est mates o{ fxcess Voidage tanged ftomO 5 \o 2%
averaging I  %-

The average Excess Voidage was estimated lrom core den-

35 x '100

2350 500

The ag.eed value ior Esl imated Excess vo dage was I  5%
to be used ior a I  cores and r€qu red a correct ion iaclor lor
stre rgth df 1 13.



Ihe cur : tg h i<tary.  being r \ ,p  cr l .  d  d rot  reqJi re rn e ' l ra
correLl  on fdc 'o '  for  "brorra Lur ing.
lhF ,  or '  s  ^F e dr ' ]  Fo v" | l rLdl ly  so rhar  rhe app op '  a ie
Iotmulalot estination of Potential Strcngth was

t1
1  l 3  x  1 :  I  C o , p  S t , e l g t h

I  o  F  r / ^

P/3.5.2.1 (c)

P /3.5.2.1

Use of thrs fofmula yi€lded €sl imates of Potenl ial  Slrenglh
ranginq lrom 23 0 to 36 5 N/mm'� for the 15 cores. wrth an
average va ue oi  30 N/mm'� .
No caffectian far prcsence ol slee/ in i h e co res was neces 3,5 .2,2

I nt e rpret at io n of res u lts
At this stage, a comparison of the Esl imated Potenl ial  3.6
Strengths from cores with specif icat ion requirements, sup-
pl ier 's results and independent test results indicaled that:
(1) al l  est imates f fom cor€s exceeded the specif ied
strength.20 N/nrm'� j
(2) the average est imate from cores of 30 N/mm'�was not
signi f icant ly di f ferent i rom that expected by the supp|er
from deslgn (31 N/mm'�)  or f rom results ovel the four-
monih period (32 N/mm'�) ;
(3) there was a large discrepancy between the average
estrmate from cores (30 N/mm2) and that for cubes from
the independenr test ing laboratory (22 5 N/mm')

I t  was corcluded that concrete complying with the specr-
f icat lon had been suppl led and thal the low cub€ test
results reported bythe independenttest ing laboratorywere
probably caused by a faul t  in the test ing machine or in i ts
operat ion, whlch had since been rect i { ied (or had recl i f ied
i lsel t) .  Funher considerat lon of the concretewas probably

Not€ .  As  rh is  Wa"  on€ o l lhe  f i6 r  a l lempls lo  use  the  recommenda
l ion3,  lho  spoc i l y l ro  nu l l ro i i l y .  qu i ld  r iOh l ly ,  p ! rsuod Iho  los l r rg  o l
add i r  ona l  , )o res  (a  readv  d . i ied)  wh lch  1u(h6r  conanmed the  con-
closions. A satltaclory load lesl was a so mad€ o. an a.ea ot slab
lo .wh ich  lhe  lowestcube 'esu l rs  had been ob la ined.

Cons iderar ion  o t .4dra l  S . re rgr ,  was  no l  nec€ssary  b ! l  use  o f  the  A/35 ,2 ,1
a n d

2 3 '  co'u sr 'enorr A13 6 21
1 . 5  +  1 / r

would  y ie ld  va lues  rang ins  f .om 15 51o 24 '5  N/mh?.  a l l in  excessr l
(spec i r ied  St .ens lh ) /1  5 .  i .e .13  3  N/mm: .

Use of non-destructive testing
A suryey cf  the undelsides of s labs and beams was made using Rebound
Hammer tests as addit ional conf irmation of lhe general  qual i ty and to
reduce thrr number of cores taken-

Use of BS laSl : Paft 4:197O
Calculat icn of est imated cube strengths as rcquired by BS 1881 yield€d
values rargrns f iom 18 5 to 28 5 N/mm'� .  and sveraging 23 5 N/mm'�
Use ol  th?se va ues as 'val id '  est imates of Polent ial  Sl fength might have
led unnec3ssari ly 1o prolonged discussion. mistrust of  the suppl iers inform.
at ion, accepiance ol  resul ls l rom the independ€nt test ing Iaboralorv and
possibly io removal and replacemenl of some ot the concrete



lnd i rec lv isualexamLnat  on or  core
b€lore r r  mmino and capprnq (ov
m croscopic or petrographic rechnrquos)

Rouline phYsicallests ot cores

Part 4. Other uses for cores
Coresmayberequiredlobetak€n{oravarietyof purposes

other than to assess strength. Some ol these purposes

orovlde addit lonal information ' !hich can aid JUdgement

of the val idl ly o{ str€ngth data, part icular ly in isolat ing

causes ol  s lrongth dl f ierences and in disi inguishing el lecls

due to the conclete i tsel f .  1o vr 'olkmansh p and lo lhe

Special phvs .al lesrs ol companion ' ores

Fouiine chemical lests of cores after crushins ror slrersln

For t inschoh ica l les tso tconpanror  core

(nolto be used lorcompressive slrcrqlnl

Spe< a l les l3  on  core  d f t . r  c rush  nq  i t  sxenqrh

'Fequned by  BS 18e l  lo r thecore t ts l

32

requlred to be dohe by the procedures of Patt  3 ot this

reoort  or br BS 1881. as pa L ol  lhe '  ore lesl  be{ore crush-

r n o .  e  o .  a i r . s " m p r t  o l  / o l o a g e , w l t l o u l o e t l ' m e n t l o l h e

str-eroin a.torm rar 'on Some cd1 be madp o1 t \e clusheo

core 
_but 

others need lo be made on independent speci-

mens to ensure accufacy, e.g. chemical analysrs tor

water/cemenl ratio.

Some of the lests rn Table 2 can be done. or are

Tabl6 2 Tesis other lhan .ompressive strength'  which mav be made on cores to provide inf  otmation to assist

interpaetat ion of strength data and lor other purposes

Nomi.dl nroximun slzo'
Grading-conlinuo!s or discoorinuous

MLnera loov .  G rouP  C la t t l ' . a l  on '

Bo la l i ve  ; r ; po t l i ons  d t su rbuL  on  i n  ( onc te i e '

Nomrn6 l  maxrmum $2e
cradinq t ne or coaree
Tvpe-natural, crushed or mrxlure

Re alive pioPo(on, dislribution

Colour of malrix ol concrele

::m:;l"H:ru;::;$;*'$JI; :il:1:1]ijT'"' "*.'-"
D€pth  o ica lbona i ron
Ev idence o fb leed i iq
Evidence oi plastic selllemenl, ross or Dono

Pres6nce ol enlrarned a(
Apg l 'od  l rn rshas  dop lh  and o lher  v is 'b  s  loa lu ros

crsck d€pth, widlh olherleatures
Concrete dePlh.thickness
n. lueon< par l ' . ! la r l v  imp! r i l i t s

Type (.ound, squ.rc, twisted, d€l!irnedl
size'. number, dePlh'/covea

Minera loqY
Ai r /sand con len l .  bubb le /vord  s rz€ /epacrng

sur lace  lex lu re  o f  .oarse  aca 'ega les
Fr f  rasoreqa lepaf l ' c leshape ma{ lmumsrze  graong

Ull.€sotric'PUlse velocilv

Indtecr tenslle slrenslh
abrasion resistance (s!dace onrV)

Movement cha'acleirsucs

Aggfeqsle/cemenrral o
Tvp€ ol ceoeni
Aqqr€gale gradrns 0ecovered)

: : : : :1"": :x 1", .  ^.  "  .1d m,nqa' pnases and ro'€cu a,
qrouprngs  surh  as  NaCl  CaCl ,  SOr '  cJa€ l '

H igh  a lumins  conve ls ion



Part  5.  Evidence f rom research and pract ice

fntroduct ion
The procedures ior est imrt in! l  Actual and Potent ial
Strenglh recommended in Parl  3 are based upon in{orma
tion garnep from praci ice and research. The oblect of  this
Part  is to summarize the avai lable knowledge, so enabl ing
the val idi ty and l i f i r i tat  ons of the recamm€ndai ions 10 be
assessed.and indicat ing aspecls of the subjecr which
would rneri l  f  urther invest lgat ion.

. . --Eelat ionship between Cor6 Strength and Actual
-/// strength
' The main factors which need to bs consid€rod \rr'h€n

Table 3 Relal ive strength of cores of di i ferent diamete6.

Slr€nglh o1100 mm dia.  co.es
Suenorh o l  150 mm dia cores

6
I

28
3 1
3 6 .

50
-/16

4A

0  9 8 .
1 0 4
0 80 '
1 0 0
1 0 5

relat ing lh6 Core Strergth to t l ro Actual Srrength are:
(1) diameter oI core;
(2) length/diameter rat io of core;
(3) direct ion of dr i l l ing;
(4) shapo of specimen;
(5) method of capping;
(6) effect of  dr i l l ing operat ionj
(7) reinforcement:
(B) cur ing of corei
(9) moisture condi l ion of core:

(10) f  laws in core.

{Foi. '
Britrsh Sranoard I881 \ri std er .rts.t 6dr€ Ehalt'fuvo a;
dbii6ler dt €irh

'Several inv€siisalors have commented upon this resuk bur thero'
se€ms to bo no 6xplanation lor its conlraslinq wilh other €vid6nc€,

pressrve s l rengrh o{  concro le wrrh sggregal€ o l  30 mm
maximum size is permit ied by the relevant Swiss stan- .
dard' ,4

Apart  f rom tgsts on cor6s having a djameter lo$ than
three t imes the maximum aggregate size, lhe eftect of  s ize -"
upon the compressive strenglh of di f ferent types of speci-
men, including cores, cyl lnders and cubes, has been
studied by many invest igators(6 3 t  rr ' r_r3,.  l t  is general ly
accepted thatthe strength tends to increase with decreas-
rngsizeof specimen,ihe.ebeing several  inf luencinglactors' '
which are discussed by various authors(t, r7.23't7'4r )- Any ,
difference between the compressive svengths of 100 mm
and i50 mm cubes is,  however,  so smal l  that both. :
RILEM(4?r and CEB(1r) suggestthat i t  is of  no signi frcance. 

'

Resul ls of substant ial  programmes o{ tests on cores of.
100 and 150 mm diameter,  given inTable 3, indicatethat,
general ly.  the diameter has l i t t le.  l f  any. ef leci  upon the

his standard does not

aggregate size, but standards,.z { '  of  olher counlr ies state

!l*t!l6..q'ngP{e# es measured s$ength.
rtr6iomrnal maxim eill $)e e

Several investigarors(rJr have examined the resrl\s of LLengthldiameter ratio of cores
dri l l ing cores with a diameter of less than three t imes the .  The neasured strength of a core decreases as the rat io of !
nominal maximum size of the adgregate. For example, i ts length to i ls diameter.  r .  increases. This report  recom-
cores having a dianr€ter of 5C'mm havo been taken from m€ndsthar.whencapp€droadyfor l€slacoreshou'dhav€
concretemadewilhaggregat€of20rnmmaxrmumsze(6).  a length/diameter rat io of between 10 and 1.2. l t  is,
For a given height/diameter rat io.  i i l l le.  i f  any, di f ference thereloie. convenient to correcl  rhe measured strength of
wasnoled betweenthernean slrengthsyielded bycores of any core to obtain the slrenqth which would have been
50 and 100 mm diametels.  bu19affFbacqt8 tsndedto obtained hadthe corea leng th/dia mere r ral jo of 10.

5 0 , 1 0 0 a n d 1 5 0 m m d i a m 6 t e l d l i | | e d f r o m c o n c l e t e w l 1 h a i n V e s 1 i g a t o r s l t ' l 9 ' , o ' , ' , 9 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �"  
maximun\aggregate size of 30 mmi') .  In this case. i t  was tests are surnmarized in Table 4. al l  lhe data being based .
shownthatthetest ing errorassociated with 50 mm diam- upon a specimen havlng a length/diameter rat io of 1-0. '

eter cores was about lwice thai  associated with 150 mm lt  is evident that there is a considerable range in the f ind-
cores. This impl ies that.  to obtain a simi lar degree of ingsi  i tseems clear.  however.  that lhe rolat ionship given in
accuracy.morecoresshouldbedri l ledrf lheseareofsmal l  BS 1881rt)  underesl imates the di l ference in measured

_ d ia m eter. streng th associated with a cha nge in lengrh/dia meter ratio.
Evidence is also avai lable on the strengths of cores A detai led study o{ rhe resul ls obtarn€d In the vanous

, having a diameter equal to 1l_€ maximum si?s of aggre'  invest igal ions suggests that the strenglh, t ,  of  a corc
gate in the concrele. Coles r f  150.200 and 250 mm having a length/dianreler rat io of 1 ,  can b€ esl imaled from
diameters wer€ cut from concrote with aggregare of 150 the strength, /r, of a cof€ having a length/diamoler ratio of
mm maximui: ' r  s ize; a1l  y ielded simi lat  mean slrenglhs( '0).  ) . .  bvthe {omula:
The test ing oro. again increased as the diarneter of the ,  25f\
c o r e s  w a s  r e d . r c e d .  ' '  =  

f . 5  *  1 , 1
Another invest igal lon(11) inyolved the test ing of cofes

\ of  35. 50, 7b and tOO mm d aF,ct€r wi lh mixes having l t  fol lows frorn thrs formula that the slrength. f r .  of  a core . .

I  maxlmum aggregare sizes of 4.  I  and I6 mm. t t  was found having a length/diameter rat io of 2.  is y ielded by lhe '

.  /  i  that i t  was di i f icul t  to obtain rel lable results trom the cores rofmula: i t

J  l o f 3 s m m o l a m e t e t  ,  -  2 l ^
i  T h e u s e o f c o r e s o f S O m m c i a m e t e r l o a s s e s s i h e c o m -  

' '  
L 5  +  ] n  . - , . - . ,  - : ;,  ; * . i . i i l

[ -scF.# dtable results.  S m]lar results were ob- Theelfectof rhelenglh/diameterrat iouponthestrenglh
i ;h€d during an invest igat ion on the slrengths of cores of of  a casi  cyt inder or a core has been studied by manv .r :

fiblg results- S milar results were ob-

'  ;* ' i .xl
- 33-.:.-:-?

i,, ..r - *,:



Table 4 Relai ive strength 01 cores of di f ferent length/djameter ratros

0 5
1 0
t 5
2 0
3 0

1 5 3
1 0 0
0 8 8
0 8 5

1 t 2
1 1 0
0 1 8
0 t 6
0 8 1

1 3

1 3 3
1 0 0
0 8 9
! 8 3
0 7 8

2 A

r 0 0
0 9 0
0 8 7

1 . 5 2
1 0 0

0 8 6
0 8 4

1 0 0
0 8 1
0 8 4

2 9

1 3 9
1 0 0
0 8 3

TO
4 6

1 . ! 0
0 8 2

TU
48

1 3 7
1 0 0
0 8 8
0 8 1

3 6

1 0 0  I  0 0
0 8 4  0 9 5
a 8 2  0 9 2
0.80

as r881

3 Dircction of drilling
Any hororogonoi ly in tho cor lcrclo which is rolntod lo tho
dlrecr ion of cast ing may have a dl f ferent ef{ect upon the
slrength of ihe cofe. depencj ing upon the direcl ion of dr i l_
l ing. Evidence regarding the effect is conf l ict ing. The
results of an invesl igar ioni4 $) on coles dr i led l rom
columns indicated that lhe strength was about 12% less i i
Ihe cores were tested at r ight-angles to the dlrecl ion of
placing. More extensive tests by lhe sam€ authorG'�r  indi_
cated a drf ference of only ! i%, which is not stat ist lcal ly
signi trcant.

Johnson(tr) found that cyl inders casl  with their  axes
horizontal  had a cornpfessive strength aboul 5% less than
tha! of cyl inders cast in the nolmal manneri  Bloemlrr l
iound the dl f terence to average 15%. Oiher.esultsrt5r ' �  54l

indicate that the compressive strength of cubes lested in
the direct ion bf cast ing may be simi lar to that of  c(rbes
iested at r ight-angles to lh€ dr.ect lon ol  caa:rr ' !  or up to
20"/o highef

Recognizrng the d screpancies between results reporled
bylhcvarious Invest igators. lohr 'srorrr55r castpr ismsirom
a range o{ 23 m xes. The f in( l ingr l rom lhLs carelul ly con-
vol led programme indicated thdt the slrength oJ plrsms

was 8% highef i f  these were lesied n the same or ienlat ion
as casl .  The magnitude of l i r rJ dr{ leaence vr 'as simi lar lor al l
normal-weight structuJal corcrete.

This f inding was in lccord with results obtained by lhe
Bureau 01 Reclamationf6'5 

 

from a total oi 237 cores

dri l led veft ical ly and hot izontal ly i iom two dams These
two investrgat ions indici te.  that.  on avelage, ver l ical ly
dr i l led cores were strongbr l ran horzonlal ly dr i l led cores
b/ /  and 9% rFsoeclrve'v

4Shape of speciman
Most oi  the avai lable i r formation re al ing the strengths of
cyl indr ical  and cublcal  tesl  specimens rs based upon lests
on cast speclrnens lather than samples cut f rom a larger

concrete mass. The measulements ate usual ly made on

standard test cubes and cyl inders and so any observed
relat ionship includes the of ientat ion ef iecl

The considerable volume c' f  info.mairon6's '  e '36'{  s '
e_n) indicates thal  the relat ionship between cyl inder and

cube staengths is not unrque t ,ut  depends upon iactotssuch
as the concrete mix and the precise methods oftest A !rJm
mary papef produced by Rl l -ENi""r  shows lhat tha ralro
berween the slrengths of cubes and of cvl inders with a

. length/diameter rat io of 2 halt  been iouno to varyfrom 0 9
and 1 5. A sludy of lhe lnformal lon suggesls  ral  t  rs
di i t icul t  to be more precise t l  an to assume that lhe

l t , . 6 c u b e r s  1  2 5  t r o . e s  l h a l o t a c v r i n d e r h a v i n g  a

7ad6r"r rut iF6t7r. ' t  \d lL" is r  a-cord' \ , rh: l -e

l - ,

fecommendations mad€ by RILENI' l ' � )  and cEB(' '  and is
spsci f iod ln BS 1881 lof  convoft ing a corr€cled cyJinder
slrength, obtained from a core tesl. to the equrygEllgrbe
strenglh.

5 Method of capping
Before being tesred in accordance wi lh BS 1881, the two
ends of a core must be capped with a high-alumina-cement
mortar,  a sulphur-sand mixture or by other sui table means,
The thickness and composit ion ot the caps have some
inl luence upon the slrenglh of a corc, as avidenced by
several  authors(s,16,27,r,4eJrr4) but the eftect is general ly
of no pract ical  s ign f icance. providei i  I  h ai tde- iappin g
material is not inherentllt)Legl(er than the concrete and
thal the caps are sound and f lat  and perpendicular to the
axis of the core. within the tolerances quoted in BS 1881.
This conclusion is in agreement with the f inding'?1rr |  that
t l  e srme compressive strength is yielded by cyl inders
capped wi lh neat cement or a mrxlure of sulphur and f i re
clay as is obtained lrom cyl inders having groundendfaces.
l1 has becn reported(3r, .  however.  that f i i led polyester
rp\ 'ns !re not )L,rdbe oi  capping, as lhey 'eouae lhe

. strength by up 10 20%. l l  has also been foundo' �)  that the
use ot f i l led polyesler resrns increases the vat iat ion in
measured strengths-

c Effect of drilling operction
It  has been suggested that the operat ion of dr i l l ing can
damage a core and henc€ roduce r ls compressive strength.
Such damage is sometimes apparent when dr i l l ing im-
malure or Inherenl ly weak concrete, but nolmal ly i t  is not
possible to see any deleler ious effects on the cut surtace qr
o f a c o r e ,  t l

A cof e may be inherent ly weaker than a cyl inder becaus€ I
the sudace of € core ncludes cut pieces of aggregate, lJ
mdny o'  " ! rrL1 w. ,  o1l /  be retained In the spelrmen byl  rr
aonFsron lo lne mdtr{  Sr, ,  h pdrl ic les are l le ly t .  *"1" i {
b L t e  l r r l e  r o  l l _ e  s " e r q t h  o i  r h e  c o  e .  l l i

In lhe course of ' two invest igat ions. s leeved cyl indersdt
have been cast within concrete slabs. Campbei l  €nd t

Tobina3) cast I50 mm diameter metal  s lseves in each of
four 300 mm thick slabs. At ages of 28. 56 and 91 days,
the strengihs of pais of these cyl inders were compared
\,\,ith the strengihs of pairs of cores of the same srze and
shape. On average, the cyl indors had a strength 6%
greater than the strength of lhe cores.

Simi lar tests are descr ibed by Bloemr36J. Pai ls ol  s labs
were cast from each of three concrete mrxes, one being
wel l  cured and one poorly cur€d Each slab was provided
wilh 36 plast ics inseftsto enable cyl lndersto be abstracted
for test at  srx ages. The resul ls were compared with those



.

!

,i
' i,
I,s

i
I

.i,

of 36 corresponding cores taken lrom each slab. The cor-
r€lat lon between the strenglhs of ihe push out cyl lnders
a n d l h e c o r e s w a s g o o d a n d t n d  c a l e d l h a t t h e c o m p r e s s t v e
strengrh ot the cyl inders was 7% greater than the strength
of the correspondrng cores.

-/ 
Reinforqement
Theef iectofreinlorc ng barsupon thestrenglh olcy inderc
has been srudred in the Unrted States'37).  A rotat oi  66
cylrnderswas cast,  some unrernforccd, some w th one bar
perpendicular 1o lhe ax s and o1he6 wirh two mutual ly
perpendicu ar bars, both pefpenCicu ar to the axts.  The
panicular locat ion of the bars was tound to have l l t t ie
el fect upon the strength of the cyi inders. The average
reduct ions in strenglh are g ven n Table 5.

.  Simi lartestsb! ' t1) have been conducted on 170 cyl inde6.
300 mm long x 1 50 mmdiameler.some oiwhrch contained
single bars of 10 or 20 mm diameter.  sei  at  var ious depths
and distances from the axis.  The cyl  nde|swere tested afrer
being slored for 26 days in air  fol lowed by 2 days in water.
The average percenlage reducl ions ln slrength are given
n Table 6.

A sef les of tesis conducleo in Germany'3tr  involved the
tesl ing of more than 300 cores. 151 mm h gh and gg mm
in drameter.  cut in a vert lcal  directron l rom slabs. Vanabies
included the percentage feinfofcemenl,  ihe number of
bars, the posLt ions of the bars and the slrenglh of the
concrete- The results indicated that as much as 3 4olo by
volume of re nforcement ( two I8 mnr bars) had t i t t te effect
upon the measured strengt l ,  the maximum reouclon
belng 3%.

. Tablo 5 Alerdge reoJct 'or ,  '  st  p4grn dLe lo precen^e
of one or two baas,10)

(%)

1 2
t l

t l

Table 6 .Average reduct ion in strength due to presence
of bars dt drf 'e ent posrr ons, '6" 

'  '

lmeoidr i l  ingandanydf lerenceinthesubsequenthydra-
t ion ofthe spep men and ihe parentconcrete is l ikelyto be
smal l ;  n any case, i l  wi l lbe very di f f icul t  to make a real ist ic
al lowar r  e 'or rre e'1.  _. i ry ort lererce may naue upon the
relat ive strengths of the core and ol  ihe conciete i t  repre-
senls.

I Moisture condition of core
The measured strengrh of a core is d€pendent upon i ts
moisture condi l ion'3 ') .  BS 1881 requires thal  a core shal l
be immersed for a per od of at  least 48 h pr ior to tesi  and
thar i t  sha I  st i l l  be wet when tested; this requirement is
srrni laf  io that whrch appl ies to compressrve tests on other
concrete specrrnens including cubes. In pt inciple,  th6 el fect
o f  t h e m o i s t u r e c o n t e n t a t t h e l i m e o f  l e s l r s n o t c o n s i d € r e d ,  t , .
to be a characlerst ic ot the concrete affect inq i ts inherent :
strength but lo be a parameter assocraled wi lh the test ing
techn que. Thus. i t  is akin ro the rate of loading, which .
s imi lar ly affecls the measured slrength and is,  therefor€,
also standardized Provided a core s tested wet, therefore,
i t  is not necessary lo al low for the di t ference in moislure
conlentwhen inferr ing th€ strenglh of the parent concrete,

some authof i t tesrr,r , ! , rr ,srJ do nor share rhis opinion
and aalvocale that the core at the t ime of rest should be
dry or have a moisrure condit ion simi lar to that of  the
parent concrete In the st .uclUre. Account must be taken of
the moislure condit ion at the trme of test when reviewing
results quoted by var ious invest igators.

There are many iaul ts which can occur in a corej  these
include cracks due to a var iety of causes, voids due to
waier galn beneath horizontal  reinforcament and voids
left  upon removal of  an' immersion vlbrator from a mix of
low workablI ty.  The information gained upon examining
such acorecan be of consrderable value. bul lhe measured
strength of the core rs l ikely to be low and not indic€t ivs of
r l  A c l J r l  S r r c  r J . L ,  v l  l l  o  c o n c  o r o ,

Estimation of Actual Strength
The del inir ion of ihe Aclual Strengih ol  the concrete wrthin
an elemeni musl be relaled to a specif ic test method. l l
would be possible to base the strength upon lests on a
core of a given length/diameter rat io or,on a sawn cube.
The results of tesls on the lat ter type of specimen would
not.  however.  be direct ly comparable with strengths mea- .
sured on cast cubes, Differences between Actual and ,
Potenl ial  Slrength would ref lect both real di f terences be-
tween the two mater ials.and effects ofthe di f ferent speci-
mens. The lal ler ef fect can only be el iminated by express-
ing the Actual Strength in terms of tests on gasl cubes,
a though these are hypothel icai  test specimens in that they
cannot be produced from the concr€te in the element.

The Acrual Stength can be assessed from the Core
Strength by considering the six specimens i l lustrated in
f igurF  5 .  ThPsp dre .

1
2

1
2

(mm)

8edlcl on rn stenoth (%) al
distance irom top ol cylinder of

50  mm '150 mm 250mm

1 0
0

50
l 5
3 3

3 5
1 0  4

0
u6 , tr

2 6  3 8

l , u  4 4
i 1 6  - o l
8 6  5 4

Once a core has b€en cut.  t , re merhod of cur ing, and
hence the rate of strength developmenl.  wi l l  d i f ler l rom
rhat of the parenr concrete. The di f ference in strength at
the t ime of test wi l l  depend I  pon thc matur| ty of the coq-
crete when the core was dr i l le, l  afd upon the subsequent
morsture and temperature htstory of both the parent con
crete and the core. The concrele is usual ly rrature at the

(a) core dr i l led horizontal ly ' .  ength/diameter -  ) .
(b) cors dr i l led ver l ical ly,  lensth/diameter = I
(c) core dr i l led vel t  cal ly, length/diameter = 2 ,  

-

2(a) cyl inderwithtop ayerremoved. length/diameier= 2
2(b) cyl inder as cast.  length/d ameter = 2
3(a) cube tesled-on side-

'The  d tec fon  o l  d r i l l i nq  re la res lo  the  concre te  a t rher ime o icas t ing .  - ,



Fisure5:  rypes  o fspoc imen used in  €  a l i | !  Cor€  S l 'onq lh  and

The conversion process s as fol lou's

1 (a) to | (b) Ihediltetence bet./veen il e strengths ofthese
spec mens is associated with tre direct ion of dr i l l ing. On
a v e r a g e , l h e s t r e n g t h o f  a c o r e c r i l l e d v e r t i c a l l y i s a b o u t S %
grealerthan thatof a core dr i l led hor zontal ly.  l f the strenglh
of 1 (a) rsp, theesl i rnaiedslrenglh of 1(b) is 1 o8p.

1(b) to I  k) fhe effecr of the length/drameter rat io upon
core stenglh ls such that

2
r l  e sL.e4qrl-  ol  1 (c) r '  e sr engrl  or I  (b)

_ .  2 1 e p
1 5 + 1 / r

| (c) ta 2(a) Ihe dif:arc,nce bci,/vcen the sirenqlhs orlheso
specimcns is associaled with 1ie fact that the cyl inder has
a cast.  rather than a cut.  surface. :xperrrnents have indi
cated that a specimen wrth a cast sur lace has a strenglh
about 6% greatef than the core Therefore,

the strengrh of 2(a) :  1 06 x lhe sirenglh ot 1 (c)

- _3:):e_
1 . 5  F  1 / I

Table 7 Evidence on relat lonship bet ' !een core strength and cube slrengih.

2(a) to 2(b) The slrenglh of the lst ier is iower because oi
the presence of the weaker mater al  near the top. Thete is
l i r t  e direct evidence on the rnagnrtude o1th s decreas€ but
a generalexaminal ion ol the reductron in strengthtowards
the top of a laver of concreie, the strcnglhs oi  cores dr i l led
from cubes and the r€latonship belween aclual and
potent al  strenoth suggesls rhat a value of 15% wi l l  Yleld
results consistent wi lh the aval lable evidence. On lhis
basis.  i t  can be esl imaled thal

the strcnglh of 2(b) = the snensth of 2(a) x 
I  .  j  Sl

2p
i 9 + r / ^

2(b) to 3(a) There rs a considerabe volume ot data on
the relat onshrp between the st fength of a cube, tested on
ts side. and a cyi inder.  The best average estrmale rs t l ia l

t h e c u b e s r r e n g t h i s 2 5 % g r e a l e r t h a n l h e c y l i n d e r s l r e n g l h .

the strenglh of 3(a) = 1 25 x the strength of 2(b)

2 5 p:  
1  5  +  l A

It  may be noted lhal  i i  I  :  1, lhe strength of 3(a) = p.
This means thal rh€ strength of a core of length/diameler
rat o 1. dr i l led horizontal ly.  is s imi lar to that of  a cube: thrs
is in l ine wi lh ev dence prov ded by tests made upon cores
dri l lcd i rom cubes. This is sumnrarizad in Table 7

The Esl mated Actual Strength, 1""1 is.  therefore, y ielded

. 2 5f.r
" '  1 5 + 1 / ) ,

i f  cores are dr i l  ed in a horl20ntaldrrec0on;

, 2 3f\
" '  l  5  +  1 / r

i l  cofes arc dr i l  od in a vc( ical  diroctron.

ata

r j * l r
t l l
t L l

l ; l l
L - l - l  L

r--l
r, 1
U ]

Core  s t renCth

36

200

150 and 200

200

1 5 C

50

100

100
1 5 0

1 0 2 r o 1 0 5
0 . 8 6 1 0  1  1 6

1 0 3
0.97

1 . 0 5
1 0 0

1 c , 4

l 0 l o  5 0

31
68 and 80t

30

1 1 2

1

l

'Co(ecred ioequrva lenrva  !e  lo r r  = .  l
iMeas! red  on  200 and 150 mm cub.s  respec tve ly

36



nelat ionship between Actual "nd Potent jal
Strength
The main faclors whrch need 10 be considered when
reLat ing the Actual and Polent a Strength are:
(1) di f ferences in consl i tuents;
(2) c j i l ierenc€s in mlx proFortrons;
(3) di f{aronces in compac ioI j
(4) di f ferences n cur ng-

I Differcnces in constituents

_ l r  is posslble ior the aclual qual i ty to be reduced by the
introduct ion of impuri t ies tc,  the concrete during rhe course
of l ransponing and placing.

Z Differcnces in mix proportions
'  The mix propo(ions in a core may drf lef  f rom those of a

representat ive sample of the freshly mixed concrete be-
cause of incomplele rnixing, the inadvertent or purposeful
addi l ion of water or the loss of mater ials by leakage,
evaporat ion ortransferto surfaces with which the concrete
comes into con{act.

The mosl common reasor for lhe mix proiort ions within
part  of  a structural  element being di f{erent i rom rhose of
the freshly mlxed concrete is,  however,  segregat ion- In
paft icular.  segfeg€t ion in the fofm of bleeding, or waler
garn. is encouraged by the conrpacl ion process which
causes a greater concentat ion of the i lghter const i tuents
towards the upper surlace of the concrete- Many Investi-
gators r6JJ lJ rJ5 , re ,50 ,63 ,70 ,7L3r , r0 - r07)  have no led  tha t  the

concrete lowards the top ol  a wal l  or column is weaker
than the rnater ial  elsewhere in the elemenl.

The variat ion ln strengrh over the deplh of a wel l -cured
s ab has been studied by Merningerr! , .  The resulrs indr-
cated th.t  any vert  cal ly dr i l led core conlaining mater ial
f rom the top 25% ot lhe slab-n4rether the lenglh of the
core was 2570, 50% ot 156/o of the slab depth-had a
sr.ength about 8olo less than cores not including mater ial
i rom the top 25% of the deplh. Sherr l f i (7orI  cul  T I  cores
from a wel l  cured slab; s ix wefe cul  through th€ lul l  deplh
ol the slab whi lst  lhe others r€presented 5A% and 75% aI
the {ul l  depth, I rom both upper and lower surtaces. The
results indicate that a core including mater ial  i rom near the
top of the slab has a slrength about 11% less than that of
othercQres,

Henzel and Gruberro' � )  tested over 200 cores {rom a wel l
cured foundat ion slab having a depth of f rom 0 8 to 2 rn.
In this case, the strenglh of cor€s f iom the lop 200 mm of
the slab was only 4% less than the strength oI cores cut
,rom material at greater deplh.

The avai lable evidence indicates that the reducl ion in_ 
strength lowards the top of a wal l  or corumn may oe
between0and 30% butgives l i t t le indical ion ofthefaclors

' '  governing the magnrlud€ c,f  this decrease. Pcrersonsc0)
suggests. howcvor. lh. t  tho rodu.1 on in strcnglh. incroases
wirh ihe strenbth of the concrele. typical  values beiog
giv€n in Table 8.

I t  is c lenr that the concaete towalds the lop of a l i f l ,  or
near lhe upper surface of a slab. is not typical  of  the
maier i !  , rs a whole and should. therelate, pteletab y be
avoideC when taking cores to assess Potentral  Strength.
The study of the l r teratufe suggests thal  thrs unrepreseir-
tat ive mater ial  can be assurned to exlend some 300 mm
from the upper surface in deep l i t ls:  i f  lhe deplh oi  the
concrele s less than 1 5 m i t  can be taken that weaker

Table 8 Reduct on ln slrength at top of l i l t  for diJferent
cube strengths accordrng to Petersons,r50l

(%)

20
40
60

l 5  t o  2 0
2 5 l o  3 0

Tabl€ I  Reduci lonin slrength duelo presence ot

t%)

0 4 ' l t o 0 5 4
0.551o 0 62
> 0 6 3

0  5 0 1 o 0 ' 5 8
0 5 9 t o 0 6 5
> 0 6 6

5
0

I

concrete near the upper surface rs conf ined 10 Jess than
20% of the fui l  deplh. Some ot the l i leratureo"s,eT),
however,  indicates that the var iat  on can extend through
the Iul l  depth of a wal l .

3 Differences in compaction
11 is of len considered lhJl ,  for air  oontents up to abolt
I0%. each 170 of entrapped arr cadses a red!cl ion in com-
pressrve streng{h ofsome 5to 6%. Thrs is in generalaccord
wrth lhe results of lestsi '03) but more recenl evidencen@,
indicates that lhc etfecl  of  the anrrapped air  upon t i€
strength depends upon the nature of the coarse aggregate
and the water/cernent rat io of ihe concrete. Waren(t ,o,  has
exam ned the results and conciuded that each ' l% of en-
trapped arr reduces the compressive strenglh, on a com-
pound basis.  by the amount indlcated in Table 9' .

Theeffectof 3 pa(iculaf airvoidcontentuponthecom-
pressive strength of a core wi l l  be greal€r i f  the voids are
unevenly distr ibuted.

A Differences in curing
An impo anl factor aflecting the relationship between th€
Act!al Strenglh and the Potential Strqngth of conc.ete o{
thesameage s the di f ference in the cur ing historybetween
the concrete in a core and that in a cube represent ing the
same balch of concrere. The di i ference in the cur jng may
l,c occasionod by a dl f terenc6 in thormal history or in
avai lable moisluro lor hydral ion.

The lhermal history of a concrete elemenl of s imple
shape can be Jorecastrt t r)and used to est imate the eq! iv-
alent age under the curng condit ions appl ied lo standard
cubesl l l r  l f  lhe concrete is more than 28 days old, the
dif ference in strenglh represenled by the di f ference in
equivalentage rs l lkelylo be low. In viewof the imprecision

'For ex6mple, if 1% ol €ntrapped an reduces slfenglh by 8%.
ennappeda iw i l l reduces t renorhby I00(1  -092r )%= 22%.
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of the es|males and assunrpl ions involved. i l  rs probabiy
best to assume that ary drf iarence in slrength caused by
d i terences in thermal hlstory caf be ignored.

The possibi l i ty ol  the Aclual Strength or the concrete
being adversely affect€d b! loss of moistufe wrl t  Cepend
upon clrcunrstanc€s. Ev denaerrE)suggests i |aL i t  is essen,
r ial  1o pr! toct s labs bur,  n tempefare cl imates, i l  is not
normai ly necessary lo cure t t rrmed surtaces af ler lhey have

The rf iect of  cur ng upon lhe relatrofship between
Actusl  and Potent al  StrenErh has. rh€reiore. two drst nct

the loss of moislureirom the sur iacei
the general  drf ierence i f  (u. ing condit ions berw€en th6
c o n ( r e l e  I  r l  e  s r ' L c l L r e .  n d  l l  e  l e g l  c . r b e

Lass of moisture frcm lhe s{1/rce. The evidence suggests
that forms are l ike y 1o pfev€nt ser ious loss 01 morsture. so
that this is only lkely 10 orcur tom a surface which is
exposed from the t ime of cast ing. Such surraces are oo
viously at the top of a l i f t  and, hence. composed of con
crete whrch is normal ly unrepresentat ive due 10 segrega
l,on. dn\ ,edL, l ion ,1 sL eng n ca,spd oy poo ,  Lrrrg -u, l
be addit  onal lo lhe eftect ol  segregat ion.

The effect of  poor cur ing probably only exrenos ro a
deplh of some 50 mn] i rom the upper slr tace and so is
seldom relevant to cores dr i l led hor20ntatty.  The t inte
evidence avai lable. therefore, rs based qpon cor€s drr l led
ve(ical ly into pairs of s labs. one ol  each pa r betng wel l
cured and one poorly c 'r f  ed. Dala avai lable are summaf ized
l n  T a b l e  I 0 .

General dif{ercnce tn curing cotidtttcns betwea. l.?...
crcte in the st,ucrure and tlE te- ubc. Many Investlg:
t o r s 'G .3 ,1 ! , ? i , r , r ? , s , { 3  50 , i

nraCe drre. i  obser ' /at ions (  r l  l l re rclat ive strefqths of
spec mens cul f rom wa ls,  columns and slabs and oT cast
specimefs ol  lhe same shape. Results have conl l  ct€d bur.
in generf .  i l  has been lounJ that lhe strengrhs of cores
taken trom structures are lolver than those of cast specl-
mens tested at an age of 28 days. the reduct on being !p
to about 30%. The cores. however.  of tcn included unrepre-
senlnl  ve concrele n€ar the top ol  a l i f t  of  a slab and many
of the test methods di f f€red considerably i rom procedures
current ly used in the Unrted Klngdomi much of rhe earl ier
work was also conduclad of cores dr l led before dlamond
cuttrng was employed.

Some o{ the more rel iable nfornat ion is grven in Table
11 .  Unless otherwise staied. the cores had a length/dram-
eter rat io of 2j  al l  cubes and cyl i rders were lested when
ihe concrete was about 28 days cr ld and unrepresentat ive
concreie towards the lop of r  l i f l  was not included in the
cores. The use of parentheses :ndrcates that the value

T a b l e l 0  q ^ d - . r i o 1  '  . r ' e r  t t n L , ' . . r o p o o r  , L f i n g
according to var ious aulhors.

concerned has been calculated on the basis that lhe cube
strength is ' l  25 r  mes the cyl inder slrength.

Pelersons{1!)  reviews the felat ionshtp between dte core
strefglh and the cyl  nder slrength as evaluated by vai"ous
aulhors. In a later paperlrr)  he suggests that the mean
vd ues oI the sl fenglh in a t in ished slructure are approx-
' a d r F ,  p l d l e d  r o  r l r c  \ l r e n q r l  s  o '  s l J n d a r d  . p e c  r e r s  a s
rndicaled in Table 12.

Upon rev ewrng al l  the avarlable evidence, i t  is di f f icul i
to delect any consisrent etfect of  ei therthe st .ength level
or the ei f ic iency of cur ing upon the relal ionshjp between
lhe svength of cores and of standard cubes. An assessment
of al l  the results.  with due reg;rd to the degree to which
the var ious r€sults would ssem 10 be rel iable, suggests ihat
i t  mght be assumed that the folowing relat ionship is
appfoximately true for cores laken from concrcte cast on -
srte and dr i l led venical ly:

Core Sltenglh () .  = 2) = 0 67 x Potent ial  Strength
i .e.

Potentral  Slrength = 1 5/,

Est imation of Potent ial  Srrength
The Potenl ial  Slrcnglh can be assessed from the Core
Sl 'engl1 by consdo,rng Ina l l  rae cores , l lusVJted In
Figure 5. As discussed earl ier,  i f  the strength of 1 (a) is p,
t h e  s l r e n g t h  o f  1 ( c )  l s  2 1 6 p / ( 1  5  +  1 / l ) .  l t  h a s  b e e n
shown that.  in general .  the Potent ial  Strength is approx-
rmately 1 5 t imes the strength of a core of length/diameier
rat lo 2 dr i l l€d in a ve( ical  dlrecl ion. This only appl ies i f  the
core is free of rerntorc€men1, is wel l  compacted and does
not lnclude the weaker mater ial  n€ar lhe top of a | f t -

The Est imated Potenlral  Sirength, fpd, rs therefore
grvei by lhe equalrcns:

,  3 25f)
' r '  =  

t {  +  i / t

i f  cores are dr i l led n a horizontal  direct ioni

r4.
I  5  +  l / r

i l  cores are dr i l led in a vert icaldiract ion.
Table 13 compares the values of Polent ial  Slrenglh

yielded by the above fofmulae with values yielded by use
o t r h e d a t a i n  B S l S S l . T h e f o r m u l a e y i e l d h i g h e r s t r e n g t h s
because BS 1881 takes no account of the direct ion of
dr i l l ing or di f ferences in cur ng;1he increase is greaterwhen
the length/drameter rat io is high because BS 1881 under-
est ima "s th" _f lLF..  e of L^rgrh/dramler ratro upon co e
str€nglh.

Difference belween Actual and Potential Strength -

The formulae for conveding core strength to cube strenglh
indrcate that,  l f  tho concfot€ rn tho struclurs rs ful ly com- ,
pacled 3nd normal ly cured. the Actual Slrength is about
77% of the Pol€nl ial  Strength.

The relal ive strength of struclura concrete and slan-
dard cured cubes has been srudred by non deslrucl ive
lechniquesrl04, ' r i . r0rr .  Resut lsr ' , ,7 '  oblained on four si tes
ar!  rummarized in fable 14

The tests indicalad a grealer d l ference between Aciual
and Potenl ial  Srrenglhs than given by the formulae. One
reason lor this is that rhe concrete tested included the
weaker malerral  lowards ihe lops of l r f ts in wal ls and
columns and n€ar lhe upper surface of s labs.

f redLc to ,  I  corc  s r rc fOrh
asso ' )  a r r l  w  1n  Door  cor  n l
(vt

70
8 1
86

I  t 4
? 5
2 5



Tablel l  Relat ive strenglh of cores from slruct l_rres and test cubes.

Core suengrh

0 8 9

0.94
0 8 4
0 7 5

0.91
0 7 9

0 8 1

0 6 3
0 7 0
o 1 7

0 8 2

0 8 8

(0 88)

( 0  7 r )

0 8 9

0.64

(0 73)
(0 63)

(0 65)

(0 50)
(0 56)
(0 62)

(0 66)

(0 70)

o 7 1

1 6  t o  3 9

1 6
3 l
49

28

36
32

2 1

3 5

t 0

81

I

2 8

28

34

0 8 5
0 8 1

0 7 3

( 1  1 3 )
0 10)

(0.89)

0 8 5

(0 68)
(0 65)

(0 58)

0 9 1
0 8 8

0 7 1

(0 68)

37

27

68
5 2

45 to 75

3 7

9 3

9 3

8 l

6

2A

(0.85) 0 6 8 2A 121n1

(1)  cores  raken t rom lu  ldeptho lsab
(2)  cores tes led  in  mo ls l  condh ion
(3)  Core  s tenq lhsco i iec r€d  f rom resu  rs  o f res ls  on  cor€swi th  r  =  1  0
(4) Corc si.enolhs coirecled lrom resu rs ol tesrs on coreswilh r = 1.1
(5) Core st.enqlhs co(ecl€d i.om results oflests on co.es wlhl = 3 0

Table 12 Belal ive strength of standard cyl inders and
cores from slructures.(ae)

( 6 )
( r )

Cores rested in dry condilion
Resuhs basad upon lests on 24siles

' idble 
14 Relat vestrength ofconcretefrom actual

slructures and in cubes.(r07r -

t%)
Mean ra t io  o t  Ac tua lS t l€ng lh

20
30
40
50

1 9
2 l
36 '

5
t 0
1 5 '
t 5

0 6 8
0 5 9
0 4 5

3
2
2

'F ic ! res  malhemal ica l l y  lncons is len t

Tabl€ 13 Comparison ofstrength valuesyrelded by use offormulae recommended hereior potenl iatstrength and
by use of dara in BS 1881.

l = l '  j . : 1 2 '

B :  B S  1 8 8 1
1 30/1
1 15/).

1 3 %

1 3 9 h

1 8 %

1 6 2 r r
1 2 5 4

30%

1 2ar^
r  r 5 a

1 2 9 r ^ 1.5otr
1 25t^

20%

'Limirs recommeFded in Pan 3



E{{ect of  ag. upon Core Strength
Cores are of le!  used to obt.  n an est male o{ the Potenl ial
Strength pnor to the t lme at v/hrch ihe cores are lestedt i t
is,  lor example. ol len wrshed : :o obtain an esl imaie of th€
Polent ia Slr€ngth at 28 days l rorn the resul ls of core tesls
conducted at ater ages. Thrs nqces3itales !ome knowledge'
ol  the rate at which the concrcte w l l  garnttrength

f l o s t o f  t h € a v a r l a b l e d a t a o n t h e  n c r e a s e r n t h e s t r e n g l h
of concrete with t ime have been obia ned from lesls on
varrous lypes of s landard specimen cured at a constani
temperat!re whi lo i rnmcrsed n walor The rasul ls of those
tests cannot be app|ed direct ly 1()  elemenls ol  concrete
within a larger mass because of di f f -"rences ln the iampera-
r u r o h i s i o r y a r d i f  l h e  v a i l a b i l  t y o l m o i s l u r e i o r h y d . o t i o n .
Any al lowance for the el fecl  of  age upon the st fength of
concrete must.  therefore. be brsed upon data obtained on
tcstrng concrete cast as parl  or a Larg€r mass or on specr-
m€ns cured under srrni lar con, l i t  ons to concrete w lh n a
la.ger mass. l t  is doubt lulwheiher the guidance on raie of
gain oJ strength g ven in the Depanmenl oi  ihe Environ
m9n1 Specitrcal ion ior Boad and Br dge Worksrt"r  and in
the Code of Pract ice for Slruciural  Concrete(r ' � r r  was
oblained in this way.

The rate ai  which concrete ! larns strength also depends
upon the characler ist  cs of the cemenl,  being iniLuenced
not only by lhe lype of cement but by var al ions b€tween
d i ierenl cemenls of the same lYpe. The character ist ics of
aement have changed and drf fer between one country and
another,  so that any data which may be avai lable may nol
be representat ive of cuirent concreta produced n Eri tain.

CampbeLland Tob n(:3i  conducted tests on corcs dr i l  ed
from wel l  cured slabs cast n a af 'oratory; the slabs were
made wLlh Type 1 cemenl.  thc l .me ican equivalent of
or l l  fary porl land c.r Idrt .  Tln) r . : r i l ts ol  thc losls or) cor-
crere made w th ag!regal€s ol  nor:na uensity noicaled an
increase of strength oi  belween 3 and 13% between the
ages of 28 and 84 days.

Bto€nr* ' )  conducted sim lof  lcsls wir ich indicaler l  a g.rn
o t l 1 % b e t w e e n  2 8  a n d  9 1  d a ! s . w h e n T y p e  1  c e m e n t w a s
used. ancibetween 4 and 13%wh€f using cemenlofType
l l l ,  whlch is the American equivalent ol  rap d-harden ng
Portnnd ccnranl.  lhaso rosul l r  wcrlr  oblnrnod lronr coros
raken lrom slabs wh ch were v/el l  cur€d; cores taken trom
poorly cured slabs had 91 day strefgths of between 92
and '102% of the 28 day vajue Blo€m's resuLts also indi_
cated a strenglh reduct ion bet"{ecn 28 days and a year of
between 1 and 8%{orth-"wel lcured s absand between 10
and 177o for lhe poorly cured rr lernents. No cxt l . ,  ; r1r!rr  's
ol , . r"  for (^e "d i .  a.  1s. e! ! lL. . , l l : : !_:a5 .9 dgF.

_ , q 9 . . 0 1  a r d  T o ^ a  e r  d ' ? ' r  n r o  d e  , o r m ' t 0 1  o - l
the strenglhs of 900 mm lonC x 450 mm diameter cores
dnl led from 13 mass concrele dams constructed over a
period of 30 years The mrxes wera made with sulph3le-
res.sr rg Lemenlc. oi  

-voe" I  dr o l / .  a| .d moql mi\es
included pozzolanic maler i3ls 6nd/or airentralning agents
Understrndably.  the resul ls srowcri  .onsrderable van0-
t  ons between one sr le i rnd .nblher bul ihey did indicate a
consislent increase in slrength with lhe i fcreasing ages of
lest ot  28. 90, 180 and 365 daYs. Other tests conducted bv
the ELreau oi  Feclrmationrs '  'n t t )  show that the
strength of mass concretg ccrsrsrent y
pef iod o{ 22 years.

Ultrasonic pulse-velocrty te:r ts ir0:)  made on s tes n ihe
Unired Kingdom indicaled a r  lnclcase in strength of

40

rn srrength with age from ultrasonic-Tabl€15 lncrease
pulse'verocrty tPsts

^4€an increase in stength
between ageso l2S davs

(%)

B
D 1 9

22
35
30
2Q
24

Table 16 In.  e"se o lA,  l , rd  SL'engr ' r  " { i th  aqe.

Actual Stfenslh as tound in reference Inreired
. tange

2 A  A 4  1 0 5

2 A
9 l

1 8 2
364

1 0 0

1 3 0
1 3 4

100
1 0 3  t o  1 l 3

1 0 0
t t l

l 0 l  t o  1 0 8

100
100 lo 120
100 to 130
1 0 0  r o  1 3 5

approximately 30% trom 28 days to 6 monrhs and about
3% from 6 monlhs to 1 year.  The results of a more recent
analvs s ot these, and later,  results l12?) are su.nmanzed ln
T a b l e  1 5 .

l r i e  e s l s  o n  t l  e  q /  ^  P - b a r s  ' h o ^ ' d  a  - p d n  i r  c r e a s e
of 23%. the increase being sim lar for columns. wal ls and
slabs. l twas not possiblcto ident i fy lhe tactors responsible
lor di f fercni jo i f  t l rc ar l r  i r r  strcngth botw6on ono srt0 and

Two o{ the authors oi  this Report  have independenl ly
conducled compressive tesls on cub€s cufed by val ious
regimes bul al l  immersed In waler ior at  least lwo days
before test.  The results suggest that concrete gains l i t t le,
i f  any. s lrenglh after 28 days i{ the method of cur ing rs such
as to reduce the slr€ngth to less than 80% ol the Poteni lal
Stfafglh. Suclr  a mathod oi  cur int l  appl io3 in strucluros,
the lormulae developed n this Repoft  indical ing that the
Actual Strenglh is.  on average. aboul 77% of the Potent ial
Strength.

The relat ve sl fenglhs at di f ferent ages ol  cores laken
from properly cured concrete. rnadewith ordinary Port land

- aernenl and no admixture, are summarlzed in Table 16

Variabi l i ty of  r€sults
There is a consrderab e amount of nformation{6 3 r t ' ' �e ' t ' t6)

on the var iabi l i ty of  cores cut i rom slabs and wal ls.  This
rndicaies that there is a tendency lor the var iabi l i ly 1o be
grealer when the cores ate of smal l  diameter '  alrhough
some invest lgal ions ndicate that the size of cofe has no
signif icant ei lact.

i t  s d f f icu t  10 summarize lhe ava lable ntormal ion; In

some cases, the var:at ion is high. plobablv because i t
ref lects the helerogenei ly ol  the parenl concrete, wnrls l  rn

others 1ow values have been lecorded often on the basis
of a smal l  number ol  results Table 17 sives an indicat ion
of the coelf ic ients of var al ion which mlght be expecled
from cores dr i  l€d vcrt ical l i  i rom slabs cast in a laboratory
and horizontal ly f rom the lower pans ol  wal ls cast in a



Table 17 Typ cr l  coelf ic ients of var iatLon ior the
strenglhs oi  cores dr i  ed frorn concrete cast in a

Co! lJ r : ien l  o l  va /  a r ion  ro r .o res

50 mt r  l00hd 150 mrr

laboralory.  These i  gures nray b€ compared w th a coef f l
c ient  of  var ia l ion of  about  3% wh ch can be achieved when

In pfact ica l  s i tuat ions,  the var iabi l i ty  oI  the Core
Strengths is ,  to  some extenl  ind icat ive of  the var iat ion in
Acrual  Sl rength ln  a s l fucture.  l t  s .  however,  l i t l le  gu de 1o

'  iho prccisioD with wh ch the Potenl ial  Strongrh may b€
est imared as this depends, to a very arge extenl,  upon the
val idi ty ol  the /ar ious convef i ion factors emp oyed.

Further research
l1 is clear that there s no simple relai ionship between the
mean strenglh of a set of  cores and the Potent al  Strenglh
of the concrete: any est imale of Potent ial  Strenglh wi l l .
therefore, be subject to corsiderable elror.  This error is
reLaied both to the inherent vanab l ty in the str€ngths of
indrvidual cores from one batch of concrete and lhe rel i '
ab t ty of ih€ conv€rsion factcrs aDpl ed. There Ls, ths,€iore,
a l im t  lo the addi l ional precision ",hich can be achieved
by test ing a larger nuf i rber o- 'cores. i t  may be possib e 10
develop improved formulae lo convert  Core Slrength to
Potent aLStrengt lr  b! t i twi l la lw:ys bc necessa ry to ;ccep t
a srbstanl ial  measure ol  approxrn'alron. A majol  rnprove'
ment in the rcl iabi l i ty of  the assessed values of Potent ial
Strenglh m ghtbeachieved I  more informatron weleto be
obrnlned on dre di f lorence b€twe,i i r  the actual and poien_
rial  qua|r ies. This would enable a more resl lst  c melhod of
converl lng Core Strength to Poienl ial  Strengttr  10 be de-
velopedi th s might lake spe,) i f ;c aocount of some of the
ni luencing {actors such as the thermal his lory and mois

ture condit  on of the concrele. ' lhe precision w th which
ihe Potenrial  Strength could be assessed would also be
i.nproved i f  a more accurale method of assessing the
reduct ion in Core Sirength caused by the presence of
voids cou d be d€velopedi more knowledge on the eff€ct
of age upon the strenglh of i r  s i tu concrete cou d also be
of conslderable value.
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T1p eslrmale of A.r  ral  Sl ,enol l  i .  l i le \  lo b€ l . lor"f
re ab e t ldn an osgFss-enl of  Pole'rr ;al  s l 'crglh because I  

'

r t  is nol  necessary to use so many conversion factors.!J
Again. r t  is possible that the recommended equat ions may -

have a consistent lend€ncy to give ei lher high or low 15.
resuits.  A bel lerest mate mi(rhi  be achleved i f  more data
r€lat ive to the var lous conversion iaclors were 10 be of)
rained. The main problem in assessrng AclLral  Strenglh
is.  however.  i rkely to l ie in lhe lnlerpretatron of the result  \16
ratherthan in i ts der ival  on.
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