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Standards Committee, is a revision of clause 3 of
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International Organization for Standardization (ISO),

w hich adopted a UK draft.

No estimate of repeatability or reproducibility it given in
this Paro nf this British Standard. Reference should be

made to BS 5497 : Part 1 for further information on the
determination of repeatability and reproducibility.

Compliance with a British Standard does
confer immunity from legal obligations.
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British Standard
Testing concrete

Part 121. Method for det er mina tio nf staticmodulus of elasticityin compression

1. Scope

This Part of this British Standard descr ibe sa me thod for
the determination of the static modulus of elasticity in
compression of hardened Concrete, on test specimens
which may be cast or taken from a structure.

2. Definitions

For the purposes of this Part of this standard the
definitions in BS 5328 apply together with the fetiowing.

static madulus Oi elasticity in compression. The secant
modulus, which, in newtons per square miflimetre,
is calculated from the formula:

Aq

A,

where A,, and A, are the differences in stren ansl strain,
respectively, between a basic loading lawel of 0.5 NAnm?
and en upper loading level of one-third of the comorassive
strength of the cancrate.

3. Apperatus

3.1 Comgpression testing machine. The machine shall
comply with 8S1881 ;. Part 115 for compression testing
machines. It shall be capable of applying the load at the
specified rate and maintaining it at the required level.

32 Strain measuring apparatus. The strain meésuring
apparatus shall have an accuracy of 4 6 micro strain.

instruments for measuring length (for examgple mirror or
dial gauge extensometers, resistance strain gauges,
induetance gauges, vibrating wire strain gauges) shail ave
a gauge length of not lass than two-thirds of the width or
diameter of the test specimen {2/3d} and shall be ettached
in such a way that the gauge points are equidistant from
the two ends of the specimen and at a distance not less
than one-quarter of the length of the test specimen {£/4}
from its ends.

At least one pair of measurements shell he taken on
opposite tides of the specimen. With rectangular
specimens cast in a horizontal position, the gauge lengths
should be arranged on the vertical sides as cast.

NOTE. Where fixing points for extansomastars sre required,
threaded inseris cast into the specimen are prafarced.

If adhesives are used for the f ixing paints they shauld he
rapid setting and set hard. The specimen shall ba removad
from the curing tank for as short a time as possible tn
allow the surface to be dried for the application of
adhesive. Specimens shall not be less than 7 days old
when removed far this purpose. Specimens shall be

m-immersed in water for a minimum of 12 h before
testing,

4. Test specimens

4.1 General. A minimum of four moulded specimens
shall be made. Three of these shall be used to determine
the mean compressive strength or alternatively, three extra
cubas may be made at the same time as the specimens

for this test end tested ta obtdn the wmprenive strength
of the concrete. For specimens taken from a structure
the compressive strength may be estimated from other
information available.

NOTE, Moulded test specimens should praferably be cylinders
150 mm In dfameter gnd IGO0 mm in height, Alternatively, other
tast spacimens may be used, provided thet ths length to diameter
ratio, 4 is not less than 2 nor more than B, where / Is the length
and  the diameter, or, for a square cross-section. d is the width
of one face of the speciman.

The minimum dimensions of mouided specimens shell be
100 mm or at least four times the nominal maximum
size of sggregate In the concrete whichever Is the larger.
In tha case of specimens drilled or cut out of a Structure
or other sample of concrete these dimensions shall be not
less than three times the nominal maximum size of
aggregate in the concrets nor kess than 100 mm.

4.2 Preparation of test specimens

4.2.1 Moulded test specimens (beams or cylinders) shall
be made, cured and stored in aceordance with the relevant
Parts at this standard. in addition, for eylindrical
specimens, Whilst the concrete Is still plastic first finish
the surface of the concrete level with the top of the
mould snd then press the 1op plate, coated with a thin
film of mould oil, down on to the concrete with a rotary
motion until it makes complete contact with the rim of
the mould. Attach the top plate rigidly to the top of the
mould and lay the mould, with top and bass plates,
withits axis horizontal on supports which prevent any
movement. Lightly tap the capping plate to ensure good
econtact with the trowelled surface of the concrate,

Altow the eylinder to harden in a horizontal position until
itis removed f tom the mould.

4.2,2 Specimens drilled as wres from a structure shall

e drilled, stored and their ends prepared by grinding

or capping in accordance wirh Part 120 of this standard.
4.2.3 Unless rectangular moulded specimens comply
wvith the dimensional tolerances in 4.3, their ends and
those of other sawn specimens shall be ground to conform
with the tolerances.

NOTE, Moulds far beams do not necessarily conform with the
squarenass tolerance for the end face relative to the.axis,
43 Tolerances, The tolerances in accordance with

BS 308 : Part 3 of theprepared specimens shell be as
follows.

{a) Flatness. The flatness tolerance for the oreogrel—
end surfaees shall be 0.08 mm wide,
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(b) Squareness. The squareness tolerance (squareness 3
of BS 308 : Part 3) for the end prepared fint with
respect to the axis of the specimen as datum axis shat!
be 2.0 mnl wide.

(c) Parallstism, The parallelism tolerance {parallelism 4
of BS 308 : Part 3} for the ptepared surface with
respect to the opposite surface of the specimen as
datum face shall be 2.0 mm wide for alt specimens.

For rectangular specimens, the parallelism tolerance
of opposite sldes of the specimen shall alsobe 2.0 mm
Wide.

(d) CyHindricity. The cylindricity tolerance for moutded
cylindrical specimens shall be 2.0 mm ox as given in
BS 1881 : Part 120.

4.4 Demsity. Measure the as-received or satucated density
of the speeimens by the method describet] in
BS 1881 : Part 114.

5 . Procedure

5.1 Determination of compressive strength. All specitnens
, shall be tested in a moist condition.

Detenmine the compressive strength of the concrete on
three companion specimens, from the same batch as
those to be used for the determination of the static
madufus of elasticity, and made and cured under similar
conditions, by the compression test carried outin
accordance with BS 1881 : Part 116.

NOTE. Alternatively, the carnpressive strength may be estimated
cm other information available, e.g. from cube strengths end the
basls of the sstimate reported,

The mean value of the compressive strength, f,, determ ines
the stress applied in the determination of static modulus
o f slasticity.

5.2 Determination of static modulus of elasticity.

Place the test specimen, with the measuring instruments
or fixing points attached axially, centrally in the machine.
Apply the basic stress of 0.5 N'mm’ lgy,}, and renord the
strain gauge readings taken at each measurement line.

Steadily inerease the stress at a constant rate withitr the
range 0.6 %+ 0.4 N/lmm? s} until the stress equal to
one-third of the cormpressive strength of the concrete
(a, = fgf3}is reached.

. NOTE. The preferred rate is 0.6 N/(mm? -s).

Maintain the stress for 60 § and record the strain readings
taken during the succeeding 30 s at each measurement
line. If the individual strains are not within a range of

+10 % of their mean value at 0,, recemtre the test
specimen and repeat the tost. If it is not possible to rertuce
the differences to within this range, do not proceed with
the test.

When tho centring is sufficiently accurate redues the load,
at the same rate as during loading, to the level of the
basic stross. Carry out at least two additional preloading
cycles, using the same loading and unloading rate,

and maintaining the stress {g, and 6} constant for a
period of 80 s, After completion ot the fast preloading
cycle and a waiting period of 80 s under the stress

Oy =05 N/mm2 , at the various measurement lines

record the strain reading, €, taken during the

succeeding 30 s,

Reload the specimen to stress g, at the specified rate,
and at the various measurement lines record the strain
reading @,, taken within 30 s.

tWhen all slasticity measurements have bean completed,
increase the load on the test specimen, at the specified
rate unti! failure af the specimen occurs. If the compres-
sive strangth ot the specimen differs from f; by more
than 70 %, thiz shall he noted in the test report.

6. Calenlation and expression of results
Caloulate the mead strain €, and €, 1espactively.

The s1atic modulus of elasticity in compression £,
{in B/mm ) is niven by the formula

g, i the ouper loading stress (In N/mm® ) (o, = £./3);
a,, is the hasic stress (i.c. 0.5 N/mm?);

@, is the mean strain under the upper toading stress;
€y, it the mean strain under the bask stress.

£ xrirese the result ta the nearest 500 N/mm? for values
over 10 000 M/mm? |, and to the nearest 100 Nfmun? for
values below 10 000 NAmm? .

7. Test report

7.1 Generat. The test veport shall affinm that the tests
were csrried out In accordance with this Part af this
standard, The repgrt shall also state whether or not
certificates of sarmpling, specimen preparation and curing
are availatde if gvaitable, a copy of each certificate shall
be provided.

7.2 Information to be provided by the producer of the
test specimens for inclusion i the test raport

7.2.1 Mandateryv information. The following information
shalf he provided by the producer of the test specimens
for inclusion In 'he tost report:

{2} date time and place of sampling and sample
identity number;

{b} identificaticn of the specimen;

{a) *ime and nlaee of making specimens;
{d} rlate af production of the concrete;

{e} number ard nominal size of specimens;
{1} ronditions of curing and storage;

{11} name of nerson making specimens:

{hY ranuired aa2 of the specimen at the time of testing,
or date of testing If the age is not known.

7.2.2 Dprionst mformation, If requested the following
informartion shalt bc provided by the producer of the test
speeimens fnr inclusion in the test report:

fa} huilding project;

(b} part or somnarent of the building;

(e} achnisttures nsed;

1Y spenified compressive strength,
7.7 'aformatior to bu provided by the test ishoratory
for inclusten in the test report. The folfowing Information

shatl ha provided by the test laboratory for inchssion in
the test report:

{a} condition of the spacimen when received, and any
surface treatment;

{b} type and dimensians of the specimen:
{c) iate0 f receipt of the specimen:
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{d} conditions of curing and storage: {}) compressive strength of tha specimen usad for
(8) date of test: the determination of the static modulus of elasticity;
’
1 . ity
(1) age of the specimen at the time af testing; i) static madulus of elasticity;
(g) dersity (as-received or saturated and methos ¢ f 'l appearance of the concrete end type of fracture,
determining volume); if veassual;
P mj ifi 7 been carried out in
h) type and number of measuring instrumants s mi certificate that the test has
ih)e gauge length; 9 ' ' ancotdonce with this Part of thk standard;
(i) mean compressive strength of the cornpanior {1} other remarks,

specimens or, if estimated, the basis of thn estimates:
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This British Standard. having bean prepared under the direction of
the Cement, Sypsiun, Aggregates and Quarry Produets Standards
Committee, was publitshed under the awthority of the 8oacd of BSI
and comes Into affect on 31 Jaruary 1993.
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British Standards Inatitution. Incorporated by Royal Charter, BSl is
the indepeadant nationa! body for the prepsration of British
Standards. It is the UK membor of the Intgreational Organization
for Standardization and UK sponsor of the British Nationa!
Commitige of the Intarnationat Electrolechinicnt Cammistian

In addition ta the preparation and promuigation of standwrds, BS|
affers specialist services including tho provision of nfarmetuon
through the 85! Library ond Standardline Datsbase: [ echnical Help
to Exporters; and other services, Advice can be abtainud [ram the:
Enquiry Section, BSI, Milton Keynes MK 14 6LE, tweiephone

0808 221168, telex 825777.

Capyrigtt, Users of British Standards are reminded that copyright
subsisty in all 85t publications. No part of this publication may be
rearaduced in any form without the prior permission s writing of
BSI. This does not preclude the free use, in the course of
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minteraentims the standard, ot neeessary details such as symbols and
sze, twpe or grade dasianations. Enquiries thould be addressed to
the Putiicetions Msaayed BRI, Linford Wand, Miltea Keynes
M4 S1E The mnubes o @lsphone enquiries ks §808 220022
and far telex 425777,

Cantract reguiresments. & British Standaed does not purport ta
includa all thn necessary provisions of a contract. Users of British
Standsrds o0 £ renQGstible tor their carrect applicstion.

Rostisiony nf Rritegh Standecds, Pritich Standads ace revised, when
neeaseary . by thz msne either o amendrnents o of revised editions.
it is important thot users of British Standards should astertsin that
they are in possession of the latest amendmaents or editions.

Auvtomatic undatiag servine. BS! provides an economic, individual
st g tennatic standmds npdating seevice called PLUS, Details are
available fram BS) bhnguaicy Section ut Milton Keynes, telepfione
AeNR P2 1168 etex B24 1) 7.

mfnrmatinn nn all S puhlications is in the 85/ Catalogue,
sunplemented each month by 8S! News which is availabto ta

subsce thing members of 851 and gives details of new publications,
revisions, amendments and withdrawn standards. Any person who,
when makirey use of 2 Rritish Standard, encounters an inaccuracy or
ambiquity, Is reauested to aotify BSI without detay in urder that
the reatter mary hepvestivated and appropriate action teken,
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Committe=, under yvhose direction this British Standard was
prepiared, consists of regresentatives from the following:

Agsoolation of Consulting Engineers
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* Instiwgtion of Highway Engineers
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