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Response to discussion of the paper: ‘‘On the measurement of
free deformation of early age cement paste and concrete’’

[Bjøntegaard Ø, Hammer TA, Sellevold EJ.
Cement and Concrete Composites 2004;26:427–435]
We were a bit provoked by the discussion of our

paper by P. Lura and O.M. Jensen (PL/OMJ), but hope-

fully this will only enliven the discussion on this impor-

tant topic. On this importance we agree, as evidenced by
the rather dubious compliment paid to us; that our

paper ‘‘has the merit of participating in this most neces-

sary debate on measurement techniques’’.

Of the many aspects in this debate PL/OMJ pick out

two for detailed discussions: (1) the relationship between

autogenous deformation (AD) of a concrete and its ce-

ment paste, and (2) the membrane permeability in volu-

metric method. Neither point is in our view central to
the debate, but certainly useful to clarify.

The most important issues raised in our paper are:

(a) Lack of reproducibility in Round-Robin tests, and

general lack of agreement between results in the

literature.

(b) Choice of procedure to establish a zero-point for

AD.
(c) Effects of bleeding.

(d) Contradictions between volumetric and linear

measurements.

(e) Effects of temperature/temperature history.

We think it is vital that these points be clarified if we

are to arrive at realistic test procedures as a basis for

constructing models for AD. Such models are necessary
as input in stress calculation programs, and is a severe

limitation on the usefulness of such programs today.

We hope PL/OMJ will contribute to this work.

PL/OMJ point (1): The simple volume fraction model

used by us was of course not meant to be an appropriate

composite model (we are aware of the vast literature in

the area), but merely as a demonstration that the paste-

to-concrete reduction factor of 0.28 did not even come
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close to make the two agree (our Fig. 10). PL/OMJ sug-

gest Hobbs model which in the simplest form gives a

constant reduction factor around 0.21 (their Fig. 1), thus

really further demonstrating our point in Fig. 10 in that
Hobbs model would not improve the agreement much

either. They then apply the simple Hobbs model to their

own data set—a model that is as ‘‘conceptually wrong’’

as our; it simply gives a different factor, 0.21 versus 0.28.

The problem is not primarily the composite model

but the incompatibility of our paste and concrete data

as discussed in our paper.

The fact that the PL/OMJ data (their Fig. 1) give
consistent results using the simple Hobbs model is of

course gratifying, but they do not discuss the crucial

question of how the zero-points for the AD are chosen,

nor do they discuss the water in their own aggregate.

The former is a difficult question (see for instance

Fig. 1 in our paper), and in addition we do not expect

a pure paste to behave identically to the same paste in

concrete in this respect, since the filler and fine aggre-
gate in concrete do influence early hydration. Freiesle-

ben Hansen [1] discusses the point in connection with

early heat development and concludes that paste data

should only be used when comparing cements; for heat

calculations in concrete it is necessary to test concrete.

We believe this heat argument is equally, or even more,

valid for AD—since both properties are directly related

to hydration rates. The zero procedure for free defor-
mation results (autogenous- and thermal deformations)

is discussed in some detail previously [2,3] introducing

the practical concept of ‘‘stress-inducing deformations’’.

The topic was later discussed in [4].

For paste the zero-question is often more difficult and

much of the difference between curves found in the liter-

ature are caused by very early differences. Both Fig. 1

and 10 (our paper) and Fig. 1 (PL/OMJ) show how steep
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(or variable) the early slopes are for pastes—which of

course is accompanied by strong influence of the chosen

zero-procedure. Perhaps a good procedure for isother-

mal paste data would be to zero at 24 h in order to facil-

itate comparison in two time periods. We invite PL/

OMJ�s views on this question.
The PL/OMJ discussion on other factors influencing

the paste/concrete-relationship leaves us with an ‘‘eerie’’

feeling. Each factor (water reducing admixtures, water

in aggregates and the evolving ratio between the elastic

moduli of paste and aggregate) are discussed quite sim-

ilarly in our paper—did not PL/OMJ read it through?

They refer to own work on these question; such as water

in aggregate as a source (their Ref. [4] from 2001). We
note that we discussed the possibility in 1997 [5].

PL/OMJ point (2): PL/OMJ demonstrate that water

transport through the rubber membrane takes place

from the very start of the test due to osmotic effects––

and not as we stated only after self-desiccation becomes

significant. We of course accept this data which, to-

gether with our data on later water penetration, should

eliminate the use of condoms for AD-measurements in
the future. However, we believe their finding has no

practical significance in the early fluid phase. The water

moving through the membrane would not be recorded

as a volume change, since the increased weight inside

the condom would be exactly compensated by increased

buoyancy. Therefore, data up to setting are valid, as evi-

denced by our experience that chemical shrinkage and

condom method data agree quite well in this period.
When a solid skeleton is formed and empty pores de-

velop, then of course the extra water taken up early due

to the osmotic effect (plus bleeding water, if present)

combines with the water driven through the membrane

by relative humidity and pressure gradients to disturb

the autogenous condition, as pointed out by PL/OMJ.

This means of course that AD data after the departure

point between chemical shrinkage and condom data
(often in the range 4–10 h at 20 �C [6]) are not valid. Our

formulation ‘‘beyond some days’’ is clearly erroneous.

In conclusion we would like again to emphasize the

problem that published reports on AD are often in con-

flict, but this is often ignored by the authors who then

proceed to explain/interpret their own results in isola-

tion. One example may be the occurrence of early

expansions often found by some techniques/materials
combinations, but not with others. Do expansions exist

(apart from bleeding/reabsorption effects)? Another

example is the effects of the entire temperature history

from water meets cement. Very few comprehensive re-

ports exist on this most important question (very few
concrete structures are cured isothermally!)––and it is

discussed to a surprisingly small extent. A literature

study giving the status on the field was reported in

1999 and 2001 [1,7] and a more condensed version of

this study was published in a RILEM State-of-the-Art

Report in 2003 [8].
We hope our paper will promote discussion and more

work in these areas that are basic both to our fundamen-

tal understanding and to practical use of Advanced Cur-

ing Technology Programs.
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