
 

The way admixtures work

Citation for published version (APA):
Kreijger, P. C. (1983). The way admixtures work. (TU Eindhoven. Fac. Bouwkunde, Vakgr. Konstruktie; Vol.
BKO/MK-83-08). Technische Hogeschool Eindhoven.

Document status and date:
Published: 01/01/1983

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/f1f77733-1375-4344-a04d-36d4e2ee28d6


", :'., ,. 

THE WAY ADMIXTURES WORK 

Invited paper for the" ERMCO 
Congress '83 

Prof.lr.P.C.Kreijger 

April 1983 

THE-BKO-f1K-83-8 



The Way Admixtures Work 

P.C.Kreijger 
University of Technology Eindhoven, ._ 
PO Box 513, 5600 MB Eindhoven,the Netherlands. 

1. Introduction 

In fact concreting is a chemical process, determined by the 

reaction between cement and water, which -popular represented

shows three structural stages (fig.l). 
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FIG.1 : Structural stages in cement hydration (schematic) 

Cement: 

- C3S (C=CaO, S:Si02) 

- C2S 

- CL. AF (A=Al 203 , F: Fe20 3) 

- C3A 

- gypsum (CaS0L. 2H20) 

nomenclature: 
C=CaO 
S=Si02 
A= Al203 
F = Fe203 
H=H20 

Stage 1 - Forming of lime=Ca(OH)2 and ettringite' 

(C
3
A.3caSo

4
.32H

2
0) takes place during the first 

3-10 minutes: no structure 

Stage 2 - After about 1 h, long fibred (CSH) micro-crystals 

are formed which bridge the water filled space 

between the cement grains. The more long fibres 

there are formed, the greater the final strength. 
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This stage lasts until about 24 hi at low temperature 

longer, at high temperature shorter, retarding 

this stage gives more long fibres so better final 

strength. Also all gypsum (CaS0 4 ,2H
2

0) is passed 

now into ettringite, mostly also with long fibres. 

Stage 3 - After about 24 h the final stage is reached during 

which the remained water filled space is filled 

with short-fibred (CSH) micro-crystals, which 

gradually provide a more and more dense structure. 

In stead ofettringite, in this place C4AH13 is 

formed while the ettril].gi te is transformed into 

monosulphate (C
3
A.CaS0 4 .12H

2
0) 

So stage 2 determines the final strength: retarded setting, 

either by temperature or by admixtures give much long fibred 

CSH and therefore increased strength; high temperature or 

accelerating admixtures (CaC1 2 ) give sm~ll amounts of long 

fibred CSH and consequently a less high final strength. 

Regarding the fineness of cement, it follows that for equal 

E ratio, the distance between the cement grains is smaller, 

the finer the cement is, so relatively shorter fibres are 

necessary to bridge these distance. The same is true regarding 

the influence of ~ ratio for a given cement-fineness: the 

smaller the E ratio, the shorter fibres are necessary to 

bridge the waterspaces. In all these cases one consequently 

gets as well a quicker strength-development as an increased 

final strength. Consequently: the first 24 h determine the 

properties of the cement stone and thus of the concrete 

Now regarding the structure of concrete, this is determined 
by pores and micro cracks: 

a. gelpores (equivalent diameter ~ 20 AO or about 5 times 

a H20-molecule) which can be thought off as cavities in 

and between the fibres (equivalent sphere of about 90 AO ) 

b. capillaries = submicroscopic canals, isolated (connection 

only with gelpores) or mutual connected, about 500 AO 

equivalent diameter. The amount decreases during hydration 

c. macropores (1-3 % for normal concrete) 

d. micro cracks (fig. 2): 
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FIG.2: Formation of micro -cracks in concrete 

1. adhesion cracks along the places of partition between 

aggregates and mortar; in the unstressed state about 

10 % of the circumference of aggregate grains > 1 rom 

at a section is cracked ! 

During loading in compression these adhesion cracks 

increase in amounts, in length and in width starting 

at about 30 % of the fractural compression strength 

(fig. 2), so from this point the deviation from the 

linearity in the "stress-strain" - diagram ("a-E") 

starts. New adhesion cracks preferably form along the 

coarsest grains. 

2. At about 70 % of the fractional compressive strength, 

the amount of mortar cracks which connect the 

adhesion cracks along adjacent aggregates strongly 

increases: gradually there is formed a continuous 

crackpattern and during this stage the volume of 

the concrete is increased. So this 70 % (to 90 %) 

strength is a critical load which equals the 

sustained loading strength. The deviation in the 

"a-E" diagram is growing, the curve bends to the 

abscisj the internal structure is desintegrated. 



- 4 -

Until directly oefore fracture there are hardly any cracks 

through the aggregate particles. This however is the case 

after fracture. 

So the adhesion cracks determine the constructional 

behaviour of the concrete. The "o-s" diagram is about 

liniar for cement stone, has a slight curve for mortar 

and is much more curved for concrete. At the same 

aggrega~e factor and the same ~ ratio, compressive strength 
cemen c 

decreases with increasing maximum aggregate-size. 

The adhesion-cracks are caused by heat development (as a 

consequence of the cement hydration) and succeeded cooling 

down, the sedimentation which leads to bleeding and the 

plastiC shrinkage, so: the first 24 h determine the struc

ture of concrete. 

Since we now have revived somewhat of our basic knowledge 

of concrete technology we will look to the possibilities 

of some admixtures and we will stress the understanding 

of its actions. 

2. Admixtures which modify setting and hardening of concrete 

If we consider the strength development of concrete during 

the early stages of hardening, the possibilities of admixtures 

which modify setting and hardening of concrete schematically 

can be shown (fig.3) and applications are easily concluded [1] 

It is evident that all the admixtures (set accelerators, set

and hardening accelerators, set retarders) influence the 

chemical reactions between water and ~ement. It can easily be 

seen what prinCiples guide this proces, if we remember what 

basically hydration means: 

The main constituents of cement which react during the first 

24h have already been shown in fig.l. If now we take a sili

cate (=C3S)-part of a cementgrain and an aluminate (=C3A)-part, 

hydratation in the first place means dissolving of C(=CaO), 

A(=A1 20 3)and S(=Si0 2 ) while H(=H20) is taken up - See fig. 4. 

Since the solubility of S is very low, it follows that accel

eration of hydration mainly takes place by improving the 

solubility of C and A, while retardation takes place if dissol

ving of C and A is retarded or prevented. 
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~
. cold ,weather 

2. tide-work 
3. fast demoulding 
4. if curing is impossible 

or only for 1 or 2 days 

1. high temperature 
(sliding formwork) 

2. avoiding of construction
joints 

3. shifting of hydration
temperature peak 

4. compensation fOi" 
acceleration of setting 

Aa.f3 (l. 
L--'L- a.fJ= measure for 

rate 

-----ilIa_ time final set: Sh! 2112 h for cement (Vicat ) 
initial set:3 1/2 h't2h 

FIG.3: Principle of the action of accelerators and retarders 

C 5 H 
~ \.(very low solubility) 

~---§ 
increased solubility for the range: 

further influenced by 

A C H 
I 

cementfineness 
temperature 
admixtures 

FIG.4: Condition for cement hydration 

cementgrain in water 

C=CaO ) 

5= 5i02 ~ cement 

A= Al203 ) nomenclature 

H:H20 
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In principle the!?e dissolving process and prevention or retarding 

of dissolving can be caused by the procedures, given in fig. 5. 

From this figure it can be seen that procedures which may accelerate 

the hydration of some cement constituents, retard the hydration of 

other cementconstituents also depending on the cementcomposition 

(portland-, slag-, aluminium cement). 

Therefore it is necessary to go somewhat deeper into these'proce

dures (2,3). 

I _~_. silicates aluminates 
admixtures ~cedures 1 S 'c' 'A! 

dissolving IS 1 ~ ----+~---------ti-I ---+-1 ---~---1 

accelerated by 11. soluble bases 1 . soluble acids 1. soluble bases I 
12. ionized salts 2. ionized salts 2. ionized salts 'I' 

I

I of such\.bases of suc"h acids of such bases 
"'I J I' 

precipitate with Ca++ 
I and may immobilize the j' 
I interstitial w:ter: false set I 

! 

accelerators 

i ~T _____________________________________ ~~ 

dissolving is I I 1. reducing speed of dissolving by: 
retarded by 11 L....-·-

d
------=--l -b------l-=---·-------I 

i • aCI s . ases, . aCids 

retarders 

II' especially 
I. 0 I: Ca ( ~)2 ! , t, 
2.. forming less permeable films f.e. 

i by precipitation of Ca++ 
! 

! 2a. anions 'I' 2. ~ (12.anions of 
i 2 b. cations I action on silicates, strong acids 
12 c. nonionics I as well as on 
i and ,I aluminates 
! deravatives) 

FIG. 5: Principle procedures to accelerate or retard the hydration of cement 

2.1. Accelerators 

For c~ments~ rich in silicates like portland cement, 
the fl~ssolv~ng of C by acids is stronger the more 
sOJuble the Ca-salt is, and 
all the s~aller the ions are (to penetrate into the 
cementgra~ns) 

This means, in decreasing order of effectiveness: 
c~loridesJ 
n~trates of Ca, Na, or K. 
sulphates 

So CaC1 2 is the best accelerator 
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The second possibility, dissolving of S by sodium or 

potassium hydroxide (NaOH or KOH) in practice hardly can 

be used for portland cements since the strength is reduced 

too much, due to crystal changes. 

For cements, rich in (blastfurnace) slag, preferably NaCl 

and KCl can be used since the strong alkaline cations 

dissolve the slag, and allthough the Cl ions accelerate 

the dissolving of cementclinker they retard the dissolving 

of slag, so depending on the slag content, one has the 

choice between caC1 2 and the alkaline chlorides, the last 

mentioned ones to be used for the higher slag contents. 

For aluminiumcement, consisting mainly of aluminates, 

accelera~ion of the dissolving of A (there is relatively 

few C) can be achieved by adding alkaline hydroxides, lime 

(or portlandcement which during hydration liberates as 

well alkaline as, lime) and alkaline salts o£ weak acids 

(aluminates, carbonates, metaborates, silicates and fluo

silicates). The alkaline cations, dissolving A(and S) may 

however lead to change in the crystal structure of the 

hydration products by which the final strength will be 

decreased - as was the case for the dissolving of S: The 

adding of alkaline salts of weak acids has another effect 

namely the anioris precipitate with Ca++ which always is 

present and may so effect false set since the interstitial 

water gets immobilized. The same effects of course can take 

place if these salts are used to dissolve S in portland cement. 

2.2. Retarders 

From fig. 5 it follows there are t~o principles to re~ard 

the hydration of cement: 

reducing the speed of dissolving,or covering') the cement

grains with less permeable films. 

The ~irst principle, so the retarded dissolving of cement 

acids (S and A), can be achieved by acids since the 

OH - concentration in the mixing water i~ high and the 

H+ - concentration low." Retardation of dissolving of C 
can be done by bases, especially calciumhydroxide regarding 

') Various mechanisms are possible, like absorbtion, forming of 

complex compounds, precipitation and nucleation (4) 
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portland cement (regarding slag cement, supersulphated 

cement and aluminiumcement it was already said under 2 .. 1. that 

CaC1 2 is a retarder for these types of cement). 

The retarding action is moderate and proportional to the 

dosage of the retarder. 

Regarding the 2nd principle, these retarders mainly are 

substances which precipitate with Ca++ on the surfaces of 

the cementgrains. The possibilities regarding the action on 

silicates are: 

a. Anions 

b. Cations 

alkaline fluate (NaF) 

alkaline tetraborate (Na 2B40 7 ) 

alkaline phosphates (N~3po4,Na4P207,Napo3) 

alkaline carboxylates (- COONa) 

soluble salts of Pb,Zn,Mn,Al, the effects 

however depend on the alkaline content of the 

cement and on the pH of the water phase. For 

example ZnO retards portland cement, however 

has no effect at all on supersulphated and 

aluminiumcement. 

They all precipitate in the form of hydroxides, 

less soluble than calcium hydroxide. 

Since iron oxide is not soluble in alkaline 

water, reinforcement does not retard the 

cement hydration! 

c. Nonionics :sugars and their derivatives like glucoses and 

and deri- tartrates from which the dosage has to be very 

vatives small (say of the order of greatness of 0,5 % 

of the weight of cement). Their affinity to 

Ca has been known for long. 

Retarders for aluminates are: 

a. those substances which too retard the dissolving of C 

and which are the same as those which retard the dissolvins 

of the silicates: sugars etc.; since precipitation with 

Ca++ acts on all surfaces, silicates as well as aluminates 

are retarded. 

b. the anions of strong acids like chlorides and sulphates 

retard the dissolving. 
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In fig. 6 a review is given of the effect of the different 

possibilities. 

Cansti tuent of Admixture Effect 
cement i 

CC:CaO) very dissolving (Cl-) strong accelerator : 

\ 
dissolving (SOt. =) accelerator . 

anion precipitating (COi) false set 

i covering (F -) retarder 

covering (Zn ++) retarder 

I preCIpitating CFe+++) false set 
cation 'l moderate (Ca++) retarder 

A(Al203) I I moderate (CaH
) accelerator 

I 
cation ) dissolving (Na+) accelerator 

strong (C 1- ) retarder I anion 
) moderate (504 =) retarder 

S(Si02) I cation - dissolving (Na+) I accelerator 
I 

all silicates I nonionics - covering (sugar) I retarder I 

and aluminates i . 
\ 

FIG.6: Effec t of admixtures on hydration of cement 

2.3. From 2.1. and 2.2. and fig. 6 the important role of 

gypsum can be seen: 

it retards a too quick setting of the aluminates, (C
3

A) and 

accelerates a too slow setting of the silicates (CS) and 

I 
I 
I 

I 
I 

I 
I 
I 

I 

so regulates the setting. Its dosage is greater the finer 

the cementclinker is, the more alkaline the clinker contains 

and the higher the C3A - content is. There is a certain 

similarity between calciumsulphate and calciumchloride 

regarding the influence on the setting, but also differences 

regarding other properties for example the shrinkage. 
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While increased dosages of chloride lead to increased 

shrinkage, increased dosages of sulphate lead to decreased 

shrinkage and even to swelling which also can be dangerous. 

So the sulphate dosage may not be too high, calculated as 

S03 the limit is about 0.3 x % C3A. Since a part of the 

chlorides stay in solution (while all the sulphate is tied 

up) there easily can be a risk for corrosion of the rein

forcement. Some ten years ago one had the opinion that for 

reinforced concrete an addition up to 1,5 a 2,0 % CaCl2 

(of the weight of cement) is possible if the porosity of 

the hardened concrete is less than 10% and the covering 

depth of the reinforcement is at least 15 mm. Nowadays

due to some accidents - one is used to restrict this dosage 

or to forbid it totally. Therefore the so called chloride

free accelerators have been developed mostly based on acids 

or acid salts (accelerating the disolution of C - see fig. 

3,5; which on its part accelerates the dissolution of S 

and A). Several commercial available chloride-free acceler

ators eg are based on calcium formate and in some of them 

they are b~ended with corrosion inhibitors (soluble nitrites, 

chromates, benzoates). 

2.4. Practice 

Since from the foregoing it follows that this type of 

admixture influences the chemical reactions of the hydration 

process, preliminary tests are always necessary: the 

effect of the dosing of the admixtures has to be connected to 

the type of cement to be used and the temperature that is 

expected during setting and first hardening. 

Regarding the accelerator CaCI 2 , one preferably starts from 

flakes which contain about 75 % CaC1 2 , makes a solution in 

advance and adds of this solution not more than which equals 

2 % regarding the weight of cement. The initial set uf the 

concrete is then reduced till about half of the initial set 

without CaC1 2 (for 5 % CaC1 2 it is reduced till about one 

seventh). Since for denloulding in a factory a compressive 

strength of about 3-5 MN/m2 and a bending strength of about 

0.4-0.8 MN/m2 are necessary, there are possibilities for a 

factory to demould and transport safely concrete elements 
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up till a thickness of about 10 cm. The one-day compressive 

strength in this manner is increased by 50-100 %, the 

bending-strength is nearly not influenced by the CaC1 2 , 

while the 2S-days strength also is not much influenced. 

Shrinkage however is increased with up to SO %, but can be 

decreased by changing a part of the caC1 2 by Na 2S0 4 (so 

in stead of 1 % caC1
2

: 0,5 % Na 2S0 4 + 0,5 % CaC1 2 or in 

stead of 2 % CaC1
2

: 1 % CaC1 2 + 0,5 % Na 2So4 )· 

Without further investigations one can not add next to 

CaC1
2
.an AEA (air entraining agent) since A~ excessive high 

shrinkage may occur in that case. 

------1_ .. concentration of admixtures 

CaSOL, . 2H20 .Ca( cta3 )2. 
waterreducing retarders 

FIG.7: Setting time as a function of the concentration of a retarder 

Regarding practice the set ret~rders can be devided into 

4 groups (fig. 7). Using type IV it is clear that the dosing 

is of utmost importance since for great dosages no hardening 

at all takes place. Therefore type I mostly is used, for 

example all so called waterreducing retarders belong to this 

type. Even at high dosages, for which the setting time may 

be increased to 24 a 72 h , the later age strength practically 

always is greater than without this type of admixture. 

To this type the lignosulphonic acids, and their salts, 

modifications and derivatives, the hydroxylated carboxylic 

acids and their salts, modifications and derivatives as well as 
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the carbohydrates (sugars) belong. Commercial products 

too contain sometimes AEAgents and/or set -or hardening 

accelerators to decrease a too strong retardation. 

Regarding preliminary tests with retarders, the influence 

of temperature mostly is found best for differences i~ 

temperature of about lOoC. The slope of the lines in 

fig. 8 is affected by temperature and by the type of cement. 
----------- .------ _._----- -----

c 
0 -. i i1l 
-u I '-
~ I 
~ I '-- I 0 

~ I 

E I 

.... 
I i 

I I 

I I 

I 
I 

I 
- dosing of retarder 

FIG.8: Effect of dosing and temperature on the retardation time 

In view of the possibilities of sudden rises in temperature 

a safety margin of 1 to 2 h should always be allowed with 

regard to the retardation time. Using a retarder one also 

has to count on a higher pressure of the fresh concrete 

since during the retardation time hydrostatic pressure is 

exerted on the form work. 

The allr~ady mentioned water-reducing retarders disperse 

cement, so for the same consistence of the fresh concrete 

as without these admixtures, water can be reduced while 

mostly some air is introduced: 
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ligno sulphonic acids etc. 

hydroxylated carboxylic acids,etc 

carbonhydrates 

water increase of 

reduction air-content (%) 
( % ) 

5-13 

3-8 

'" 1 

> at increasing dosing 

> but max. 10 % 

< 

Incre~sed air content leads to b~tter frost resistance, depen

ding however on the diameter and partition of the air bubbles. 

The 28-days strength mostly is increased as is the case for 

the shrinkage, which however also depends on the S03-content 

of the cement. There is a tendeney that for cementtypes 

with S03 >1,5 %, shrinkage even might be decreased somewhat. 

Bleeding of fresh concrete is decreased by this type of 

admixture in so far as the air content is increased and 

consequently in those cases also the adhesion of concr.ete 

to reinforcement. In general a waterreducing retarder gives 

about the same increase in temperature due to cementhydration 

however the max. temperature is found at a later age. 

Now in the foregoing the eff~cts of accelerators and -

retarders on the setting time of cement, were controlled 

by the Vicat-test, only valid for cementpaste of a certain 

consistency. This however says nothing about the behaviour 

of fresh concrete with regard to this property of the cement. 

For fresh concrete a pullout test was developped by the 

Institute TNO for Building Materials and Building Structures 

from which the setting time of the fresh concrete can be 

found and thus also the effect of admixtures. In this test 

(a kind of reversed Proctor Penetrometer Test how€v~r not on 

separately prepared sieved mortar, but on the fresh concrete 

itself) regularly steel rods ~ 10 rom with a standard smoothness 

are pulled out of the fresh concrete and the force necessary 

herefore is plotted on a logarithmic scale against the time 

on a linear scale. Fig. 9 gives the diagrams found in which 

the change of slope indicate the setting time of the fresh 

concrete. Precautions must be taken for· a careful centring 

of the rods along the direction of the pulling force. 

There is a good agreement with the results of Vicat test on 

cementpaste. In this way (fig.9) a good indication can be got 
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about the effect of accelerators and retarders under different 

conditions like concrete composition, temperatures etc. 

r 
'-

.E 
~ 
GJ 

L ~ , 
-of:f 

~ C:1'!1 
GJ t"J0') 
U l ~.S L-
0 GJ c: - VlGJ -

I 
..c:E 

:::I :::- 1'!1 0 ~..c: -- I --:::l I a. 

• 
r 
I 
I 

-----'I._ time of hardening 

FIG.9: Determination of setting time of fresh concrete by pull out test 

3. Admixtures which decrease the permeability of hardened concrete 

water can penetrate through concrete in two ways: by the 

first process water exerts a pressure on one side of the 

concrete and due to this pressure the water may travel 

through greater or smaller channels (capillaries) which 

interconnect the two £aces of the concrete: waterpermeability. 

In the second type of process the water is sucked up by 

capillary action and transported through the concrete to 

the other face where it evaporates in contact with air 

that is unsaturated with water vapour: water vapour permea

bility. 

Beyond a certain age, concrete practically can be regarded 

as watertight. Where this unfortionately is not so, the 

causes are defects in the concrete like honeycombinq, 

scabbing, gravelpockets, cracks and so on. It is evident 

that in those cases perrneability~reducing admixtures will 

not help ! 



- 15 -

Apart from these defects, the permeability is determined by 

the state of the cementstone in the concrete. At first there 

is a continuous network of capillaries which as a result of 

hydration become wh9ly or partly filled up with hydration 

products (cement gel), so that a discontinuous network of 

capillaries is formed. For each kind of cement there is a 

particular f rati~ above which not enough cement gel is formed 

to block the capillaries. For example for ordinary 

Portland cement this f ratio is about 0.7, for rapid 

hardening cement it is about 1.0. Good concrete should 

therefore have a f ratio below these values. The time 

that elaps s before the capillaries have become 

sufficiently filled up with hydration products, will 
W 

depend upon the C ratio and the curing time, see also 

the introduction. For ordinary Portland cement it can be 

stated that for a 

= 0.70, the curing period has to be 1 year, w 
C 

for W 
C 0.60, 6 months 

for W 
C = 0.50, 14 days 

for W = 0.45, 7 days 
C 

and W 0.40 = 
for C 

3 days 

If these requirements are fullfilled, cementstone has the 

same impermeability as average (good) aggregate material, 

so that concrete made ~ith pro~er_ care can then 

~or practical purposes) be regarded as impermeable to water. 

Transfer of moisture by capillary action however always is 

possible if for example one side of the c~ncrete is in 

contact with damp surroundings. The speed of evaporation at 

the dry side mostly is so great that the concrete has a 

dry appearance, only the R.H of the adjacent air is in

creased. If the concrete is covered (e.g. linoleum laid on 

a concrete floor placed directly upon the soil~,then 

trouble with dampness will arise. 
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From the foregoing the following groups of admixture can be 

derived: 

3.1. Admixtures which reduce the amount of capillaries or 

block the capillaries: permeability-reduqing admixtures. 

This may happen by addition of very fine mineral powders 

or air bubbles . _ There are several types of 

mineral powders: chemically inert (stone powder, 

quartz powdeJi,limestone powder~bentonite), powders 

with pozzolanic properties- that means which bind the 

lime that develops in cement during hardening (diatomac~nll~ 

earth,trass, santorine earth, gaize, kieselguhr, fly ash)-

- and the cementitiouspowders(natural cement, hydraulic lime, 

slagcement, trasslime, grounded granulated slags). In general 

these porefillers give only good results if the ~ ratio needs 

not to be increased for maintaining the same consistency of 

the fresh concrete. This may be the case for instance if a 

relative low cement content is used and/or fine particles in 

the aggregates are absent. For a normal cement content of 

about 300 kg cement/m3 the effect in general will be un

favourable since for equal consistence, the increased 
w 

specific surface of the particles requires a higher c 
ratio. 
Regarding the effect of curing time, it can be 

inferred that also accelerators can reduce the water 

permeabilit,y of concrete at early age and it is a 

fact that many commercial products contain(ed) quite a 

lot of caC1 2 . The most effective method however is 

to make the W ratio as low as possible regarding the 

method of co~paction. 

3.2. The capillary suction of concrete can be decreased 

by making the capillaries water repellent (hydrophobic) 

water-repelling admixtures. 

Used are for example inorganic salts of fatty acids 

like stearates and oleates mostly in combination 

with lime and/or caC1 2 . Only for butylstearate the 

waterpermeability is not increased ~~ the soaps do) 

while the water-repelling effect is relatively great. 

o 
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Mostly it is added as an emulsion with a dosing that 

equals about 1 % butylstearate regarding the weight 

of cement. Concrete strength is not effected detrimen

tally. 

Likewise sometimes heavy mineral oils which must not 

contain fatty or vegetable oils, and asphaltemulsions 

are used in fresh concrete to make it water-repellent; 

it seems that the emulsions not always behave well as 

the emulsion is broken down during the drying of the 

concrete . 

. On the whole th= rule might be that this type of admixtures 

only has some sense if a low cementcontent is used. 

If the E ratio is < 0.60, these admixtures mostly 

give no improvement. Since these admixtures mostly 
~ive rise to a high aircontent of the fresh concrete, 

strength mostly is decreased too: up to about 20% 

decrease is considered normal, shrinkage might be in

creased with up to 40%. 

4. Admixtures which modify the consistency of fresh concrete 

To this class of admixtures several types belong, like water

reducing retarders, plasticisers and super-plasticisers, 

AE-agents, mineral powders, flocculating or thickening ad

mixtures and water-retaining admixtures. Apart from influ

encing the constistence of the fresh concrete, in many cases 

they improve several properties of hardened concrete. This 

type of admixtures is dealt with in Concrete International 

1980 - Admixtures, 16-17th April 1980, pp 1-17, which should 

be a part of this paper. 

5. Practical difficulties with admixtures 

- Difficulties may already arise in the stage of ordering 

admixtures since there are only minor differences in the 

trade names of very different working admixtures, even 

from the same manufacturer, so direct control of delivered 

admixtures is a must. 

- Storage of admixtures often necessitates precautions 

against unfavourable influences: 
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some admixtures can not stand high temperatures, some freeze 

at low temperatures under loss of quality, 
hygroscopic admixtures must be protected against moisture 

(first arived admixtures must be used first !) Fluid 

admixtures may show sedimentation during longer storage, 

while for granular admixtures segregation can occur. 

- One has to take care that the descriptionSon the packing 

do not become unreadible, and preferably provide the 

packing with an indelible description while taking over 

the data (of the packing) on cards. 

- For some admixtures it is necessary to make a solution 

(CaC1
2

) or a homogeneous partition in water for which 

regular agitating might be necessary. Attention on the 

right concentration must be kept especially if only a 

part of such a solution is used for a concrete charge. 

If agitating is done by air, the quality of an admixture 

may decrease for example by chemical reaction with CO 2 
from the air. 

Dosing may be done in various ways (measuring cup, 

measuring glass with filler -and outletopenings, flowmeters, 

suction-pressure pumps, rotating pump in combination with 

time switches, etc.) but regular control of the measuring 

·apparatussesis necessary (no leakage of stopcocks or valves 

for example in the waterbascule during meal-time ! ) 

- If for various supplies different admixtures must be ap-

plied special care is necessary that the right admixture 

in the right dosing at the right concrete charge is added. 

Since mostly the dosing of a plasticizer is many times greater 

than that of an AE Agent, an error in the dosing of an 

AE Agent in this respect can be desastrous. 

If all of this is looked after and the concrete composition 

is correct, admixtures are very useful indeed~ 

From the foregoing it follows that it is wanted to have: 

1. a good coding of the various admixtures related to the main 

effect of the product. 

2. good information to be proved by the manufacturer and/or the 

seller regarding 

a. trade name, manufacturing firm and selling firm 
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b. main and supplementary effects of the product (supported 

by test reports and/or agrements documents). 

c. phvsicalstate and composition as far as concerns the 

nature and concentration of the main constituent, content 

of chloride, sulphate and sugars, degree of acidity or 

alkalinity,poisonousconstituent~ to b~ taken interiorly 

d. methods of analysis to i:crentify the main constituent of 

the product 
e. instructions for use, regarding: 

conditions of preparation and procedure for intro

ducing the product into the mix, proportion by weight 

of cement, possibly depending on type of cement, cement 

content and consistence of the mix, 

particular specifications for the presence in the 

concrete of very fine particles according to their nature 

and their amount, 

possible incompatibility with certain types of ce~ent 

or with other admixtures, influence of atmospheric 

conditions, and of transporting and placing the concrete, 

maximum permissible concentration and influence of over

dosage, packing method, storage conditions, maximum storage 

time before use and date of manufacturing, 

precautions to take, if any, in connection with poisonous 

properties, causing disease or irritating the skin 

taking interiorly (childs) and/or combustibility. 

In between "admixtures-associations" have been formed in 

various countries and with appreciation it can be mentioned 

that 

- for example regarding ad 1, the Dutch association has de

veloped a colour code for the various types of admixtures 

(eg plasticizers yellow - EA agents blue - retarders red -

accelerators green) 

- for example regarding ad 2, the British association has de

veloped an admixture data sheet whith most of the wished 

information for the various types of admixtures, as well as 

a very useful specifiers/users check list. 
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One may say these are the best developments of the last 5 

years in the area of existing materials, apart from the 

development of new ones like eg silicafume, ultra-fine 

particles ranging in size from about 50Ao to 0.5~ and 

used in combination with a super-plasticizer. Here a com

bination of chemical, physical and mechanical effects can 

be used which seem to introduce a new chapter in concrete 

technology. 
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