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Possibilities of actmixtures 
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Possibilities of actmixtures 

by Prof. Ir. P.C. Kreyger') 

1. Introduetion 

Before consictering the role of admixtures. one might well 

revLew briefly the steps in making concrete, its properties, 

how these are achieved, and whether they are adequate. 

"NormàJ " concrE;!te is. made from cement, water, fine 

and coarse aggregate.The main steps leading to the final 

product are: 

1. selection of good primary ingredients • 

2. processing and sizinq _ of aggregates I 
3. storing and handling .of ingredients 

4. determining proper mix proportions 

5. mixing 

~r~porting and discharging __1_ ·-- __ 

7. placing . and compaction lunlike pre-fabricated pf'oducts 

8. curing 1 the manufacture of concrete 

I 11 in situ 11 is more of ten than not 

split between the producer (e.g. 

ready-mixed supplies), and the 

contractor who is respons ible for 

placing, compaction and ctiring 

Quality control of eaèh of these operations can be achieved 

by case of specifications, methods of tests and recomrnended 

practices. 

The important prope rties reqtiired are: 

in the lastic state 

good fluidity, matched to type 

of compaction,low bleeding 

pertaining to the harderEd st:éie 

good strength development and 

absolute strength 

low rate of st i ffening dimensional s t ability, 

reasonable delay before hardening low absorbtion and permeabilit) 

star ts 

low tendency to segregation 

good finishing characteristics 

dura bili ty (amongst o t hers to 

frost action, de-icing sal t s 

and other chemieals 

') Professor in the Scie nce o f Materials a t t he Arc hi tac t u r al 

De par t ment o f the Unive r s ity of Technology Eindhove n,the 
Ne the r l a nds · 
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Factors which influence these properties to a greater or 

lesser extent are respectively: 

partiele shape same factors which influence 

grading plastic properties, plus sound-

adsorbtion characteristics of ness of materials 

aggregates proper placing and compaction 

chemical composition and fine adequate curing 

ness of cement sametimes proteetion at early 

mix-composition ages 

air content 

concrete temperature 

elirnatic conditions 

In fact concreting is a chemical process, deterrriined by the 

reaction between cement and water, which -popular repr.esented-

shows three structural stages 

I 
I - ___ pere volume 
r- - ' -· l"-

. ' 
' 

3 

' ' ' ' ' ' ' 

24 

mm . --. he1,.1rs __ _ 

-----time of hydratien 

(fig. l) : 

7 28 

days 

FIG.1: Structural stages Jh cement hydratien Csehematle) 

Cement: 

- c3s <C=CaO, S:::.Si02 ) 

c2s 
- c4 AF <A=Al 2o3 . F = Fe203l 

- c3A 

- gypsum (CaSOt, 2H 20) 

nemendature : 
C =.CaO 
S =Si02 . 
A::: AL2o3 
F::: Fe2o3 
H== H20 
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Stage 1 - Forming of lime:Ca(OH)2 and ettringite' 

(C 3A.3Caso 4 .32H20) takes place during the fiLst 

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. 

This stage lasts until ábout 24 h; at low temperature 

longer, at high temperature shorter, retarding 

this stage gives more long fibres so better final 

strength. Also all gypsum (CaS0 4 •2H20) 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 c 4AH 13 is 

formed while the ettrinditeis transformed into 

monosulphate (C
3
A.caso

4
.12H

2
0) 

So stage 2 determines the final strength: retarded setting, 

either by temperature or by actmixtures give many long fibred 

CSH and therefore increased strength; high temperature or 

acealerating actmixtures (CaC1 2 ) give small amounts of long 

fibred CSH and consequently a less high final strength. 

Regarding the fineness of cement, it fellows that for equal 

~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 Ë ratio for a given cement-fineness; the 

smaller the ~ ratio, the shorter fibres are necessary to 

bridge the waterspaces. In all these cases one cónsequently 

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 
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Now regarding the structure of concrete, this is determined 

by pores and micro cracks: 

.~ 

..c ..... 
0'1 
c 
V 
!:; 100 
Vl 

~ctural strength 
desintegrated structure 

-----.----:~~;:::-/ 
V 
.~ 

~ 80 
no aggregate cracks 

aggregate cracks (C) V 
'a. 

§ 60 
increase of 
amounts î 

u 
11 

b 

1 
I 

length ~of ad hesion cracks <Al 

- - f ::~:ion cracks(Al _)·"!!!!·_·.·· .. '/'·· .::~·· ~·~..". 
0~--~---------~~-------L~--~------------

·- - - ---- E = strain A B. C 

' I 
I 

FIG.2 : Formation of midro-cracks in concrete 
. ' 

1 

a. gelpores (equivalent diameter "-' 20 A0 or about 5 times 

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

and between the fibres (equivalent ~phere of about 90 A0
) 

b. capillaries = submicroscopie canals, isolated (connection 

only with gelpores) or mutual connected, about 500 A0 

equivalent diameter. The amount decreases during hydratien 

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

d. micro cracks (fig. 2): 

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 mm 

at a sectien is cracked ! 

During loading in compression these adhesion cracks 

increase in amounts, in length and in width starting 

at about 30 % of the fractionalcompression strength 

(fig. 2) 1 so from this point the deviation from the 

;Lineairity in the "stress-strain" -diagram ("cr-e::") 

starts. New adhesion cracks preferably .form along the 

coarsest grains. 

2. At a bout 70 % of the f ractional compre ssive s trength, 
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the amount of mortar cracks which conneet the 

adhesion cracks alöng adjacent aggregates s~rongly 

increases: gradually there is formed a continuous 

crackpattern and during this stage the volume cf 

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

strength is a critica! load which equals the 

sustainedloadin~ st~ength. The deviation in the 

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

abscis; the internal structure is desintegrated. 

Until directly before fracture there are hardly 

any cracks though the aggregate particles. This 

however is the case after fracture. 

So the adhesion cracks dètermine the constructional 

behaviour of the concrete~ The "a-e" diagram is abo~t 

lineair for cement stone, has a slight curve for 

mortar and is much more curved for concrete. At the 

same aggreg~te factor and the same !C ratio, com-
cemen 

pressjve strength decreases with increasing maximum 

aggregate-size. 

The adhesion-cracks are caused by heat development 

(as consequence of the cement hydration) and succeeded 

cooling down, the sedimentation which leads to bleeding 

and the pla~tic shrinkage, so: the first 24 h determine 

the .structurè óf concrete. 

Since we now have revived somewhat of our basic knowledge 

of concrete technology we will look to the possibilities 

of some admixtures. Time is too short to deal with all 

types of admixtures and therefore we will look to the 

types which modify setting and hardening; those which 

modify the consistency of fresh concrete and those 

which are claimed to decrease the permeability of 

concrete. In this dealing we will stress the under

standing of its actions. 

2. Admixtures which modify setting and hardening of concrete 

If we consider the strength development of concrete 

during the early stage s o f hardening, the pos sibilities 

of admixtures which modify setting and hardening of 

concrete schematically can be s hown (fig. 3) and 

applications are easilv concluded (l)~ 

1
) (1) refers to the l.-i::::t o.f literature 
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1. cold weather 
2. tide-work 

1. high temperatu:e 
(sliding formwork) 

2. fa st demoulding . 
(setting time 1/2 -1 h) 

3. fast demoulding 
4. if curing is impossible 

or only for 1 or 2 days 

2. avoiding of construction
joints 

3. shifting of hydration
temperature peak 

..c -0"'1 
c 
Q) 
~ -Vl 

------time 

4. campensatien foï 
acceleration of setting 

Aa.jJ · 
~ a.f3= measure for 

- ---= - --· --·· 
final set: Sh :!" 2112 h for cement. ( Vicat) 
initial set:31f2 h :t2h 

ra te 

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

It is evident that all the admixtures (set accelerators, 

set-and hardening accelerators, set retarders) influence 

the chemical reactions between water and cement. It 

can easely be seen what principles guide this proces, 

if we remember what basically means hydration: 

The main canstituents of cement which react during the 

first 24 h have already been shown in fig. 1. If now 

we take a silicate (=C 3s)-part of a cementgrain and 

an aluminate (=c3A) part, hydratien in the first place 

means dissolving of C(=CaO), A(=Al 2o
3

) and S(=Si0 2 ) 

while H(=H 2o) is taken up - See fig. 4. 

Since the solubility of S is very low, it f ellows 

that acceleration of hydratien mainly takes place by 

improving the solubility of C and A, whiJP. retardation 

takes place if dissolving of C and A is retarded or 

prevented. 
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S . H A C c 
I 
I 

\.(very :low solubility) 
I 
I. 

I ~ : 
L- -~ 

increased solubility for the range: 

furt her i nfluenced by 
~ cementfineness 
) temper.ature 
r admixtures 

FIG.4: Condition for cement hydration 

cementgrain in water 

C=CaO ~ . 
S = Si02 cement 

Ä= Al203 nomendature 

H=H20 

In principle these dissolving process and preveriti6n 

ar retarding of dissolving can be caused by the pro

cedures, given in fig. 5. From this figure it can be 

seen that procedures which may accelerate the hydra

tien of some cement constituents, retard the hydra tien 

o f ethe r cementconsti tuents al s o d e pendi ng on the 

cementcomposition (portland-,slag-, aluminium cement). 

Therefore it is necessary to go somewhat deeper into 

these procedures (2, 3). 
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d I 
sllicates aluminates 

proce ures ~ s c A admixtures 

+ • ~ 
-

dissolving is 
accelerated by , 1. soluble bases 1 . soluble acids 1 . soluble bases 

2. ionized salts 2. ionized salts 2. ionized salts 
of such bases of such acids of such bases accelerators 

I \ ·, ' I ' ' I 
precipitate with ca++ I I 

I and may immobilize the 
I 

I I 
I interstitial water: false set I 
I : _i I 
1 t i 

dissolving is I , ; reducing speed of dissolving by : I retarders 
retarded by 1. acids 1. bases. 1.acids 

I especially : I : . I . 
Ca (0~)2 I i I . ' t • I 2 •. forming less permeable films f. e. 

' ' 
\ by precipitation of ca++ 

2a . anions 
2 b. cations 

2. ~ r2.anions of 
action on silicates [ strong acids 

2 C. nonionics as wellas on 
and aluminates 
deravatives 

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

2.1. Accelerators 

For cements~ rich in silicates like portland cement, 
the flissolving of C by ac~ds is strenger the more 
soJuble the Ca-salt is, and 
all the . smaller the ions are (to penetrate into the 
cementgrains) 

This means, in decreasing order of effectiveness: 
chloridesJ 
nitrates 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 o:t 

potassium hydroxide ~NaOH) or KOH) in practice hardly can 

be used f6r 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 accelerat~ 

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, li~e 

(or portlandcement which during hydration liberates as 
.· , 

weilalkaline as. lime) and alkalinesaltsof weak acids 

(aluminates, carbonates, metaborates, silicates and fluo

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

howèver lead to change in the crystalstructure 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 anions 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 two principles to retard 

the hydration of cement: 

reducing the speed of dissolving or covering') the ceMent

grains with less permeable films. 

The first principle, so the retarded dissolving of cernent 

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

OH - concentration in the mixing water is high and the 

H+ - concentration low. Retardation of dissolving o f C 

can be done by bases, especially calciumhydroxide regarding 

portland cement (regarding slag c ement , 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 

') Various mechanisms a r e possible , like a bsorbtion, forming of 

complex compounds, precipitation and nucleation (4) 
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proportional to the dosage of the retarder. 

Regarding the 2nd principle, these retardersmainly are 

substances which precipitate with ca++ on the surfaces of the 

cementgrains .These possibilities regarding the action on 

silicates are: 

a. Anions 

b. Cations 

alkaline fluate (NaF) 

alkaline têtraborate (Na 2B4o7 ) 

alkaline phosphates (Na3Po4 ;Na4P 2o7 ,NaP03 ) 

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 farm of hydroxides, 

less soluble than calcium hydroxide. 

Since iron oxide is not soluble in alkaline 

water, reinforcement does not retard the 

cement hydration. 

c. Noniertics :sugars and their deravatives 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 dissolving 

of the silicates: sugars etc.; since precipitation with 

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

are retarded. 

b. the anions of streng acids like chlorides and sulphates 

retard the dissolving. 

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

possibilities. 
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Constituent of 

I 
Admixture Effect 

cement 

CC:CaOl i 

\ 
very dissolving (Cl-) strong accelerator 

dissolving cso4=) accelerator 

anion precipita.ting ( C03> false set 

I covering (F-) retarder 

! covering CZn ++) retarder 

I precipitating (Fe+++) false set 
cation ( moderate <ca++) retarder 

A <At2o 3> 
catión I moderate cca++) accelerator 

Î dissolving (Na+) accelerator 

{ 
strong (Cl-) retarder 

anion 
moderate <S04 =) retarder 

SCSi02l 
, ! 

dissolving <Na+) accelerator cat19n -

all silicates nonipnics - covering (sugar) retarder 
and aluminates '· 

FIG.6 : Effect of admixtures on hydratien of cement . l . 
I 

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 

accelera tes a too slow setting of the silicates (CS) and 

so regulates the setting. lts dosage is greater the finer 

· the cementclinker is, the more alkaline the clinker contains 

and the higher the c 3A - 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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Whileincreased desages of chloride lead to increased 

shrinkage, increased desages of sulphate lead to de

creased skrinkage and even to swelling which also can 

be dangerous. So the sulphate dosage may not be too 

high, calculated .as so3 the limit is about 0.3 x % c 3A. 

Since a part of the chloridessta~s in solution 

(while all the sulphate is tied up) there easily can 

be a risk for eerrosion of the reinforcement. Generally 

ene has the opinion that for reinforeed concrete an 

actdition up to 1,5 à 2,0 % cac1 2 (of the weight 6f cement) 

is possible if the porosity of the hardened concrete is less 

than 10 % and the covering deoht of the rèinforcement is 

a t . least 1. 5 cm. 

2.4. Practice 

Since from the foregoing it fellows that this type of 

admixture influences the chemical reactions of the hydratien 

process, prelirninary tests are always necessary: the 

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

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

expected during setting and first hardening. 

Re garding the accelerator cac1 2 , one preferably starts from 

flakes which contain about 75 % cac12 , makes a salution in 

advance and adds of this salution not more than which equals 

2 % regarding the weight of cement. The initial set of 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 demoulding 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 fora 

factory to demould and transport safely concrete elements 

up till a thickness of a bout 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 28-days strength a lso is not much influence d. 

Shrinkage however is increase d wi t hup to 50 %, but c a n be 

decreased by changing a part of the cac1 2 by Na2so4 (so 

in stead of 1 % Cacl
2

: 0,5 % Na 2sö4 + 0,5 % cac1
2 

or in 

stea d o f 2 % Ca C1 2 : 1 % c a c1
2 

+ 0,5 % Na
2
so

4
). 

Without f urthe r inve stigation s ene c an net add n e x t to 
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cac1
2 

an AEA (air entraining agent) since an excessive 

high shrinkage may occur in that case. 

en 
c 

-----~~~ concentration of ad mixtures 

f 

Caso4.2H20 .Ca( CL03>2. 
waterreducing retarders 

FIG. 7: Setting time as ~ tunetion of the concent ration of a retarder 

Regarding practice the set reta rders can b e devided i n to 

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

is of utmost importance since for great desages no hardening 

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

example all so called waterreduci ng retarde rs belang to thi s 

type . Eve n at high dosages , for which the se tting time may 

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

always is greater than without this type of admixture. 

To this type the lignosulphonic acids, and t heir salts, 

@Odifications and derivatives, t he hydroxy l a ted carboxylic 

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

too contain sametimes 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 10°C. The slope of the lines in 

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

c 
0 

-0 

4J 

E 

f 
l. 

'! 
t 

~--------r---------------------------

·-~- dosing a't retarder 

i 

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

In view of the possibilities of sudden rises in temperature 

a safety margin of l 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 hydrastatic pressure is 

exerted on the form work. 

The allr~ady mentioned water-reducing retarders disperse 

c ement, so for the same consistency of the f resh concrete 

as without these admixtures, water can be reduced while 

mostly some air is introduced: 
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water increase of 

reduction air~content (%) 
(%) 

ligno sulphonic acids etc. 5-13 

hydroxylated carboxylic acids,etc. 3-8 

carbonhydrates ~ 1 

> at increasing dosing 

> but rnax. 10 % 

< 

Increased air content leads to better fro~t resistance, 

depending also on the diameter and partition of the air 

bubbles. 

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

the shrinkage, which however also depends on the so3-content 

of the cement. There is a tendeney that for cernenttypes 

with so
3 

>1,5 %, ~hrinkage even rnight be decreased sornewhat. 

Bleeding of fresh concrete is decreased by this type of 

adrnixture in so far as the air content is increased and 

consequently in those cases also the adhesion of concrete 

to reinforcernent. In general a waterreducing retarder gives 

about the sarne increase in ternperature due to cernenthydration 

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

Now in the foregoing the effects of accelerators and -

retarders on the setting time of cement, were controlled 

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

consistency. Thts however says nothing about the behaviour 

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

For fresh concrete a pull out test was developped by the 

Institute TNO for Building Materials and Building Structures 

frorn which the setting time of the fresh concrete can be 

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

regularly steel rods ~ 10 rnrn with a standard srnoothness are 

pulled out of the fresh concrete and the force necessary 

herefore is plotted on a logarithrnic scale against the time 

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

the change of slope indicates the setting time of the fresh 

concrete. Preeautiens 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·wáy (fig. 9 ) a good indication can 

be got about the effect of accelerators and retarders under 

different conditions like concrete composition, temperature etc. 
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! 
- - --- 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 (5) 

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 

interconneet the two faces of the concrete: waterpe~meability. 

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

capillarity action and transported through the concrete to 

the ether face where it evaporates in contact with air 

that is unsaturated with water vapeur: water vapeur permea

bility. 

Beyond a certain age, concrete practically can be regarded 

as watertight. Where this unfortiOnafely isnot so, the 

causes are defects in the concrete like honeycombinq, 

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

that in these cases permeability~reducing admixtureswill 

nat help ~ 

Apart from these defects, the permeability is determined by 

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

is a continuous netwerk of capillaries which as a result of 

hydratien become wh9ly or partly filled up with hydratien 

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

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

particular ~ rati~ above which not enough cement gel is formed 
,, 
i~ 
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to block the capillaries . . For example for ordinary 

Portland cement this f ratio is about 0.7, for rapid 

hardening cement it is about l.O. Good concrete should 

therefore have a ~· ratio below these values. The time 

that elapsis befare the capillaries have become 

sufficierttly filled up with hydratien products 1 will 
. w 

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

the introduction. For ordinary Portland cernent it can be 

stated that for a 

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

for w 
c = 0.60, 6 mortths 

for w 
c == 0.50, . 14 days 

for w = 0. 4 5' 7 days 
c 

and w 0.40 = 3 days 
for c 

If these requirements are fullfilled 1 cementstone has the 

same impermeability as average (good) aggregate material, 
( 

so that concrete made wtth pro~er_. care can then 

for 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 concrete is in 

contact with damp surroundings. The speed of evaparatien at 

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

dry appearance 1 only the R.H of the adjacent air is in

creased. If the concrete is covered linoleum laid on 

a concrete floor placed directly upon the soill~then 

trouble with dampness will arise. 

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-reducing admixtures. 

This may happen by addition of very fine mineral powders 

or air bubbles (see 4). There are several types of 

mineral powders: chemically inert (stone powder 1 

quartz powde:Jf, -ii!nestone powder, bentoni te) 1 powders 

with pozzolanic properties- that means which bind the 
·, 

lime that develops in cement during hardening (diatomacPOJJq 

earth,trass, santorine earth 1 gaize, kieselguhr, fly ash )-
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- and the cernentitious powders (natural cement, 

hydraulic lirne, slagcernent, trasslirne, grounded 

granulated slags) . In general these porefillers 

gi ve only good re sul ts if . the ~ ratio needs not 

to be increased for rnaintaining the sarne consistency 

of the fresh concrete. This rnay be the case for in

stance i~ a relative low cernent content is used and/or 

fine particles in the aggregates are absent. For a 

normal cement content of about 300 kg cement/rn3 the 

effect will be unfavourable since for equal consistency, 

the increased specific surface of the particles 

requires a higher ~ ratio. 

Regarding the effect of curing time, it can be 

inferred that also accelerators can reduce the water 

permeability of concrète at early age and it is a 

fact that rnany commercial products contain quite a 

lot of cac1
2

. The most eff~ctive methad however is 

to make the W ratio as low as possible regarding the 

methad of co~paction. 

3.2. The capillary suction of concrete can be decreas~d 

by making the capillaries water repellent (hydrophobic) 

water-repell~ng adrnixtures. 

Used are for exarnple inorganic salts of fatty acids 

like stearates and oleates mostly in combination 

with lirne and/or cac1 2 . Only fOr butylstearate the 

waterpermeability is not increased (as the soaps do) 

while the water-repelling effect is relatively great. 

Mostly it is added as an emulsion with a dos~ng that 

equals about 1 % butylstearate regarding the weight 

of cement. Concrete strength is not effected detrimen

tally. 

Likewise sametimes 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 e mulsion is braken down during the drying of the 

concrete. 

· On the whoJe ~ rule rnight be that this type of actmixtures 

only has sorne sense if a low cementcontent is used. 

If th~ ~ratio is < 0.60, these actmixtures rnostly c 
give no improvement. Since theseactmixtures mostly 
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give ~ise to a high aircontent of the fresh concrete, 

strength mb~tly iF decreased too: up to about 20 % 

decrease is considered normal, shrinkage might be 

increased with up to 40 %. 

4. Admixtures which modify the consistency of fresh concrete (5) 

To this class of admixture several types belang, like the 

water-reducing retarders, the plasticizers, the AE Agents, 

the (plasticising) mineral powders, the flocculating or 

thickening admixtures and the water-retaining admixtures. 

From all these types I only want to discuss the action of 

the first three typ~s mentioned, which means that we now 

have to do with surface active agents. (surfactants) 

By doing so, there too is the opportunity to give an im

pression of the various effects of these surfactants, they 

not only effect ·the consistency but many other properties too. 

To understand the action of these substances, we will use 

an easy and simplified explanation: 

The molecules of these products are these of organic com-. 

pounds which become dissociated into ions inwater. An ion

popular said - is an a torn (electrically in balance )wi th a 

shortance of electrens (positive ion) or a surplus of 

electrans (negative ion) . The organic i ons consist of a 

long carbon chain, which has no electric charge and a 

pol ar portion. The latter is strongly attracted by the 

polar molecules of water (H 20) since in such a water 

molecule the eentres of the positive (H+) and negative 

(O=) charge do not coincide (and which is called a dipole) . 

Such a watermolecule can be presented by ct=) 
The organic ion can be presented by~ , where the line 

denotes the long carbon chain which carries no electric 

charge and 0 denotes the polar portion which might have a 

positive charge E9 and is called then "cation" or a 

negative charge e and is termed then "anion". 

The organic molecules crient themselves as a monomolecular 

layer (monolayer) at the surface of the water while the 

carbon chain is pushed out of the water (water-repelling or 

hydrophobic) and the polar portion eernes into the watèr 

(water-attracting or hydrophylic) . 

Besides these ionogenic compounds (anion-active or anionic 

and cation-active or cationic) there are also organic 

compounds which do not become dissociated into ions, non-ianies 
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but which nevertheless have a polar group as a result 

of displacements of electric charge within the molecule 

analogous to tho$e in the water molecule; such molecules 

a lso form dipoles and can be presented by ~ 

So regarding water there is a dipole-dipole attraction. 

Diagram 10 gives the orientation of these three types of 

molecules, The energy needèd to bring these molecules to 

the surface is much less than that to bring the water

molecules to the surface and the surface energy is lowered 

which also means that foaming occurs: air bubbles are 

produced. The quantity of bubbles depend on the amount of 

admixture, the size and stability is determined by the 

type of surfactant concerned. 

; v-- organic chain 

air 

water . . . . . . polar párt of the ion 

KJ ~ ,~ ,. / ~-·.~ @ ;·;::'{~;!fu~ .ë · waterdipales 

an10nrc I cationic ·nonionic 

FIG. 10: Orientation of organic tons in water 

Since cationics are not used in concrete because they 

are too expensive, we have only to deal with anionics 

and nonionics. Now there is a slight extension to this 

representation namely there is a type of anionics, the 

lignosu1phonate~where the chain itself also contains 
-+ . 

polar (-OH) groups: 9--<:±:=:>--<±::::>--G, while the same is 

true forsome nonionics:~~-
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So the final result of the possibilities, important for 

concrete technology is given in fig. 11, with their usual 

names. 

A1 

' -
i 

! : . 

. ·.: · .... 

>(;) .! 
l 

anionic-A.E.Agent, : 
producing air-bubbles .of 
great durability 

81 A2 8 .2 

or 

. .•. ,· 

· .. · .. . 

·. ·. . . . . 

.. i~ .··· 
... :· ·.· 

anion ie -water- reducing 
retarder or plasticizing 
agent 

nonionic-ptasticiz1ng agent 

producing air-bubbles of 
low(er) durability 

FIG. 11: Ditterenee be~ween A.E.Agent and plasticizing agents 

Now the differences in action, start when we introduce 

cementparticles in this water-environment Cement particles 

are solid particles which are from themselves hydrophylic 

(water-attracting) and in principle the adsorbtion involves 

the hydrophylic part of the surfactant mole cule with the 

result that the cement partiele becomes hydrophobic while 

gàs bubbles are stabilized by adsorption. This proves to 

be true for the AE Agents (fig. 12, system A from fig. 11) 
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Cement 

FIG.12: Action of A.E;Agents (system A1. fig.11) 

system A 1: 
A.E.Agents make cement 
hydrophobic: air·bubbles 
attatked to cement particles 
the latter stick tagether 
because of the air 

An anionic agent which makes cernent hydrophobic (AE Agent) 

tries to drive away the water molecules frorn the surface 

of the cernent particles; for an överdosing the cernent gets 

not enough water to hydrate and rnight get "thirstining" 

as it ware. By way of the C-chains, the air bubbles stick 

to the cernent (and sand particles) which is the best con

dition for a regular partition of the air bubbles, which 

in this case too are very s~able and tiny. So this type 

is capable to give an irnproyed frost-resistance. Increased 

viscosity is rnainly due to the air bubbles which are also 

responsible for the strongly decreased bleeding. 

Regarding systern A2 (fig. 13), dipoles are adsorbed on the 

cernent surfaces, which however can attract too waterdipoles, 

so in this case the cernent surface stays hydrophylic and 

hydration is not prevented. As the durability of the air 

bubbles is rather low~ rnainly isolated air bubbles occur 

which are greater in this case than in systern Al. Viscosity 

of the paste is not changed very rnuch while the isolated 

air bubbles decrease bleèding. 
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FIG.13 : Action of noniorics <system A2. fig.11) 

Now in system Bl it happens that the dipale-portions of 
r 

the ions are absorbed onto the cement particles which, 

in case of the anionic water-reducing retarder (fig. 14) 

means that an electra negative sphere is created around 

each cement particle. So the cement particles are rèpelling 

each ether, floc.culation is reduced (or cement is dispersed) 

and water bound in the cement flocks can be reduced while, 

since the cement partiele stays hydrophylic, hydratLon in 

principle is not influenced. However these chains screen 

off the c
3

A and c
4

AF parts of the cement grains by preferenee 

and ferm there less permeable films which retard hydratien 

(see 2.2). 

FIG.1L,: Actton of anioniÇ waterreducing retarder which makes cement hydrophyli c 
(system 81. f ig.l)) 

I 
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So the effect of this type of admixture toa is connected 

with the type of cement used (C3A, c4AF content). 

The air bubbles are isolated • so there is: less 

change for a regular partition necessary for a strongly 

increased frost-resistance. Also the bubbles are greater 

and are less durable. Viscosity of the paste is decrea~ed 

by the repulsion of the cement particles and increased by 

the isolated bubbles. With waterreduction the same con

sistency can be reached as without use of this type of 

admixture. By the isolated air-bubbles bleeding is reduced. 

The nonionic plasticizing agent, system B2 of fig. 11, 

is absorbed like fig. 15 gives, so the cement particles · 

stay hydrophylic and hydratien is not at all influenced, 

since in this case there are nat form~d less permeable 

films that influence the speed of hydration. Overdosing 

only effect the amount of (rather great) isolated air 

bubbles which again in general are much greater and l~ss 

stable than in the case of the AE Agents. Viscosity of 

the paste is changed not much and wi th water reduction 

the same consistency can be achieved as without this type 

of admixture. Bleeding is reduced by the isolated air bubbles. 

FIG.15: Action of nonioniÇ:s (system 82, fig.11) 
; 

Summarizing, it can be said that the consistency of 

fresh concrete may be improved by: 
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a. very fine rnine~al powders (inert, pozzolanic, 

cernentlike) 

b. anionic surfactants which make cernent hydrophobic 

(AE Agents) 

c. anionic surfactants which make cernent hydrophylic 

(water-reducing retarders, plasticizers) 

d. non-ionic surfactants which make cernent hydrophylic 

(plasticizers) 

It are the secondary effects which deterrnine the choice 

It seerns that the following guideline holds goed: 

1. If fros~and weather resi~tance is of prirnary irnportance: 

type b, so an AE Agent can be preferred 

2. If strength is of prirnary irnportance: type c or d, so a 

plasticizèr and if retardation of setting time is wished , 

type c: the water-reducing retarder can be preferred 

3. If certain agressive conditions have to be resisted: 

typeaand then by preferenee a pozzolaria 

The use of the above-rnentioned admixtures is preferabie to 

increas~ng the cernent paste content of the mix (proVioéd 

this is about 300 kg cernent/rn3 ) since this methad máy.easily 

lead to an increased shrinkage of up to about 40 %. 

5. Effect of adrnixtures on early slump loss of fresh condrete 

Concrete is a useful construction material because i~ has 

the properties of rernaining plastic long enough to be 

transported to the job site, to be cornpacted and of then 

hardening into a streng and durable rnass. Often, however 

the degree of plasticity as rneasured by slump or other 

rnethods, deteriorates during transport or waiting time to 

the point where satisfactory placing, compaction or 

finishing can not be achieved. 

The usual salution at the site consists of adding water, 

thereby restoring the plasticity but reducing the strength 

and other desirabie qualities of the hardened concrete. 

The adverse effect~ of slump loss can also be counteracted 

through design of mixtures, having an excess of slump at 

the start, either trough the use of additional cernent or 

water-reducing adrnixturesi but it would be beneficial to 

elirninate or reduce the effect of the action responsible 
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for the slump loss, per se. 

Now changes in concrete slump reflect changes in the 

cement paste component so it seerns logic to investigate 

this systern for the cause of the early stiffening process. 

Under the supervision of the author, a research program was 

carried out by the Institute TNO for Building Materials 

and Building Structures (IBBC-TNO) in cooperation wi.th the 

Central Laboratd>ry TNO (CL-TNO) for which.respectively 

Miss Ir. W.L. Sluyter and drs. U. Daurn acted as pri!1cipal 

researcher&The IBBC-TNO worked at the developrnent of a new 

type of adrnixture and as a consequence on the cause of 

the stiffening effect of cernent paste, rnortar and fresh 

concrete, while the CL-TNO developped aQQaratusses to inves

tigate and to record the rheological parameters of cement

paste, rnortar and fresh concrete. Here we only wili give 

a sumrnary of the results of Miss. Ir. Sluyters results 

(which will be published into detail recently, as well as 

the iriteresting results of drs. Daurn). Frorn an extensive 

study of . the literature and from flow tests as a tunetion 

of time with cement paste, rnortar and fresh concrete in 

which she arnong othersstudied the effect of ions formed 

during the hydratien of the cement and the influence of 

these on the flow charicteristics, Miss Sluyters was 

able to set up an explanation which could deelare all 

phenornená studied by her or found in literature, ir.cluding 

the role of aggregates and of plasticizers. For this 

explanation we may refer first to fig. 1 from which we 

saw that directly after contact of cernent and water, ettrin

gite is forrned; This ettringite now has the forrn of a 

watery gel which is perrneable for water and sulphate, so 

this layer is growing frorn the inside (= the cernentgrain) 

and increases in thickness with time. The speed of reaction 

of water and sulphate which the cernent decreases with the 

increasing thickness of this collotdal ettringite layer. 

Allthough this gelfilm has a low rnechanThcal strength and can 

be broken by stirring, the rnutual affecting of the cement

grains causes after sorne time the stiffening of cement

paste, rnortar and fresh concrete. It is inherent to 

cementhydratien and ' depend on the cornposition of the cement 

and the fineness and distance of the cement grains. 

For portland cement, even the c3A - free type (since c4AF 
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takes over the action of c3A in this regard) there 

always will be a relative quick stiffening while 

for portland blastfurnace cement (by the different 

composition as well as the different mechanism of 

hydration) a much slower stiffening of cement paste, 

mortar and fresh concrete takes place. If, in a mortar 

we replace the cementgrains by quartz powder the plas

ticity stays high during a long period since no hydra

tion takes place. 

The only way to keep the plasticity as it was directly 

after mixing,is ~o stopor retard) the early hydratien 

reactions of the cement that are connected with the 

forming of ettiingite. Retarders working on the c3A-and 

c 4AF-parts of the cement (lignosulphonates) do have a 

favourable effect on the plasticity of fresh concrete 

allready for this reason, while products retarding 

the C3S - hydration (like ZnO) have no influence on 

the plasticity. Retarders like sugar and citric acid 

are more effective with the relative less reactive c4AF 

than with c3A. 

So a plasticizer cari act during a longer time by retarding 

the ettringite-formation while a non retarding plasticizer 

is made more and more unworkable by the cementhydratien 

itself depending on the dosages. Within sometime however, 

for normal dosages, the products will get: 

cement
grain 

-
/ 

/ 
/ 

! 
adsorbed plasticizer 

t 

! 
I 
! 

La;ter formed watery 
er ringite -gel 

~ 

a. plasticizer buïld in ;as a layer 

cement
grain 

watery ettringite -gel 

homogeneously adsorbed 
plasticizer 

b. plasticizer gradually build in 

/ 
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The dosing of the plasticizer obviously plays a great 

role. 

Thus, for a long time werking of the plasticizer, the 

following conditions are important: 

1. A great deflocculation-activity or great radius of 

action per ion or Iriclecule adsorbed plasticizer. 

2. A such partition between amounts of adsorbed plasti

cizer and amounts of free in salution being ones, that 

the formed hydrationproducts can adsorb the actmixture 

from the salution to a sufficient extent without the 

waterphase getting exhausted directly fröm the admixture. 

3. Adding the plasticizer as late as possible, practically 

spoken not .adding the admixture at the ready mixed

c6ncrète plant but at the building site. This l~st 

point too has an economie side, since the dosing at 

the building site can be much smaller than that at 

the ready mixed-concrete plant and even with better 

results. 

6. Future of admixtures. 

Actmixtures can not be thought away anymore from now a day's 

concrete practice but-- - - - there are too much types and 

within each type too much commercial trade narnes (allthough 

in many cases different narnes are used for the same product 

which however mOstly is not known)while extra control 

is required when an admixture is used (especially regar

ding over-desages of AE Agents). 

Since we are dealing more and more with the performance 

conception, we can look what we really do want in concrete 

technology, and what we really do not want. 

- To begin with the last mentioned point we can say that 

difficulties may already arise in the stage of ordèring 

admixtur~s since there are only minor differences in 

the trade narnes of very different acting admixtures, 

even from the same manufacturer, so direct control of 

delivered actmixtures is a must. 

- Storage of admi~tures often necessitates precautions 

against unfavourable influences: 

some admixtures can not stand high temperatures, s ome 

freeze at low temperatures under loss of quality, 

; I 

' ' 
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hygroscopic actmixtures must be protected against moisture 

(first arived admixtures must be used first !) Fluid 

actmixtures may show sedimentation during langer storage, 

while for granular actmixtures segregation can occur. 

- One has to take care that the descriptio~on the packing 

do not become unreadible, and preferably providethe 

packing with an indelible description while taking over 

the data (öf the packing) on cards. 

- For some actmixtures it is necessary to make a salution 

(Cacl
2

) ör a homogeneaus partition in water for which 

regular agitating might be necessary. Attention on the 

right concentratien must be kept especially if only a 

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

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

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, rotatin9 pump in combination with 

time switches, etc.) but regular control of the me~suring 

apparatussesis hecessary (no leakage of stopcocks or valves 

for example in the waterbascule during meal-time ! ) 

- If for various supplies different actmixtures must be ap-

plied special care is necessary that the right actmixture 

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 Agerit, an error in the dosing of an 

AE Agent in this respect can be desastreus. 

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

1. a good coding of the various actmixtures related to the 

main effect of the product. 

2. goed information to be provided by the manufacturer and/or 

the seller regarding 

a. trade name, manufacturing firm and selling firm 

b. main and supplementary effects of the product (supported 

by test reports and/or agréments documents). 

c. phvsicalstate and composition as far as concerns the 

nature and concentratien of the main constituent, content 

of chloride, sulphate and sugars, degree of acidity or 

alkalinity,p0isonousconstituents tob~ taken interiorly 

d. methods of analysis to identificate the main constituent 

of the product 
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conditions of preparatien and procedure for intro

ducing the product into the mix, proportion by weight 

of cement, possibly depending on type of cement, cement 

content and consistency of the mix, 

particular specifications for the presence in the 

con~rete of very firie particles according to their nature 

and their amount, 

possible incompatibility w~th certain types of cement 

or with other admixtures, influence of atmospheric 

conditions, and of transporting and placing the concrete, 

maximum permissible concentratien and influence of over

dosage, packing method, storage conditions, maximum starage 

time befere use and date of manufacturing, 

precautions to take, if any, in conneetion with poisonous 

properties, èausing disease or irritating the skin 

taking interiorly (childs) and/or combustibility. 

Now regarding our sineere wishes in concrete technology we 

want~ 

3. A superplasticizer at reasonable price, by which fresh 

concrete with a fairly low ~ ratio gèts such a consistency 

that no compaction is needed anymore, while after an ad

justable time (varying from say ~ · h to 18 h) an accelerated 

hardening takes place, giving for example after staying 

for 2 h in a pouring consistency some 24 h later a com

pression strength öf 30 MN/m2 (while the relation 
compressive · . 
t"l · strength stays at about 8-10, and shr1nkage ens1 e 
is not increased) . 

The first part of this wish has already been fullfilled, 

let us wait for the future for the rest. 

4. Apart from the foregoing, entrained air is necessary, 

however, in exposed concretes in climates where freezing 

and thawing cycles occur and in concrete sidewalks and 

pavements subjected to de-icing salts. Therefore we need 

AE Agents or anionic admixtures which make . cement hydro

phobic (see chapter 4) for which we however wish a dosing 

that is about equal to the dosing of the plasticizers in 

stead of a dosing of about 10 % of these as in g,Emeral is 

the case now. This dosing ought to b e about 0,3 % of the 
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weight of cement in order to get a not too great fault 

in the dosing per batch of concrete. It would not be a 

too great difficulty for the manufacturers to match the 

active constituents in their products to reach such a 

dosing. Such a rneasure would help very much in eliminating 

a lot of faults which occur in practice. Of course in 

future there will be developped the ideal AE Agent regar

ding the ideal partition of air bubble sizes in concrete 

allthough rnany now a day's trade rnarks do the job very well 

for example vinsol resins, sulphonated carbonhydrates). 

5. Perhaps i t would even be possible torestriet the arnount of 

AE Agents (anionic agents which make cement hydrophobic) 

and the amount of plasticizers (anionic~_~agents which make 

cernent hydrophylic) to some 2 or 3 typ~s. In practice 

everyone would ·welcorne such a development. 

7. Standardization of adrnixtures. 

A proposal for standardization was made by the R.I.L.E.M. 
I ) 

Working Group "Admixtures" at the occasion of the Inter:1ational 

Symposium on Admixtures for Mortar and Concrete ai Brussels 

1967. (6) 

Since centacts between countries become· closer and closer 

we rnay expect contracters of one country working in other 

countries - a development stimulated for example by the 

European Cornmunity. Therefore it would be best if our speci

f ications internationally would be the same, for instanee 

I.S.O. or CEN- standards 2 ), and in effect R.I.L.E.M. is an 

organization which tries to come to a prelimenary standardi

zation made by experts from various countries, as was the case 

with the proposal mentioned before. This proposal contained 

2 parts: the Terminology, Definition and Classification of 

.Admixtures and the Quality Control of Adrnixtures. 

It is according to these lines, the Belgian and Dutch Institutes 

of Standardization have set up their standardi-

') RILEM = Reunion Interna tiona l des Laboratoires d ' Essais et d e 
Recherches s~r les Materiaux et les Constructlens (International 
Union of Testing and Research Laboratorles for Materials and 
Structures) 

2 ) CEN = Comité Europée n de Normalisation (European Comrnittee for 
Standardization) 
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zation of admixtures. Having the privilege to be the 

chairman of the Dutch Standardization Committee 

"Admixtures for mortar and concrete" I will give very 

briefly an outline of the three Dutch Standards on 

Admixtures (7): 

- NEN 3532 contains the classification of admixtures 

which is mainly based on the purpose for which an 

admixture is used 1 namely the principle action or effect 

of the admixture.Accordingly 1 the definition of the 

admixture is given where this principle action is 

indicated in the classification. Some actmixtures however 

have other important actions or effects and are included 

in other parts of the classification under the appropriate 

heading with a ~eference to where the definition is given. 

The classification deals with actmixtures which modify the 

rheologyof f~esh mort~r and concrete (6 types) 1 the air 

content (4 types) 1 the setting and hardening (3 types) 1 

with actmixtures which produce expansion during hardening 1 

with actmixtures which improve the resistance to physical 

(5 types) 1 to mechanical 1 to chemical (3 types) and to 

biological actions and the actmixtures which modify the 

colour of mortar and concrete. 

- NEN 3533 gives the basis for testing and starts with a 

list of irtformation to be provided by the manufacturer 

and/or the seller of the admixtures. The concept. of 

quality control is that a distinction is made between 

a rather extended investigation ' under standardized 

conditions and a simple investigation at the site . 

The first mentioned tests serve to identify the actmix

ture and to record its main and secondary effects. 

Therefore 19 tests are given to indentify the actmixture 

itself 1 4 tests are given on cementpaste and 13 on 

mortar and/or concrete. All these tests are executed 

under standardized conditions 1 that means with the help 

of standardized cementpaste,mortar and/or concrete com

positions chosen in such a way that they approximate the 

compositions frequently used at the site. 
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The secondly mentioned simple investigation serves 

to controll as well the actmixture itself as its main 

action under the conditions of the site regarding the 

composition of mortar or concrete, the way of pouring 

the concrete and the way of hardening. This however 

as !àr as these conditions deviate strongly from the 

tests of the extensive investigation or at request 

of the management of the building concerned. If in the 

case of the tes~s of the simple investigation, the results 

deviate evidently from the data of the manufacturer 

(based on the .extensive investigation) a new extensive 

investigation h~s to be carried o~t. 

NEN 3534 is in the draft farm now and gives an extensive 

description of all tests mentioned inNEN 3533. 

In the light of this paper it will go too far to give 

more information on the standards mentioned. 
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