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Damage caused by an alkali-silica reaction (ASR) in concrete 

structures can be avoided by using concrete composition 

with a low alkali reactivity. The German Cement Works Asso­

ciation (VDZ) has developed criteria for ASR performance 

tests in order to make a practical evaluation of the alkali 

reactivity of concrete composition for elements of the WF 

(moist) and WA (moist + external supply of alkalis) moisture 

classes. Investigations were carried out to find the condi­

tions under which the 60 oc concrete test with and w ithout 

external supply of alkal is reproduces the requirements con­

r.Arning mAAStJ rAs in thA AlkAl i GtJirlelines for the WF and 

WA moisture classes. ~ 

(Translation by Robin B. C. Baker) 
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Schaden infolge einer Alkali-Kieselsaure-Reaktion (AKR) an 

Betonbauwerken konnen vermieden werden, indem Betone 

eingesetzt werden, deren Alkaliempfindlichkeit gering ist. Um 

die Alkaliempfindlichkeit von Betonen fUr Bauteile der Feuch­

tigkeitsklassen WF (feucht) und WA (feucht + Alkalizufuhr von 

aursen) praxisgerecht bewerten zu konnen, hat der Verein Deut­

scher Zementwerke (VDZ) nun Kriterien fur AKR-Performance­

Prufungen entwickelt. Dazu wurde untersucht, unter welchen 

Bedingungen der 60 °C-Betonversuch mit und ohne Alka­

lizufuhr von aursen die Festlegungen zu Marsnahmen der 

Alkali-Richtlinie in den FeuchtiQkeitsklassen WF und WA 

abbildet. ~ 
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Practical testing of the alkali reactivity of concrete 
compositions of the WF and WA moisture classes in 
ASR performance tests 
Praxisgerechte Priifung der Alkaliempfindlichkeit von Betonen fiir die Feuchtigkeits­
klassen WF und WA in AKR-Performance-Priifungen 

1 Introduction and research objective 

An alkal i si lica reaction (ASR) can damage concrete and 
reduce the intended service life of concrete structures. In this 
situation the serviceability can sometimes only be retained by 
expensive repairs. Damaging ASR w ill not occur if the aggre­
gate is sufficiently non-reactive to alkalis, the concrete is suf­
ficiently dry or the effective alkali content in the pore solu­
tion of the concrete is appropriately low. The alka lis come 
from the constituents of the concrete composition, predom­
inantly the cement, and in some cases from de-icing agents 
that can penetrate into the concrete from outside. The Alka­
li Guidel ines of the DAfStb (German Committee for Structur­
al Concrete) [1] specify measures that have to be applied in 
Germany for concrete compositions complying with DIN EN 
206/DIN 1045-2 in order to avoid ASR damage. The measures 
are specified in relation to the following parameters: 
) alkali reactivity class of the aggregate 
) moisture class of the concrete element 
) cement content of the concrete composit ion. 

In certa in cases it is only permissible to use alkali-reactive 
aggregates of the E Ill-S alkali reactivity class in combina­
tion with low-alkali cement as specified in DIN 1164-10 or 
other aggregates that are not reactive to alkalis (alka li reac­
tivity class: E I, E 1-0- E I-OF orE 1-S) in order to avoid ASR 
damage. These requi rements take all the potentially possible 
material combinations into account ("worst-case scenario") . 
This means that there are concrete compositions that do 
not fulfil the above-mentioned requirements but which, in 
spite of this, would not lead to any ASR damage in practice. 
In order to be able to use such concrete compositions the 
Alkali Gu idelines have, since the 2007 edition, allowed their 
use if the lack of reactivity to alkalis is veri-

Before the ASR performance tests can also find their way 
into the Alkali Guidelines in Germany it must be proved 
that concrete compositions that are composed, and can be 
used, in accordance with the ru les in the Alkal i Guidelines 
can also be evaluated appropriately. The requirements in 
the Alkali Guidelines reflect the experience in Germany with 
concrete compositions that either exhibit no ASR damage or 
with which ASR damage has been shown to occur. Using 
the Alkali Guidelines it is possible to construct bui ldings and 
civil engineering works safely w ith regionally available con­
crete constituents. 

The fo llowing tests were used in the IGF project 16569 N: 
) "the 60 oc concrete test without alka li supply" for eval­

uating the alkali reactivity of concrete compositions of 
the WF moisture class (environment: concrete element 
is exposed to extraneous moisture, compl ies with E2 of 
CEN/TR 16349 [2])" and 

) "the 60 oc concrete test with alkali supply" for evaluat­
ing the alkali reactivity of concrete compositions of the 
WA moisture class (environment: concrete element is 
exposed to extraneous moisture and to external supply 
of alkalis, complies with E3 of CEN/TR 16349 [2])". 

In order to establish the conditions under which the test 
methods reproduce the lack of reactivity to alkalis of con­
crete compositions of the WF and WA moisture classes in 
agreement with the requ irements of the Alkali Guidelines, 
concretes were made up in accordance with the require­
ments of the Alka li Gu idelines and examined under vary­
ing test conditions (preliminary storage and sodium chloride 
concentration). 

WA moisture class f ied by an expert report. As a rule, such 
an expert report is based on an ASR per­
formance test. The ASR performance test 
should provide information about whether 
a concrete composition is sufficiently non­
rea.ctive to alkal is in the appropriate mois­
ture class so that it wi ll not be damaged 
by an ASR during the planned service life . 
The ASR performance test methods and 

0.5 ,--------------;:::::============~ 

the conditions for attestation of conform­
ity have not yet been described in the 
Alkal i Gu idelines. CEN/TR 16349 allows, 
in principle, for the possibil ity of assess­
ing the alkali react ivity w ith the aid of ASR 
performance tests [2] but conta ins no fur­
ther detai ls. The 60 oc concrete test (with­
out alkali supply) has, since 2004, been 
included in the AFNOR P 18-454 stand­
ard [3] and is used in France and Switzer­
land for evaluating the alka li reactivity of 
concrete compositions [4, 5]. 
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Figure 1: Expansion of various concrete compositions after 140 din the 60 oc concrete test 
without external alkali supply, 1 d preliminary storage at 20 °C/100% r.h. 
(blue) and 28 d preliminary storage at 20 °C/100% r.h. (grey), limit based on 
AFNOR FD P 18-456 [4] 
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Table 1: Aggregates and expansions in mm/m (%o) in the 60 oc concrete Table 2: Cements, composition and Na20-equivalent 
test as specified in the Alkali Guidelines 

Alkali reactivity Expansion in the 
Aggregate 

class 60 oc concrete test 

Rhine gravel El 0.24 

Crushed rhyolite EI-S 0.07 

Crushed gravel from the 
E Ill-S 1.22 

Upper Rhine Graben 

Crushed greywacke EIII-S 2.04 

Natural sand El -

2 Investigations 

2.1 Initial constituents and concrete compositions 
Concrete compositions were produced with coarse 2/16 mm 
aggregates of different alkali reactivity classes () Table 1) in 
combination with various cements () Table 2) . The cement 
content was 300, 350, 370, 400 or 430 kg/m3 and the water/ 
cement ratio was 0.42 or 0.45. Sand was used in all the con­
crete composit ions at about 30 vol. % . As a rule the coarse 
aggregate contained 40 vol. % of the 2/8 particle size group 
and 30 vol. % of the 8/16 particle size group. Table 1 shows 
the expansion of the coarse aggregates in the 60 oc con­
crete test as specified in the Alkal i Guidelines. After 140 d 
the expansion of the reactive greywacke (E Ill-S) and of the 
reactive crushed gravel from the Upper Rhine Graben (E Ill-S) 
lay significantly above the limit value of 0.30 mm/m. The non­
reactive Rhine gravel (E I) and the non-reactive rhyolite (E 1-S} 
exhibited expansions below the limit value. 

2.2 60 oc concrete test without alkali supply 
The concrete compositions for the WF moisture class (wet 
environment) were tested with the "60 oc concrete test 
without alkali supply" . The test procedure corresponded to 
the 60 oc concrete test as specified in the Alkal i Guidelines, 
Appendix C [1] that is based on AFNOR P 18-454 standard [3]. 
The tests were evaluated as passed if the expansions after 
140 d were s; 0.20 mm/m. This limit va lue was chosen on 
the basis of AFNOR FD P 18-456 [4]. For concrete composi-
tinn c f"'l"'lnt:::.in inn fl" ::.eh tho ovn:::.ncinn h:::.corl nn Lll=f\I()R 1=n 
~1-1 ,..._., ..._,.._,,I "''-'I I Ill I~ 11 1 UVI I \,. 1 1'-" '-' ' ',...,\,.4 1 1'-"'1 .._., 1 I .._,\,A ._, ...... """ .....,., I I ~ · I "- o 1 I ........ 

P 18-456 was compared with the limit values of 0.20 mm/m 
after 140 d and 0.30 mm/m after 52 weeks. Additional inves­
tigations were carried out in some cases with preliminary 
storage of 28 or 91 d instead of on ly one day. 

2.3 60 oc concrete test with alkali supply 
The concrete compositions for the WA moisture class (wet 
environment + external alkali supply) were tested with the 
"60 oc concrete test w ith external alka li supply" [6, 7]. The 
test method was originally developed for eva luating the alka li 
reactivity of concrete compositions for concrete road surfac­
es (WS moisture class: wet environment+ external alkali sup­
ply+ dynamic loads). The method was used here for eva luat­
ing concrete compositions for the WA moisture class with a 
3 % or 10 % sodium ch loride solution (NaCI) in order to 
adapt the method to the WA moisture class and achieve a 
practical method of eva luation. Tests were also carried out 
with a preliminary storage time of 91 d for some concrete 
compositions. 

2.4 Storage in the outdoor exposure site 
Some concrete compositions were also stored in the outdoor 
exposure site in order to compare the results of the labora-

80 

Proportion 11
/ Na20-equivalent [mass %] 

Cement constituent Cement 
[mass%] without S 

1 CEM 142,5 R -

2 GEM 142,5 R -

3 CEM 142,5 R -

4 CEM 142,5 N -

5 CEM 142,5 N -

6 CEM Ill/A [42,5 R] 44 s 
7 CEM Ill/A [42,5 N] 44 s 
8 CEM 132,5 R -

9 GEM I 42,5 N (st) -

10 CEM I 42,5 N-NA -

11 CEM 142,5 R (1) + 20 mass% FA 

12 CEM 142,5 R (1) + 30 mass% FA 

S: granulated blastfurnace slag, FA: fly ash 
[ ]: strength class of the laboratory cement 

-

-

-

-

-

1.19 

-

-

-

-

-

S,FA 

-

-

-

-

-

0.61 

0.92 

-

-

-

2.47 

11 Proportion relative to the cement without sulfate agent 

Total 
cement 

1.19 

1.01 

0.99 

0.81 

0.62 

0.94 

1.07 

0.89 

0.67 

0.56 

1.19 

I 

tory investigations with the behaviour of the concrete com­
positions under practical conditions. The testing has been 
carried out in th is way since the 1970s [8]. 

3 Results 

3.1 WF moisture class 
Concrete compositions were made up in accordance with 
the requirements of the Alka li Guidel ines . According to the 
Alkali Guidel ines these concretes are not expected to exhib­
it any ASR damage in structures that are exposed to a moist 
environment during a service life of at least 50 years . The 
expansions after 140 d in the 60 oc concretA tAst are sum­
marized in ) Fig . 1. In some cases the concrete composi-
tinnc:: f"'l"'lnt::lininn hl::lc::tfJJrn::lro rornontc:: \1\/oro c::tnrorl fnr ?R rl 
--~ .. ~ ~~ .. -~ .. ""::::1 ~·~~-- ~ .. ·~~~ ~~ .. . ~ .. -~ •• ~ · ~ ~-~ · ~~ • - · -- ~ 

at 20 oc and 100 RH (grey values) before the start of the test. 

The resu lts show that f ive concrete compositions passed 
the test when employing the limit value of 0.20 mm/m as 
specified in AFNOR FD P 18-456 [4]. Two concrete compo­
sitions (E Ill-S, c = 350 kg/m3

, and CEM I cement) exhibited 
expansions above the limit va lue. In these cases the resu lts 
of the "60 oc concrete test without alkali supply" lay on 
the safe side. lt is recommended that the limit value should 
not be changed initial ly because investigations in Switzer­
land show that with this method it is possible to different i­
ate appropriately between non-reactive and potentia lly reac­
t ive concrete compositions if the concrete compositions are 
produced w ith Portland cement [9, 1 0]. The results are dis­
cussed in detail below. 

Concrete compositions containing aggregates that are non­
reactive to alkalis (E I and E 1-S) passed the 60 oc concrete 
test even though the cement content of 400 kg/m3 and the 
Na20-equiva lent of the cement of 1.19 mass% were high. In 
both cases the test method correctly reproduces the require­
ments of the Alka li Guidelines that do not lay down any 
requirements for the alka li content of the cement or for the 
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Figure 2: Expansion of a concrete composition made with crushed 
greywacke of theE Ill-S alkali reactivity class and CEM Ill/A 
42,5 R (laboratory cement) in the 60 oc concrete test without 
alkali supply. Concrete with different preliminary storage 
times. CEM Ill/A 42,5 R cement, Na20-equiv. = 0.94 mass%, 
c = 400 kg/m3

, w/c ratio = 0.45, 30 vol. % sand 0/2, 70 vol. % 
greywacke E Ill-S 2/16 
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Figure 4: Expansion of various concrete compositions made with 
crushed greywacke of theE Ill-S alkali reactivity class and 
various Portland cements in the 60 oc concrete test without 
alkali supply. c = 370 kg/m3

, w/c ratio= 0.42, air voids= 4.5 ± 0.5 
vol. %, 31 vol. % sand 0/2, 69 vol. % crushed greywacke 
E Ill-S 2/22 

cement content for the E I and E 1-S alkali reactivity classes 
(non-reactive aggregates). 

Accord ing to the Alkali Guidelines, low-alkali cement must 
be used for concrete compos itions in the WF moisture class 
w ith a cement content of 400 kg/m3 and reactive aggre­
gates in the E Ill-S alka li reactivity class. An investigation 
was therefore carried out on a concrete composition con­
taining crushed greywacke (E Ill-S) and Portland cement with 
Na20-equivalent of 0.62 mass %. The Na20-equivalent lies 
only slightly above the limit of 0.60 mass % that, according 
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Figure 3: Expansion of a concrete composition made with crushed 
precambrian greywacke of theE Ill-S alkali reactivity class 
and various cements, stored in the outdoor exposure site. 
c = 500 kg/m3

, w/c = 0.45, 30 vol. % sand 0/2, 70 vol. % crushed 
precambrian greywacke E Ill-S 2/16 
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Figure 5: Expansion of a concrete composition made with crushed grey­
wacke of theE Ill-S alkali reactivity class, Portland cement 
and fly ash (FA) in the 60 oc concrete test without alkali supply, 
with a preliminary storage time of 28 d. CEM I 42,5 cement, 
c + f = 400 kg/m3

, Na20-equiv. CEM I= 1.19 mass%, 
w/(c +f)= 0.45 (k = 1.0), 30 vol.% sand 0/2,70 vol.% greywacke 
E Ill -S 2/16 

to DIN 1164-10, applies to Port land cement with low-alka li 
content. The concrete composition exhibited no expansions. 
The 60 cc concrete test therefore correctly reproduces the 
requirements of the Alkali Guidelines. 

A concrete composition made with laboratory cement con­
tain ing granulated blastfurnace slag that fu lfils the require­
ments for low-alka li cements as specified in DIN 1164-10 
also passed the test and the evaluation corresponded to the 
Alkali Guidelines (J Fig. 2). With cements containing granu­
lated blastfurnace slag the concrete initially exhibited shrink-
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confirms that no damaging ASR is to be 
expected under practical conditions with 
the concrete composition shown in Fig. 2. 

Figure 6: Expansion of various concrete compositions after ten cycles of alternating storage in 
the 60 oc concrete test with external supply of alkalis through a 3% (grey) and a 10% 
(blue) sodium chloride solution 

Concrete compositions that only partially 
fulf il the requirements of the Alkali Guide­
lines were investigated in a second stage . 
J Fig. 4 shows the expansions of con­
crete compositions that were produced 
with the E Ill-S crushed greywacke and 
a cement content of 370 kg/m3 in com­
bination with various cements. The Alkali 
Guidelines stipulate that low-alkali cement 
must be used in this situation. With the 
test method it was possible to differenti­
ate well between concrete compositions 
made with different cements and alkali 
contents. The use of low-alkal i cement 
could be dispensed with the above-men­
tioned material combination and concrete 
composition. However, an alkali content 
of the Portland cement (Na 20-equ ivalent 
of 0.90 mass %) wou ld be too high. 2.0 
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greywacke of theE Ill-S alkali reactivity class and various 
cements in the 60 oc concrete test with external supply of 
alkalis through a 3 %sodium chloride solution. c = 300 kg/m3

, 

w/c ratio = 0.45, 30 vol. % sand 0/2, 70 vol. % crushed 
greywacke E Ill-S 2/16 

age deformation within the first 28 d when it was stored 
above water at 60 oc in the test reactor· at the age of one 
day. If expansion due to an ASR occurred in the first 28 d it 
would not be possible to differentiate between the shrink­
age and the ASR expansion. The shrinkage during the test 
is significantly reduced if the concrete is exposed to hydra­
tion through preliminary storage at 20 oc for 28 d. Preliminary 
storage for 28 d is therefore to be recommended for con­
crete compositions made with cements containing granu­
lated blastfurnace slag and fly ash. 

J Fig. 3 shows, among other things, the expansion of a con­
crete in the outdoor exposure site that was produced with 
a Precambrian greywacke of the E Ill-S alkali reactivity class 
and CEM Ill/A cement. Neither cracks nor expansion had 
occurred after 19 years . In contrast to this, expansion and 
cracks occurred when a CEM I cement with high alkali con­
tent was used instead of the CEM Ill/A cement. This resu lt 
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Concrete compositions containinq fly ash and an alkali-reac­
tive aggregate (E Ill-S) were investigated in a third stage . The 
expansions of the concrete composition made with 280 kg/m3 

Portland cement and 120 kg/m3 fly ash did not exceed 
the limit values after 140 d (::;; 0.20 mm/m) and 52 weeks 
(::;; 0.30 mm/m) (J Fig. 5). The results can be regarded as 
being in compliance with the stipulations of the Alkali Guide­
lines that do not lay down any requirements for this case 
because the cement content is ::;; 350 kg/m3

. The Alkali 
Guidelines stipu late the use of low-alka li cement for cement 
contents > 350 kg/m3

. 

The concrete composition containing 320 kg/m3 Portland 
cement and 80 kg/m3 fly ash exhibited sign ificantly higher 
expansions (J Fig . 5). After both 140 d and 52 weeks the 
expansions lay above the limit values . According to the Alkali 
Guidelines this concrete composition may be tJsP.d without 
further measures because the cement content is::;; 350 kg/m3

. 

Th ic mo~nc th~t 1111hon the. limit \/::liiiCIC:: ~ro ::lnnliorl thon thP 
1 1 1 1 '-" 11 1 ....., 1...41 1 ._, \,. 1 1\,.A I,. YY I I....,f l 1..1 1..._, 1 10110 1.. ., ......, ,.._.. __ .._.. , _ - r- r--"-....., .. ,, _ ,, .. ,, ._. 

evaluations of the concrete compositions by the test method 
lie on the safe side. 

3.2 WA moisture class 
The expansions after ten cycles of alternating storage are 
shown in J Fig . 6 for various concrete compositions with 
supply of alkalis through a 3 % and a 10 % sodium chlo­
ride solution. The concrete compositions correspond to the 
requirements of the Alkali Guidelines. ASR damage is not to 
be expected . With a 10 % NaCI solution four of the seven 
concrete compositions exhibited expansions after 10 cycles 
of alternating storage that lay above the limit of 0.50 mm/m . 
In this case the concrete compositions would be debarred 
from use although, according to the Alkali Guidelines, their 
use would be permitted . Testing with a 10 % NaCI solution 
does not therefore appear to be appropriate . 

If the concrete compositions are tested with a 3 % sodium 
chloride solution the expansions lie under the limit value for 
six of the seven concretes. One concrete exhibits expan­
sions that lie just over the limit value . On the basis of these 
results the evaluation of concrete compositions using a 3 % 
sodium chloride solution is in line w ith practical experience. 
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Figure 8: Expansion of concrete compositions made with crushed grey­
wacke of theE Ill-S alkali reactivity class and various cements 
in the 60 oc concrete test with external supply of alkalis 
through a 3 % sodium chloride solution. c = 350 kg/m3
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Figure 10: Expansion of concrete compositions made with crushed 
greywacke of the E Ill-S alkali reactivity class and various 
cements in the 60 oc concrete test with external supply of 
alkalis through a 3% sodium chloride solution. c = 370 kg/m3

, 

w/c ratio= 0.42, air voids= 4.5 ± 0.5 vol. %, 31 vol. % sand 0/2, 
69 vol. % crushed greywacke E Ill -S 2/22 

The results of the concrete tests w ith a 3 % sodium chloride 
solution are presented and discussed below. 

Accord ing to the Al kali Guidelines it is not necessary to apply 
any measures for a concrete composition with crushed 
greywacke of the E Ill-S al kali reactivity class and a cement 
content of 300 kg/m3

. ) Fig. 7 shows the expansions of 
concrete compositions produced w ith various cements. As 
already described above, the expansion exceeds the limit 
value slightly with a high Na20 -equivalent of 1.19 mass %. 
This result shows that the requirements of the Alkali Gu ide­
lines are reproduced on the safe side by the 60 cc concrete 
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Figure 9: Expansion of concrete compositions made various aggre­
gates of theE Ill -S alkali reactivity class in the 60 oc concrete 
test with external supply of alkalis through a 3% sodium 
chloride solution. CEM I 42,5 N cement, Na20-equivalent = 
0.62 mass %, c = 430 kg/m3

, w/c ratio = 0.42, air voids = 5.5 ± 
0.5 vol. %, 30 vol. % sand 0/2, 70 vol. % crushed greywacke 
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Figure 11: Expansion of concrete compositions made with crushed grey­
wacke of theE Ill-S alkali reactivity class, Portland cement and 
fly ash in the 60 oc concrete test with external supply of alkalis 
through a 3 % sodium chloride solution. CEM I 42,5 cement, 
Na20-equiv. = 1.19 mass %, c + f = 350 kg/m3

, w/(c +f) = 0.45 
(k = 1.0), 30 vol.% sand 0/2, 70 vol.% greywacke E Ill-S 2/16 

test with alkali supply. However, not all the concrete compo­
sitions that meet the requirements of the Alkali Guidelines 
would pass the test. 

) Fig . 8 shows the expansions of concrete compositions that, 
according to the Alkali Guidelines, may only be used with low­
alkal i cements because of the cement content of 350 kg/m3

. 

One of the CEM I Portland cements used had a Na20-equiva­
lent of 0.62 mass % and therefore lay at the limit for low­
alkali cement. The CEM Ill/A (laboratory) cement with a 
Na20 -equivalent of 0.94 % also fulfilled the requi rements for 
low-alkali cement. Both concrete compositions passed the 

83 



test with a 3 % NaCI solution . The test therefore reproduc­
es the lack of reactivity of the concrete composition to alka­
lis in line with the Alkali Guidelines. 

If low-alkali cement is not used the concrete compositions 
exhibit expansions above the limit value. One exception is 
the concrete composition with CEM I cement and a Na20-
equivalent of 0.81 mass%. This concrete composition exhib­
ited expansions close to the limit value and a continuous 
increase in expansion . 

J Figs. 9 and 10 show that the expansions of concrete com­
positions with an E i 11-S aggregate and 430 kg/m3 CEM I 
42,5 N cement (Na20-equiv. = 0.62 mass %) or 370 kg/m3 

CEM I 32,5 R cement (Na20-equiv. = 0.89 mass %) lay 
significantly above the limit va lue. Accord ing to the Alkali 
Guidelines neither of the two concrete compositions could 
be used. The reactive aggregate (E Ill-S) would have to be 
replaced by a non-reactive aggregate (E I, E 1-S, E 1-0-E I-OF). 

In· individual cases the test can be passed by using low-alkali 
cement but this is not generally the case. The concrete com­
position with 370 kg/m3 low-alkali cement (Na20-equiva lent = 
0.56 mass %) passed the test. The concrete with 430 kg/m3 

low-alkali cement and the reactive crushed greywacke 
(E Ill-S) did not pass it (Fig . 9). 

With two concrete compositions containing fly ash the expan­
sions lay close to or above the limit value of 0.50 mm/m 
(J Fig. 11 ). The Alkali Guidelines do not stipulate any require­
ments for these two concretes because the cement con­
tents of 245 kg/m3 and 280 kg/m3 Portland cement respec­
tively are lower than 300 kg/m3

. These results show that the 
evaluation of the concrete compositions lies on the safe side. 

4 Final Remarks 

Damage caused by an alkali-si lica reaction in concrete struc­
tures can be avoided by using concrete compositions w ith a 
sufficiently low alkali reactivity. Criteria for ASR performance 
test methods were developed in IGF Project 16569 N so that 
practical evaluation of the alkali reactivity of concrete com-
nnc-i+innc- nf the \/\/~ <:>nrl \1\/{j, rnnic-t11re f"i<:>c-c-ec- f"f"'l drl he f"<:>r_ 
fJVVIl. I VIIV VI 1..11\.J V V I Ut 1\,.A V VI\ I I I V IVl.U I V VIUVVVV ..._, ...._, \,.Al.._.. ,._,.._, V\..AI 

ried out. Investigations were carried out to find the extent 
to which the 60 oc concrete test with and without exter­
nal supply of alkalis reproduces the require.ments concern­
ing measures in the Alkal i Guidelines issued by the German 
Committee for Structural Concrete (DAfStb) for the WF and 
WA moisture classes. The requirements in the Alkali Guide-

line reflect the experience with concrete compositions in 
Germany that either exh ibit no ASR damage or with which 
there has been verif iable ASR damage. The influence of dif­
ferent types of preliminary storage and sodium chloride con­
centrations was investigated. 

4.1 Evaluation of the alkali reactivity of concrete compo-
sitions in the WF moisture class 

As a rule, the results of the 60 oc concrete tests (without 
external supply of alkalis) for evaluating the alkali reactivity 
of concrete composition of the WF moisture class agree 
well with the requirements of the Alkali Guidelines when 
an expansion limit of 0.20 mm/m after 140 d or 0.30 mm/m 
after 52 weeks is applied. Concrete compositions made with 
Portland cements and blastfurnace cement that had been 
produced while taking account of the preventive measures 
of the Alkali Guidelines exhibited a behaviour that, in the 
laboratory tests, complied almost without exception with 
the regulations when these criteria were applied. 

Preliminary storage for 28 d at 20 oc is recommended both 
w ith cements containing granulated blastfurnace cement and 
when fly ash is used. 

4.2 Evaluation of the alkali reactivity of concrete compo-
sitions of the WA moisture class 

The alkali reactivity of concrete compositions of the WA 
moisture class was investigated using the "60 oc concrete 
tests with external supply of alkalis". This method reproduc­
es the requirements of the Alkali Guidelines under the fol­
lowing conditions: 

J external supply of alkalis through a 3 % sodium chloride 
solution 

J evaluation of the result using an expansion limit of 
0.50 mm/m after ten cycles (168 d) of alternating storage. 

The stressing and evaluation would be out of all proportion 
if a 1 0 % sodium chloride solution were used on solutions 
that have proved successful in practice. 
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The flexible use of prefabricated concrete 
products requires a continuously increas-
ing diversity with regard to fresh concrete mix 
designs and properties, moulding process-
es, surface finishes and finished product char­
acteristics. This trend imposes ever-high-
er requirements on the manufacturers of the 
associated production equipment and on pre­
cast plants. In this regard, the main aim is to 
set up flexible production systems across all 
process steps. A holistic view of the existing 
interactions and interdependencies is the pre­
requisite to implement a quality-driven man­
ufacturing process for concrete products and 
precast elements. 

To date, these interactions have not been con­
sidered in a comprehensive manner in the rel­
evant literature. This book closes the exist-
ing gap. lt illustrates the fundamentals of the 
production process, materials, concrete mix 
and concrete testing, as well as the equip­
ment used for concrete production. Dedicat­
ed chapters provide thorough descriptions of 
the manufacturing processes and equipment 
used to produce small-scale concrete prod­
ucts, concrete pipes and manholes, and pre­
cast elements. Drawing from their many years 
of experience and expertise gained in the field 
of precast technology and from their close ties 
to the industry, the main intent of the authors 
was to apply state-of-the-art testing and cal­
culation methods from neighbouring disci­
plines to precast technology. 
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