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ABSTRACT 

In I 982, a new type of cracking was found on the surface of 

concrete piers in Osaka, Japan. Various investigations have 
been carried out and t he cause of cracking was determined to 
be alkali silica reaction. This paper introduces a part of 
the investigations and the characteristics or the reaction. 

I . I\TIWDUCTIO\ 

Since 1982. Ina11v cracks 11·itli I lfl ,, 111111 i11 width haYe been 
<>bser,·ed on the concrete surfact: or s,·,·n;1I T sl1;qw piers of Hanshin 
I•:xpressway in Osaka. Japan. Cracks i11 1111' 1,ill;11·:-: arc mainly in Lhc 
vertical direction and those in beam .in· 111;1i11lv i11 1 lie horizontal direc 
tion. Various investigations have been carl'icd <>111 to determine the 
cause of cracking. As a result, the cause of crackin.'-': was considered to 
be expansion of concrete due to so the called alk,ili aggregate reaction. 
This paper deals with the investigations performed on concrete 
cores obtained from the cracked piers. Since then, various concrete 
structures damaged by cracking due to alkali silica reaction have been 
recognized all over Japan. Figure I to 3 show some typical examples. 

Figure 2 Figure 3 
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2. :VIETHOD OF I\TVESTIGATJON 

The following investigations were made on concrete cores of 10cm 
in diameter and 25cm in length obtained from the beams of 9 piers. 

(1) :vleasurement of expansion of concrete cores and observation of 
exuded gel. 
Drilled cores were stored in a wet room at 20°C and the strains 

due to expansion were measured periodically until they converged. 
Then, these cores were placed in a room 40°C and 100-9-o R.H. to obtain 
the residual expansion. At the same time, observation of gel exuded 
from the concrete surface was made. 

(2) Test of aggregate 
:\lineralogication inspection identification of the rock types and 

ASTM C227 tests were performed on aggregates taken out from the 
cores by disintegrating them in HCI. 

(3) Measurement of alkali and chlorine content in concrete 
Alkali and chlorine contents of the concrete were measured by the 

hot water extraction method using samples prepared by pulverizing the 
cores. 

(4) Observation and analysis of exuded gel 
Observation of reaction rims around the reacted aggregates and of 

exuded gel were perfomed by optical microscope. Observation of the 
gel by SE:\I, analysis by EP'.\1,..\ and chemical analysis were made. 

3. TEST RESULTS 

3.1 Outlook and expansion of core 

F igure 4 is a typical example of a reaction rim around a reacted 
aggregate particle in the core. While the core was stored in room at 
20°C and 100%R.H., gel exuded gradually on the surface of the reac
tive aggregate. Figure 5 shows the typical example in which the gel is 
transparent and gelatinous. Figure 6 shows the expansion of the cores 
obtained from pier No.45 of which the beam is badly damaged. The 
maximum strain reached about 0.2%. 

The relationships obtained between the maximum expansion at 20°C 
and l00° 0 R.H. and at 40°C and !00-9-oR .I-I. are shown in Figure 7. 
The result given in Figure 7 shows that residual expansion after stor
age at 40 C is generally low if a large expansion occurred during 
storage al 20 C. This is probably due to less unreacted material 
remaining in samples stored at 20°C and 100°oR.II. which showed large 
expansions. 
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:: .·1 \lincralogical properties of the ;ig.1.:n•g;ilc 

The composition ;incl grain size· "r th,· ;iggn: .1s, 1tes used in the 
c•lllLTde piers is shown in Figure 8. Tl1t· 1·"c:I, t1·p,·s were labeled A,13,C 
;r11d D. 

Table 1 sho11·s the results or 111i11l'r«logic;rl tcsts of Rock 1\,B,C an 
IJ IJ), polarizing microscope ancl ED\:. I:ro111 tlics,: 1.r.sts, cristobalilc, 
;r11cl volcanic glass 11·ere clt:tected in l<ock i\. l' ;111cl I) ilnd these rocks 
11·t:I·t: indcntifiecl as !Jronzitc anclesile. 
l<ock ll 1rns l<hyolitic 11·c lcl ed turf. The existence or crislob;i li le was 
also confirmed by X rav clirfraclion ilnillysis or Hock C. (Figurc q) 
;\Jotar bars tested according Lo .\ST\! C227 exp,1nclccl bv O.OS 0 o 11·ith a 
cement 11·ith an alkali content or 0.96°0 '(;i , 0 equivalent and b1· U.I8"u 
with ;i cement with ;in alka l i cnnt,·nl or I.9:=i "n \a., 0 cqui1·,1lenl. 
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Table 1 :vlineral constitution of aggregate rock 

--------------- Rock 
Minera 1---------------

Orthopyroxene 

Magnetite 

Plagioclase 

Alkali feldspar 

Sili.ca minerals 

Glass 

A 

Bronz i te 

<1 01; 

' ,. 
47' 

B C&D 

Rhyolitic Bronzite 
walded tuff andes~ta 

small 

large 

Quartz 

< s, 

1% 

37' 

Cristobalite 
•o• 

u 2 o rich 

I 00 ,-------~F~--L-c_g_c,-,d--~ 

u:_ - Cri 

F 

f. : feldspar 

F Q : quartz 

a-Cri : 
·cristobalilc 

Figure 9 
X ray diffraction 
Analysis of Rock C 

From these test results, Rock :\. C and [) were confirmed as reactin:. 

3.3 Alkali and chlorine in the concrete 

Table 2 shows the content of water soluble alkali and chlorine in 
the concrete measured by the hotwater extraction method. From this 
test result, it is inferred that a considerable amount of alkali was 
introduced into the concrete by sea dredged sand since relatively large 
amount of chlorine was found in the concrete. 

Table 2 

Pier 

P-41 
P-4 2 
P-44 
P-45 
P-47 
P-4B 
P-53 
P-54 
P-58 

Watersoluble alkali and chlorine in con
crete by hot-water extraction method 

No f'la 2 0(\) K20(1.) o~:~~; 201,, Cl(' l 

0. 1 6 0. 1 6 0.27 0.048 
0 .1 8 0. 16 0.29 0.072 
0. l 6 0., J 0.25 0.060 
0. 1 9 0 .16 0. JO 0.086 
o. 1 6 0. 1 5 0.28 0.058 
0.20 0. 1 4 0.29 o.oeo 
0. l 2 0. 1 2 0.20 0.045 
o. l 1 0.12 0. 1 9 0.046 
0.22 0. 1 7 0.33 0.095 

3.4 Observation and analysis of exuded gel 

Figure 10 shows SEM and the result of EPM.\ of the gel. 
Table 3 shows the chemical composition of the gel. The gel exuded on 
the surface of Bronzite andesite included fairly large amount of SiO, 
and relatively small amounts of Na2 0 and K2 0. 
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SEM 

EPMA : Element Si 

EPMA : Element I< 

Data of 

element 

analysis 

Figure 10 Figure of SEM and EP\lA and data of clement anal~·sis 

Si02 78.64 

Cao 0 . 61 

Na2O 1. 53 Tab le 3 
K2O 2.24 

Total 83.02 
Chemical composition of gel (%) 

:i.:-, F;1ctors affecting- 1.'xp;1nsil)n nf the core 

I:igure 11 sho11·s the r1•l;1til)nship lwl 11·,·L·11 111;ixi11111rn expansion of 

"' tile core and the content of l<ock 1\ (plus 2.5 to 5 mm particle size). 
Figure 12 shews the relationship IJL'I 11·,:,:11 111;1ximum expan sio n 
"f lilt.: core and the waler solub le ;.ilk;Jii c"11I,·11l. 1:1·0111 these results, 
it was found that there existed pessimum witli 1·L'SPL'cl to expansion of 
concrete made of this reactive aggregate and Lil,1L th<.: pessimum for a 
mixture of Rock 1\ plus 2.5 to 5mm . size was about 55°6 and the 
pcssimum for the content of water soluble allrnli was about 0.29°0. 
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Figure 11 Relation between content of 
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The following results were obtained from the investigations 
on cores from cracked piers. 

(1). The main cause of cracking was inferred to be alkali

aggregate reactivity. 

(2). A significant amount of alkali was provided to the 

concrete by the cristobalite and volcanic glass in the 

aggregate. 

(3). There existed a pessimum for Rock A of 2.5 to 5mm 

grain size and for water soluble alkali with respect to 

the expansion of concrete made with reactive aggregate. 




