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1. INTRODUCTION

CYlindorical reinforced concrete models with 2.0m, 1.0m, 0.5m and 0.3m in
diameter and 2.0m, 1.4m, 1.0m and 0.5m in height, respectively, were made by ASR
concrete and stored in 40~ and 100%RH for 270 days, in 60~ and 100%RH for 185
days then in the atmosphere for 1345 days. Most of models were made of normal
portland cement and some were made of fly ash cement and blast furnace cement.
Some models were stored in the atmosphere and one of them was sheltered. Strain
measurement and crack observation have been made periodically.

This paper gives the informations on ASR observed from these concrete models.

2. MODELS

Table 1 shows the concrete models and their storing conditions. Table 2 shows
the mix proportion of ASR concrete which is same as a bridge pier. The reactive
aggregate used is Bronzite andesite and the fine aggregate used is not reactive.
The alkali content of the ASR concrete was adjusted to be 6.14 kg/TIl by adding NaCI.
The size and steel ratio of model A are same as the actual pier. The difference
between the actual pier and the model Ais the restraintatthetopandthElb()ttom.

_______Thetopofthemodelkisfreeandthe-bottom rs restrained only by the friction of
the base concrete. The model C-1 was made of fly ash cement and the model C-2 was
made of blast furnace cement. After stripped at the age of 5 days and cured in wet
condition and 20·C for 11 days, these models were stored in the specified
conditions as shown in Table 1. Expansion of these models was measured
periodically by strain gauge. Cores of 70mm in diameter and 150mm in length were
drilled 3 times from the model A and the expansion of the cores was measured. The
cores were stored in 20·C and 100%RH until the expansion converged then moved into
the room of 40·C and 100%RH for measurement of -the residual expansion.
The ultrasonic velocity of the models was also measured.
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Table 1 Concrete models

l.ongitudinal Hoop bar Equivalen StorIng ConditIon
Hodel NO. bar Na20

steel steel Type of cellent Stage 1 Stage 2 Stage 3

(aize) sIze ratio size ratio (kg/nf) 270days 185days(%) (%) 1345days

A Norlla1 40'C 60'C
Disaeter; f 2.011 032 0.92 025 0.23 portland 6.14 100%RH 100%RH

Ataosphere
Height ; h2.011 cellent

B Norlla! 40'C 60'C
(f :1.011) 022 0.90 016 0.20 portland 6.14

100%RH 100%RH
Atllosphere .

h:1.411 cement

FlY ash cement
C-1 (30% replace.ent) 4.80

- Blast furnace 40'C 60'C
C-2 cellent 4.24 100%RH 100%RH

C - (50% replace.ent) Atllosphere

~ :0.511) C-3 016 0.92 016 0.24
h:1.011 ~ Nonal

C-4 portland 6.14 Atllosphere
cellent (sheltered)

~

C-5 Atllosphere

D Nonal 40'C 60'C(f :0.311) 029 0.92 - - portland 6.14 100%RH 100%RH Ataosphere
h:0.5a cellent

Table 2 Mix proportion of concrete

Gmax Islum Air VIC Sla V C S GR

(III) (ca) (%) (%) (%) (kg) (kg) (kg) (kg)

20 8 4 55 41 191 345 745 1070
GR/G=100%

OR ; Reactive Aggregate

3.1 Cracking pattern and distribution of ultrasonic velocity

Figure 1 shows cracking pattern of model A and Figure 2 shows the distribution
of ultrasonic velocity of each model. The cracks started from the top of the model
and increased gradually. The cracks continuously developed also in the atmosphere.
The ultrasonic velocity dropped also from the top of the model. These results
indicate that deterioration by ASR starts from a free end, where restraint by
reinforcement is relatively small.

-710-



Ale 125 da•• H ;Jleasuring
level

V; ultrasonic
velocity

!lodel A
5''''''1 lle(d.yS)

o 110
o ~7
to 1094

Rodel B

~Ifi
°35 o&Q, 4.53.5 4.0 453.5 4.0 45

~lI~m
03.5 4.G 4.53.5 4.0 4535 4.0 4.5

V (bIs)

Figure 2 Ultrasonic velocity

~•u
~1

rEffiw
~m

Cracking pattern of
lIodel A

Figure 1

3.2 Expansion of models

Figure 3 shows the expansion of model A, B, C-3 and D measured at the center.
The expansion of model A, Band C-3 reached 500 to 600 X10-" under 40"C and 100%RH
then rather contraction occurred under 60"Cand 100%RH and successive atmospheric
condition. Model D expanded only 200X 10-s. Figure 4 shows the expansion of model
C-4 and C-5. The expansion of model C-3 was plotted again in the figure for
comparison. Figure 5 shows the distribution of expansion in each model.

According to these results, following points are inferred.
(I) Expansion due to ASR depends upon the size of the structures.
(2) 40"C and 100%RH is more severe condition than 60"C and 100%RH for the

reaction of Bronzite andesite.
(3) Atmospheric condition withQut initial accelerated condition might yield

more ASR expansion as a whole.
(4) Cut of water supply delayed the reaction of Bronzite andesite.
(5) Expansion due to ASR occurs not only near the surface but also inside of

the structure although cracking remains within the concrete cover.

Expansion of model C-3,C-4
and C-5

Q)"
~SJE'"" .....__......__.-- --,
~60:
Q) •
C.
E

CQ) •
,--------.~jo-,=P.'!i.~~::=;;;:;;.;:;,;;;;.::L;=.......,.:.~::;.;.=;...:...::;:.;:;:;,I,

~I\foo...O,..--==-r-~:;...,,.....;;=,~.::.:;.=:-....;;:;;:..:;...,..;~
co
c.
0<

UJ

Co
-f...,
<.l
co
~...,
C
o

u Figure 3 Expansion of model A,B,C-3 and D

C

.~ 110-'
rIl 800r-------~::7.:-_,~----.
C
III
~ nJ--,- ,'" ,.~-,:--\:.., ," },/-..... - .. , .

UJ

C
o

'.-1...,
<.l
~40C).L-------''''''-='-'=L-.lO.~==:.::::'''...,
g Figure 4
u

-711-



Model D

Center Surface

400 ~ t

~ti'
1 0 1Sca

Model C-3

Center Surface

:a
lO~lEC'

o 25ca

Measuring position

Model 8

Center Surface

if:
o 0 25.50calOGca

Surface
~

50o
OH---+"""';'Uf

Model A
Center

Xl0'"

co....
'"cco
0.
0<

W

Figure 5 Distribution of the expansion in each aodel at the age of 3 aonths

3.3 Expansion of cores from model A
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Figure 6 shows the expansion of cores drilled from the model A at 3 different
age. Figure, 7 shows the released expansion of the cores which is defined as the
expansion occurred under 20~ and 100%RH. In this figure, the expansion of the
model A is also plotted. Figure 8 shows the residual expansion of the cores which
is defined as the expansion occurred under 40~ and 100%RH. In this figure,
residual expansion of the model A is also plotted. This residual expansion was
obtained by subtracting the expansion already occurred at the particular age from
the total expansion converged at the age of 400 days.
Expansion in Figure 7 and 8 is the average
expansion of cores from lower and upper
part of the model A. Expansion measured
near the surface of the model A was
adopted as the expansion in Figure 7 and 8.

According to these results, expansion
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Atmosphere

Expansion of the model
C-I,C-2 and C-3

of core drilled from a damaged structure due to ASH would provide good measure of
the expansion of the structure and residual potential of the expansion.

3.4 Effect of fly ash and blast furnace cement

Figure 9 shows the expansion of the
model C-1, C-2 and C-3. Figure 10 and 11
show these models at the age of 1000 days. I

According to these results, the models ~ 4O'ii'~~~
made of fly ash cement and blast furnace g ~
cement expanded less than the model made of "til ~10...o0~"T'""';;;r;:-"r~~-r-~~~":-T"""" .............-d
normal port land cemen t and no cracking:ii 800 I 1200
appeared in these models. This test resul t ~ !
indicates that the use of fly ash or blast 400 f
furnace cement may protect ASR. g U!~:"'~~::;:~~~~-j~:;::~J

j 0/r
~ 1200
~...,
c
o

u Figure 9

Figure 10 Model C-1 and C-2 Figure 11 Hodel C-3

3.5 Comparison of the actual structure and model A

Figure 12 shows the cracking pattern of the model A and Figure 13 shows that
of the damaged bridge pier. Cracking density of the pier was 7.1 m / rrf and the
maximum crack width and depth were 0.7mm and 9.1em, respectively, at the age of 5
years. On the other hand, cracking density of the model was 6.6 m/rrf and the
maximum crack width was 1.6mm at the age of 5 years.

These results indicate that the model reproduced the ASR phenomena occurring
in the actual pier ([1][2]).
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Figure 12 Cracking of the model A
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4. CONCLUDING REMARKS

From the test, following results were obtained.
(1) The model reproduced the ASR phenomena of the actual bridge pier.
(2) Cracking started at the free end of each model, where restraint by

reinforcement was relatively small.
(3) ASR of the sheltered model was 'delayed.
(4) Cracking depth was up to the concrete cover although expansion due to ASR

was also occurring at the middle of the model.
(5) The released and residual expansion of core drilled from a damaged

structure due to ASR would represent the expansion phenomena of the
structure.

(6) ASRmodel made of flyashcelDent or blast furnace cementc!i.c! lloteltPall9l?O
much and no cracking appeared in the model.
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