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Textures of Concretes Affected by Alkali-Silica Reaction
and Prediction of Their Residual Expansion Capacity

by

Katsunobu Takreuchr*, Mitsunori KAWAMURA** and Kazuyuki Torm**

Recently, a number of bridge concrete piers which appear to be damaged by the alkali-silica reac-
tion, have been found in a certain district in Japan. The major purpose of this study is to reveal
whether the damage in the concrete piers was caused by an alkali-silica reaction. Another important
problem is to predict the residual expansion capacity of the affected concretes for the purpose of re-
pairing them appropriately. The reactivity of aggregates used in the concretes was investigated by micro-
scopic examination. In this district, a large amount of sodium chloride is being used as a deicing
agent for many years. Accelerated expansion tests in saturated NaCl solution as well as in high humid-
ity were carried out to predict the residual expansion of the actually damaged concrete piers. The cor-
relation between the results obtained by the accelerated expansion tests in saturated NaCl solution and
in high humidity was found to be considerably good. Andesitic and rhyolitic aggregates in the con-

cretes were reacting‘

Key words : Existing damaged concrete, Alkali-Silica reaction, Residual expansion,
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Fig. 1. Map cracks found in a bridge pier to
be investigated.

Fig. 2. Severe cracks on gable parts of a pier

which have been exposed to rainfall.
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Table 1. Results of the micoscopic examinations.
Bridge Gravel Sand
No. Andesite | Rhyolite | Flint | Andesite | Rhyolite | Flint
T-1 R P P P, 1 P P
T-2 —_ R — R, 1 R —
T-3 R R — R R —
T-4 R — — R Pl e
T-5 R R — R R R
T-6 R — — R, h — —
T-7 R R — R R —
T-8 P P — R, h P —
T-9 R P — R R R
. X T-10 R P — R P R
Fig. 3. A thin section micrograph of the concrete T-11 R P _ R h Pl _
in T-4 bridge pier which was taken in ordi- T-12 — P — R h R R
nary light. T-13 - P — R, h Pl
T-14 R P — R, h P, 1 —
T-15 R R — R, vh R, h R
T-16 — Pl — R, vl R, vh R
T-17 R R — R R, h R
T-18 R R, h R R —
T-19 — P — R, h P —
T-20 — R — R R R
T-21 R R P R R R
T-22 — P P R R, vh R
T-23 — P — R R, h e
T-24 R R — R, h R
T-25 — P — R R, h R
T-26 — R P R, h R R
T-27 P P e R R —

Fig. 4. A thin section micrograph which was taken

in fluorescent mode for the same area as that
presented in Fig. 3.
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R : Present and reacting, P: Present but definite sign of reaction yet,
1: low amount, h: high amount, v: very.
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Table . Compressive strength of concrete cores.

Bridge Strength Bridge Strength Bridge Strength Bridge Strength
No. (MPa) No. (MPa) No. (MPa) No. (MPa)
T-1 33.3 T-10 33.5 T-19 42.0 I-1 17.1
T-2 33.3 T-11 45.8 T-20 26.9 1-2 25.3
T-3 24.8 T-12 30.5 T-21 24.5 I-3 23.9
T-4 25.0 T-13 30.5 T-22 49.0 I-4 17.6
T-5 27.0 T-14 28.1 T-23 30.8 1-5 23.1
T-6 27.7 T-15 37.3 T-24 35.8 I-6 29.8
T-7 34.2 T-16 37.1 T-25 27.6 I-7 25.7
T-8 29.7 T-17 25.1 T-26 29.3 I-8 28.6
T-9 27.8 T-18 27.8 T-27 24.7 1-9 25.0
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Table M. Modulus of elasticity (E) of concrete cores.
Bridge E Bridge E Bridge E Bridge E
No. (GPa) No. (GPa) No. (GPa) No. (GPa)
T-1 18.3 T-10 19.1 T-19 27.3 I-1 11.1
T-2 28.3 T-11 29.3 T-20 27.8 1-2 22.8
T-3 28.2 T-12 19.4 T-21 14.4 I-3 18.0
T-4 12.8 T-13 25.6 T-22 32.7 1-4 19.6
T-5 23.7 T-14 13.1 T-23 12.7 I-5 21.1
T-6 11.9 T-15 25.8 T-24 25.0 1-6 33.0
T-7 14.9 T-16 20.6 T-25 24.1 1-7 7.31
T-8 11.4 T-17 12.6 T-26 16.1 1-8 13.8
T-9 11.3 T-18 24.8 T-27 12.6 I-9 22.8
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Table IV. Reactivity of aggregates in the damaged concretes.

Aggregate (mnslgl %) (mrligl %) Reactivity Aggregate (mﬂslgl /0 (mri(c)i /0 Reactivity
T-1 Gravel 78.5 55.9 Deleterious T-1 Sand 20.6 106.5 Innocuous
T-4 Gravel ¢ 392.3 64.0 Deleterious T-4 Sand 542.5 212.8 P. Deleterious
T-6 Gravel 72.0 30.0 Deleterious T-6 Sand 518.8 135.7 P. Deleterious
T-9 Gravel 199.5 84.5 P. Deleterious T-9 Sand 421.7 131.6 P. Deleterious
T-16 Gravel 74.8 27.7 Deleterious T-16 Sand 256.4 154.7 P. Deleterious
T-17 Gravel 223:9 65.8 Deleterious T-17 Sand 497.0 101.9 Deleterious
T-24 Gravel 73.2 35.1 Deleterious T-24 Sand 588.1 113.8 Deleterious
I-1 Gravel 545.6 94.0 Deleterious 1-6 Gravel 67.4 31.7 Deleterious
I-2 Gravel 383.1 75.1 Deleterious I-7 Gravel 123.1 25.3 Deleterious
1-3 Gravel 353.1 75.2 Deleterious I-8 Gravel 372.1 91.6 Deleterious
1-4 Gravel 422.6 111.6 P. Deleterious I-9 Gravel 347.6 93.5 Deleterious
I-5 Gravel 92.6 54.2 Deleterious
P. Deleterious : Potential deleterious.

Table V. Chloride contents of concrete cores.
. 1- . 1- . Cl- . Cl-
B;\xldge cogtent B{\xldge cogtent B;\ljdge content B;\l](ige content
o (kg/m®) © (kg/m?*) o (kg/m®*) ' (kg/m?®)
T-1 0.53 T-10 0.20 T-19 0.47 I-1 0.76
T-2 0.55 T-11 0.64 T-20 0.00 1-2 0.65
T-3 0.55 T-12 0.21 T-21 0.16 I-3 0.34
T-4 0.41 T-13 0.10 T-22 0.24 1-4 0.35
T-5 0.39 T-14 0.16 T-23 0.10 I-5 0.18
T-6 0.57 T-15 0.16 T-24 1.10 1-6 0.33
T-7 0.57 T-16 0.19 T-25 0.15 1-7 0.44
T-8 0.64 T-17 0.18 T-26 0.22 I-8 0.44
T-9 0.25 T-18 0.14 T-27 0.17 1-9 0.35
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Table VL. Prediction of the residual expansion of the damaged concretes

according to an accelerated test in a high humidity.

Bridge Maximum Possibility Bridge Maximum Possibility
No. expansion™® (%) expansion No. expansion* (%) expansion
T-1 —0.016 Low T-24 0.058 High
T-4 0.087 High 1-1 0.050 Low
T-6 0.014 Low 1-3 0.044 Low
T-9 0.060 High 1-7 0.067 High
T-16 0.046 Low 1-8 0.058 High
T-17 0.031 Low

*  During 6 months.
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Fig. 5. Expansion curves of concrete cores in
>95% R. H. and at 38°C.
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Fig. 6. Expansion curves of concrete cores in

saturated NaCl solution.
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Table VII. Prediction of the residual expansion of the damaged

concretes according to the Danish method.

Bridge Expansion* Possibility of Bridge Expansion*® Possibility of
No. (%) expansion No. (%) expansion
T-1 0.034 Low T-24 0.151 Indefinete
T-4 0.560 High I-1 0.051 Low
T-6 0.335 Indefinite 1-3 0.060 Low
T-9 0.463 High 1-7 0.302 Indefinite
T-16 —0.066 Low 1-8 0.080 Low
T-17 0.560 High

* At 3 months.
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Fig. 7. Expansion curves of C.F.-bearing mortars.

15— T
- Time after immersion in NaCl solution
| e :28days
m :56 days
_ ¢ :84 days
® 10 4:105 days .
o v :157 days
R - o :185 days
é L
s L
& 0.5- .
0.0 0.01 0.02

Alkali/C.F. ratio

Fig. 8 Relation between alkali/C. F. ratio and
expansion after immersion in saturated
NaCl solution.

711 /C.F. I & NaCl R ERDOEERE L ORRK
ELIZLDTHA. Fig8Xbh, 7VvhY/C.F. 1t
DI > TRRESEMT 5 Z E2%bh b, T4
bh, Frv—rFEIIBITARERER, TR
ZITHH L THERT L E0vhh s,

FUR—=2FEIBITAI )~ a7 DOBIER,
NaCliZk AT N A Y)W RIEOIREIZE LD DL
EZONBY, ZOFHMIBED L ZARHTH 5.
L2 L, IN NaCl 5#HI2B1T 5 KntgHes £
VI VORI, NaCLOBAWL L sTTIVh )Y
ﬁﬁmﬁ%ﬁénétbgé%:tﬁ%%%wﬁ%m
BOWTHLPIZENTWS, F7-, ff1 NaCl B
B0°C) LAY (38°C) DEAFHTIZBIFALENLF IV
@@%%@#ﬁtﬁﬂ&ﬁ%@%téékmﬁme
L Hudec O FEE#EHR L, NaCl BFOEL Y LD
BARIET VA U AICE DD TH A & %R
WL TWw5h.

L7ziSo T, Trve—2HEIlBWIKRELEREY.
RSy — NI, TAHY DI UBICSELR T
W) ERIBHERG % R FHICEATHWAZ LR E
KTbHEEZOLNA.

10 #% o

AkA & LT NaCl #fH L TWAMTT TRAIN
725 HOHa >y 7)) — MEMIZOWTHA LR,
DT oL miEmwmoE:osn.

(1) BAMEEBIZ, HFHBRB L OMbEEkIc X 5]
HEREBOKR LY, BAELaY 2 ) - MEHOLL
JERE, $NTRIBEDORINE T 723 mCaBMic &
BTNAN T ARIETH 5.

(2) HETEMSEICL Do v ) — MER OB,
KeEEHB LU RX v b= 2 VRICHEET S 00
DRERGBICROHET I EXTEET, TAUAY LU D
FIGDZBWHED 12 LTHEMTH A.

(3) HitlL7zayz)— MEHIZIE, ZEDEY
PHEET 5. ZHUE, BokFl L L T#ds L7z NaCl 28
Ay Y—rHRIBALLZDTHSE. D NaCl i
Ko TTNH) 2 1 BRAMEHE S 7] RetE DS W

4) Fre—J2FECBVWTKRELEEESR LD
Yo =ME, TR D) A BORAEEEES A DI

NI | -El ectronic Library Service



The Society of Materials Science, Japan

ThAIVIY DRI E > THA LT v 2 ) —  O#E L BEEEEOFH 969

BT Vi) ERRERG R LTI EATHD
ZERbNb.
(5) AWFETHELZI Y27 ) - MEHD LI

NaCl DEE %52 v 7 ) — MEEWIIB W T,

Ty = EE, BEEREEFNT A HEE LTI
FIZEMTH 5.

av ) — MEROBEMBEHLICBITARENSEA
DL, Dr. Chatterji IO I L Y EES Nz b
DTHY, KOBIT LRI L 3.

z T X B

1) RE—, AKKIE, AAKE, X M EER, 38,

106 (1984).
2) TR, RN OB, B OEE, TARFAHREFEMNE
AP, b5, 428 (1987).

4 ) K. M. Andersen and N. Thaulow, Petorography applied
to concrete, 71 (1990).

5) A. D. Jensen, K. Eriksen, S. Chatterji, N. Thaulow and
I. Brandt, Petrographic analysis of concrete, Danish
Building Export Council Ltd. (1989).

6 ) H. Strunge, S. Chatterji and A. D. Jensen, il cemento, 3,
158 (1991).

7)) JURER, YTABME, ILEE,
WOICHAESE, 15-1, 923 (1993).

8) MM ¥, “avzY—tOBAK" p.93 (1986) A
5

9 ) Britsh cement association, The diagnosis of alkali-sili-
ca reaction, 26 (1992).

100 WrmsE, IR, MILEE, av 29 - FI¥EEX
FOCHGESE, 1571, 917 (1993).

11) J. A. Larbi and P. P. Hudec, Cement and concrete

oy — NIEEXR

3) 7oA ) EMBICHENARESR, “TNMHUEMIG
B RRSEE", 208 (1989) @HAZ Y 71— b

T#H&

research, 20, 73 (1990).

[T T R T AT TR

= =
= B
L TR F RV N VRPN

aryy)— MLE HEGEEOFE] X
(Ea v offunl) 5K

it ER, KE K BB
(19934F, DL 2 > Mi%, B 6%, 60—, 5ffi1000M)

X v PORFIFRITH 3 ~ 4D T I v FIHEH SNABNIE TELDITLDS, TR EL
TIE18244FE 1 1) 2D Joseph Aspdin DEEHIZ L B2 D EENTW A, LKRISMELT YV OERLFLTEY,
COMINEHAWEA Y ba v s )= MEEAR - BEYOFEREMBO—2 & LTIBMICHER SN TE .

X P = M, HFCERZEORBAE L 2w L, BENTHLI L, WAKWTHAZ L, W
DIRADVBESHTHLI L, MBORENIES CHLIEREDHNEEZFELTWA., LrLBIFRay 27 ) — g
B - LT A DIMOBEE S LETEWEWV) ZETRV. E250bNTWs X2, BVAE, @)
ZEE, ANBRBLEIARTRTHY), EOT UL A e EALENDH A, BEFMICa Y 7 1) — b ORBLILHE
Bl o722 bW H B, BHBLIOER, OB, HEHHIRRICL A28 2 L D0+ R
RO IEDRERBERD—DELTEZLNS.

DY) = FIECED DL ETHRAWIFLEREZLIZIIS 213 U0, BESABRETHERAEEE L UL
RERIV 7)) — MEERFELRSICHE SN TBY, EMEEARIOZEE2DETZTHARITTHA. L
PLBEHBORFEL EORBFIIRE L GRBE SN TBIHAIWEV) HRIED R, $£72, a2 —h
THEIWLCOPOHEMEZICHTENTE Y, BEORGRIENRIEMLR DIGEPHTA SN S,

RKEFZI 7)) - VLRGP AELFHBCIEOTHEILLZLDTHS. AEMIZIEEHF LV OTIER
KBV FIZOIENFBAREINTEY, LHEHLEVWHIIFEDLDOTIRLEVA, FETHLAGFICHESCE L
&, HHVIEBHHHICS o LHEZBLTREFIIESHOLITIEL > TIWHER), RESHEFICENZ IS
ATy PRTAR=VEBFECELOON T A, BRICYETENA JIS B EINTEBY, K7y MBI
TEBLICBIFHETHA ).

(NGl EIE St

NI | -El ectronic Library Service



