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Alkali- Aggregate Expansion

by

Mitsuru Sarro*, Akio KiTacawa** and Shigemasa Hasapa***

The effect of LiNO, on the suppressivii-of expansion due to alkali-aggregate reactions was investi-
gated by preparing mortars with a reactive andesite sand and measuring the expansion at the pre-
scribed times of the mortars cured up to 7 months. The test results showed that the addition of LiNO,
giving a Li/Na mole ratio of 0.4 conspicuously suppressed expansion of mortars stored in a fog box
and immersed in 1IN NaCl solution at 40°C. Furthermore, none of the mortar specimens containing the
amount of L.iNO, which exceeded a Li/Na mole ratio of 0.8 expanded even under the severe condition
of 6 months immersion in IN NaOH solution at 20°C. Expansion tests of mortars using reactive sand
particles impregnated with LiNQ, solution were conducted as well. The use of the impregnated sand
particles was found to suppress expansive alkali-aggregate reactions promoted by the intrusion of
Na*, Cl-, and OH" ions. it was also confirmed that the compressive and tensile strengths of mortars
changed little by the application of LiNQ,. The results obtained show that LiNO, may be able to use
as a chemica} admixture for preventing alkali-aggregate expansion of concrete.

Key words : Alkali-aggregate reaction, Expansion, Chemical admixture, Lithium nitrite,

NaCl solution, NaOH solution
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FAR
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2.1 BARBATERE

2-1-1 EAMHE RAAMELT, LINO, zAw
7-. LINO, ®{EM 1, LiNO., Li.0-35S5i0. 8L
U LIOH # AW FHREROZBRLD, fneds
BRI RE T ER L THRELA. FHALLELY
b, Na,O #t0.32%, K.O# 0.36%, Z¢fi Na.O &
056% DIETLVHYELFT > FEAXTHD,
i THKEEEKTHE. Y TERIEHHES
DEMNa,O B A PERN 1.2% &25 L9512
NaOH #BALE. TAHYRLEHEEHETLEHE
LT, thiE 2.60, BRAKE 2.37% B L FHFHBRAKE
1.60% OFNEHEEEOELIZLUETHEALL. &
DE# L, JIS A 5308 TEHO TN A S H B
PEECEE TR (dESREE)) DL BERBIYIR (S) B
rUT AN VIBERLE (R) PFEREFRSA B X
U208 mmol/l THY, BECTLWEHESRLLD
CHhH, EEICELTE, BXTESm OERE
WEEVa—sT 9 ry—bF 4 AVEEBEFAY
TEiEL, BREOHEL 2D L 525mm 26 0.15
mm % T 6 WHRO SV EHOTHRLL FERIE
ﬁ“ﬁtbr ~%®/u—zrﬁﬁ$$@%ﬁmb
f.

2. 1-2 &ﬁ%mﬁ@ ELFADREE, HE

HTtar b1, k05 F|EH2.25ELL RISH
~B LD, FFETE, P, REB LURLZIRE
EVIBRLERIKECE RN TV A, FHOE
RIE RV, KAy PEPELLEVISEBL
fo. @i E4icid, JIS R5201 itBEShAz 34 %
fEEL, S0 TEEME 1208 & Lo, SBAE, W
MICESEMER T 7 /7y - VEEHAAL 40
X40X160 mm O HEEETH L. BETLOBAEL,
JIS A 5308 TE#MOTNAY Y ARISHEREHFE
(BhFNsi—E) ] SR

2-1-3 fERAEOESE FIA TIE Table 1R
4L 32, By LINO, 2L Sa ok
HER (MRER) LREHEEHZOLDIZLIO, ¥ 5
BLIDSSOMEREE (SRER) sfro 12
HREROESIE, Li/Na £ v, 00~120
#WEE A LS5 LING, 280 $H8KISEmMLA.
Li/Na €l 1.2, LINO, ¥t ¥ FERD 2.5%
WL LN T 5.

4BEErt, Table IR & ) KIRER~OF
BADI-X) LEEB~OEER (B ¥V -X)
DIBHEOERLT-7. AP~ ALBHHEH
DEBVEFEGDEOHTHS, 9, FICHEEH
% 110°C T 24 BERSCIR L, BHRICANLCHENRE
O LINO, K& hic 3 BMBIHR L. REtHRE 3 &
Bk, +H4E8BMEORE LW FREBRDER
BESWTRALLLOTHS. Dk, LINO, K&
WEROEE, 4 BEOEAFERET, 612

Table 1. Expansion tests of mortars.

{a} Tests of mortars adding LiNQ,.

Curing method

Li/Na mole ratio

Storage in a fog box maintained at 40°C and
about 100% R.H.

00, 0.2, 03, 04, 05, 06, 09,
and 1.2

Immersion in 1IN NaCl solution at 20°C or 40°C
after storing in a fog box for 4 weeks

Iramersion in 1IN NaOH solution at 20°C after
storing in a fog box for 4 weeks

0.0, 0.2, 0.3, 04, 05, 0.5, 08,
1.0, and 1.2

(b} Tests of mortars using reactive sand particles impregnated with LiNO, solution,

Contents

Series Curing method
Storage in a fog box maintained at 40°C and
about 100% R. H.
A Immersion in 1N NaCl solution at 40°C after

storing in a fog box for 4 weeks

Oven-dried sand particles are immersed in 0.0,
15, 3.0, 5.0, 7.5, 10, 15, and 25% LiNO, solu-
tions for 3 hours

storing in a fog box for 4 weeks

Immersion in 1M NaOH solution at 20°C after

about 100% R.H.

Stotage in a fog box maintained at 40°C and

Air-dried sand particles are impregnated with

B Emmersion in 1N NaCl solution at 40°C after

storing in a fog box for 4 weeks

00, 15, 30, 50, 75, 10, 15, and 25% LiINO,
solutions cotresponding to the amount of wa-
ter which they are capable of absorbmg

storing in a fog box for 4 weeks

Immersion in 1IN NaOH selution at 20'C after

further
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110°C T 24 BM4pEER 21772, B2 Y- X%, &
BB LiINO, nfEHRORELTBEL
1o DThHAH FICHEH e RKEkEL L, BHOH
AR LT AREDRED LINO, KBl € iR
MULT—5 MDD 3T ZOBEKTOERE
R COBRKEL L, 1EBMBEO%R, BEEE
sus{ER L7, 4B, B2 —XDEE 5% LINO,;
KiBEDERIE, LINO, ¥4~ FERD 0.89% £
BLAEZEICHST S,

2-1-4 T4hHE Table LizHR¥ L9, FHF
FECiE, BZgEsE, NaCl ABERHBLEB LU

NaOH KSR e 0 3 BoRELFZRALL.

BEREIZBWTI, BE40C, BE®S % DLED
TEAPIIHRELTEE L /2. NaCl 8 LT NaOH
RIGTEEEEEE, EHLT LI VMBS T 4 8H
Bl L7k, 20°C & 40°C @ IN-NaCl Kig#s
B L U720°C @ IN-NaOH Kigfihic@ik L -6 0T
H5DH., BEIICELTIE, NaCl B LU NaOH KiFiK
OEHHFRET AEREFROSEUEL 2L IR
ML ThiZkoT, EEYETS® NaCl 8L U
NaOH KB OEEOE(LITBRTELIREL Lo
Falt

2.2 FHAEERER

LiNO, ®E~ OB+ BH 75 /- 01, LINO:
BIEMLAEL Y LB LFLINO: 5B LLEHE
HWhELy LOESE & UGEMERBR T /2.
AL A ML, BREMEARBICHW O LRE
DETRHIYENL LS FEAX MCHD., FHEL
T, HIE 2,51, Sk 2.14%, AENIRAKE 1.50% B
T Ui 204 ORNBFRINENS 2ER L.
ENLFLOBREE, HELTEAYM1, K05 &
dEb 2.25 & L7

LiNO, &+ 2154 (FRFEE) T, LINO,
DEMESERME LAY FERD0.83, 167, B
F2.50% fmo 4 e L, HMBEKEBELUE
B L7 &imE 250% i3, Table I Iz BRI
(PIREE) O Li/Na EAE120ENELEFRLTH
5. LiNO, ¥ BHMIZEBTHIEE (ARER) TH,
KEREONFIZHBE, 75 1S BLU25% D
LiNO, AE# 0z, T4 (L, ERRETI
BB OR ELFVOESICER LA, LING:
KBEWOERRE, TNCIE (RERE) 0ORED
1.6% & L17-.

EHid X USRS DT L, $10X20 cm 44t

HEFEAL, JIS A 1108 3 X 15 JIS A 1113 128

Lz B, 188074 8ELA
3 BREBIUEER
3-1 LiNO, OEMC & 2RISR
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LiNO: DiFEME MM & & b IZE N5 L OBRREHN
K& CHLT B I EMbe B, Li/Na® L 0.3
26 0.6 1HINTHIEICL Y, BWERERDSIYE
M B, ZOMOBEFMEEHHETIE% V. LiNO,
DEMIC & BBRIEIE S 5 & IR HRE L7tk
B Fig. 2(2R¥. @ XY, LINO, DiMEHME L
BTo4 L ETHNE, BEE TSI AT Lith
#5. Li/Na €K 044, LiNO, %t P ER
D 0.83% mMLA-Z LICHHLT 5.

0.25F

Li/Na mole ratio

0.20

-
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S
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N
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~
2
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0,00l
- ‘05 1 I 1 g I 1
0 s, 1 2 3 4 5 6
Time{Month)
Fig. 1. Expansion of mortars adding LiNO,
stored in a fog box at 40°C.
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Li/Na mole ratio

1.00F —e—0 (Toyoura standard sand)
—0o—0 —5—(0 8
0.80- —a—(72 ——]
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0.60F 904
——0 5
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(]

o o
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o

Expansion ()

00T 2 3 4 5 6 7
Time{Month)

Fig. 3. Expansion of mortars adding LiNO.
immersed in 1IN NaCl solution at 40°C.
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LiNO. MO BEIIHETIE 2w, FOEREN
TOREREOAL 40°C L LIS SORRELHS
OEEE Fig 3ICRT. BEBEOLRIZL-T,
LiNO: EBMOHETIL, METHATBLIL 10
% EVIEHTREVEELET LI LAbh 5,
KRRt Li/Na A komic L - T8Ik L,
Li/Na BN 04 BLECRESEFETS S L iw,
Fig. 413, EA & MR EE IN-NaOH KiFi il
LB AOEERREEHSOMBERTIOTHS.
LiNO: ERIMOBA T, ¥4 748 T0.22% B
Li#Na mole ratio

——

020k g {Toyoura standard sand) .
et (1.2
—e— (.3
| —0— 0.4
—=— 0.5
—a— 086
Bl 4 1.
| ——1

0.15

0.10

Expansion {¥)

0.05

0,00/

i—vlmmersiun iriIN NaOH solution
il

i ] 1 1 I

0 1 2 3 4 5 6
Time (Month)

-0.05

1

Fig. 4. Expansion of mortars adding LiNO;
immersed in LN NaOH solution at 20°C,
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LINO, D#iE L EL ¥ LdiZfmT s &2 L b,
7H B RIGS & B E IV 7 L OBEROHIE AT
ThirILERTONTHAH. LINO, xAVEWE
METHRTHIS% EVWIBDTREVWERYET
3 NaCl B2t ) - ZXioBwvwT b, LirNa ik 04
fREED LINO, DMAEEE IZIITESMHEIT S
& HBLRIEN,

3.9 LiNO, DEMAOERICL IEBNEITHR
Fig. 5, 6 L U7 (1P RBEO S EHCHTE
DBED LINO, KERTERLABE (AL -X)
DENI NOBER - HSOEBEERT. Fig.5 80,
BEHE LT ST, ¥4 7 7 AT LINO,
SBENIALNF01% BEOBEFETLIRET, B
ERELTLLKEL AW EFbAs. BE 25%
BLU15% @ LINO, KEMEESHELILHBEOEN
FAiE, M4 1A AR T LINO: B8R
DEELYREVEERRET S, CORREHI,
BHIETOERICLABRBHEELY, BEOHY
LiNO, KB N ERBEOFEERIC L > THEHERIC
BT A REEITCE, CORENKSERNTSC
il o TETAMEMZBRICELZbDEEZLR
H. BE3 % BEOL LABMED LINO, KEMD
SRPPREMICEIREZIH T A, IN-NaCl KiFiZ

Concentration of LiNQ2 solution (3£)

—0—0 —tr—15
—e—15 25
olof —=—3
—a—75
—8—10
g Q.05
2
[
3
Lek

000k

— Tl ] 1 1 1 1 i
0123 4 5 6 7
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Fig. 5. Expansion of mortars using processed
reactive sand particles stored in a fog box
at 40°C (A series).
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Concentration of LiNO, solution (¥}
" —e—0 (Toyoura standard sand)

1.09

Expansion ()

Time (Month}

Fig. 6. Expansion of mortars using processed
reactive sand particles immersed in 1N
NaCl solution at 40°C (A series).

Concentration of LiNO2 solution (£)

——15
—&—25

wnnG— 3
0.20"' _.""“‘"1.5
—g-—73
——5
—8-75

0.15- 10

txpansion ()

b4
o
m

- O. 050 1 ] 1 1 1 L
Time (Month)

Fig. 7. Expansion of mortars using processed
reactive sand particles immersed in IN
NaOH solution at 20°C (A series).

Bii+ask, Fig 6127V L5142, LINO, BT
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-NaOH AEHEIBHT A L, LINO, EEROENLY
VORREISRIRAEOBINE L b ICERMIEML,
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DEWRI L > TET HEHMEED LiNO; 12 & B
BT LA ) BRI L B BRI S TEMT
HEIEFRTLDTHS, OERIELTAHY
EHREMAO LRI LA > b= 2 b
BATAIEIL s THWORLDHZZ LT FHIZE
BILILIZE-THHHTED E VI ELVWERA
HEOTEREEOLRTLOTSH S,

Fig. 8, 9 $ & 0° 10 (CRELIKAED RSt B # o e
REL LD EIFEFENRE LBED LINO, KiEiK %
ERLAES BLY—X) ODELYLOBRIERL
HEOBEETRY. BEREIFTRBAOELI L
DEREICE LTIk (Fig. 8), B 75% 6 15%
@D LINO, KBEHROSEIERET{RET S & 5 Z{EH
+5. 8642, iBE 1.5% BLU5 % @ LINO, K&
WOEREBRYDTIPICRETHLEITHE. LD
L, 8 25% o LiNO, KEHOSBRBEL AR
I 5. BEE 25% @ LINO, KEROEIE L,
LiNO, ¥t » FEED 0.89% FHLAIZ EICHEY
L, Li/Na TN tif 043 L4 b, Fig. 9IZRT L9
i, IN-NaCl KiEficBH LBeT’, S8H0
REOMME L bIZ, $4bb5 LINO, DEREOH
ME & bIEERIES MBS ERETL, BE
25% DEHIE LINO, BERENF MICRONBED
TREVWEELIFIZQLWHT A LHTE S,

Concentration of LiINO: solution (4}
0.30; —e—0 (Toyoura standard sand)

._0_0
02sf o3>
—o5—5
75
020 —=—10
_’\‘: 1§
= —a—25
o 0.15-
@
e
24
2 0.10F
13]

0.05

0.00%

—0.05 L 1 3 ] t '
0 3
Time (Month)

Fig. 8. Expansion of mortars using processed
reactive sand particles stored in a fog box
at 40°C (B series).
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Expansion (¥)
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E-Y
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" p—Immersion in IN NaCl solution
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Timea (Month)

Fig. 9. Expansion of mortars using processed

reactive sand particles immersed in 1N
NaCl solution at 40°C (B series).

IN-NaOH AEFHICHE LB TH (Fig
10), SEHEOBREOMME & IIHERRRI TS
EEERT. Lo, BES% OFRIBVTLH
5754BAT02% BEOBERLEL, _OBED
LiNQ, & (2 > FEE® 0.89%) Tk, IN
-NaOH K Ef BRI FEL SR T TET LR
PELIIIEIT AL L RERTHH I LAHD D, B
En#EEIL, LINO; 2 AEBICERLTAVAEE
ik, LINO: DEBREOLFI L ELCLREELEND

1380 i, dbJIBEE, i

Congentration of LiNO, solution{)

" —a—0 (Toyourastandardsand)
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..._D_s
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Expansion{¥)
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o /}f S-g—D o & @ &
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Fig. 10. Expansion of mortars using processed

reactive sand particles immersed in 1IN
NaOH solution at 20°C (B series).

Bis & o THERIRIRICKEVWERDET LI L
2RTLOTHE. HHEH{ET T, LINO, DfER
RIS VO ETTA T ALERTAI LB Y,
EELTETS.

E33TH% <, LINO, DEBEOERIZEL T,
—@izBohs LINC, RO~ A + AT HEEICH
Bt aZ EPLETHE JOEOTBE S OHRI
i3, LINO, 2k a7 7 ) EHERONTHER v

Table I. Compressive and splitting tensile strengths of mortars using LINO,.
{a} Mortars adding LiNQ.. :

Age Amount of LiNO, added* Compressive strength Splitting tensile strength
{days) (%) kgf/cm?) (kegf/em)
- 0.0 289 (100} 30.6 (100
7 0.83 215 ( 95 32.5 (108)
1.67 257 { 92 30.2 ( 99)
2.50 251 { 90) 31.6 (103)
0.00 398 (100) 41,3 (100)
28 0.83 378 ( 55) 36.3 ( 88)
1.67 365 { 92) 37.3 L 90)
2.50 368 { 92) 36.7 ( 89)

* ; Percentage by weight of cement:

{b) Mortars using sand particles impregnated with LiNO, solution.

Age Concentration of LiNO, Compressive strength Splitting tensile strength
(days} solution (%) kgf/cm? (kgf/cm?)
0.0 238 (1000 28.7 (100)
7 7.5 266 (108) 28.0 ( 98)
15.0 288 (121) 32,0 (111}
5.0 310 (130} 30.8 (107}
0.9 401 (1003 41,1 (100)
28 7.5 412 (103} 40.1 ¢ 98)
15.0 407 (102) 39.7 { 9N
5.0 397 (89 41.3 {100

S

S

S T e

S

S
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%42 LINO, XK+ R LB LHVWLIELVI L
DEHDS L UBRIME 2R Y. LINO: T@lML A%
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$FEL, EHEEETIIRKR 10%, FRBETIIRX
12% OELSEET S, LINO, KBEREERLISE
(&HBER)TiX, #1497 TLINO. OFRPFENS
NOEMB L UTIRBREYKECTH L FIERL,
MEF 5% BILOEIEE 30% BEOEMMEORINE
&5, LAL, MEBE TR, EHb L USIRMEE
LI ERBILIAREVEEEIRAE Dk,

i & B

LT, RECFETA7 LN IRICEEZET
vy — FRBHERAVEELS LOBERE
7V, LINO, mBEEMGERE TR L L.

LiNO; 2 L/28& Ti&, LINO: # Li/Na €
MET 04 BERWD L, BLEES LU IN-NaCl

ARETREERE TET AR BT TE 2.

Li/Na ®L % 0.8 123 5 &, IN-NaOQH KiEF#IZ

BiltE W) FHEEL LB CETIBRIAGHFTE 2.

LiNO, K& ¢ K EOBIC AR LGS
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