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Controll of Alkali-Silica Expantion by Lithium Ion Pressurized Injection Method

Kazunori Era*, Takafumi Mixara **, Shigeyuki Oxapa™* and Toyoaki Mivacawa ™"

Recently, lithium ion pressurized injection method has been spotlighted as the repair method of concrete struc-
ture which deteriorated by ASR. In applying this method to established structures, it is important to set up suitable
pressure and suitable period according to the degradation grade of concrete. Then, it considered that the fall of com-
pressive strength or modulus of elasticity was the degradation grade of concrete, and authors proposed the calcula-
tion formula which presumes a injection period from compressive strength or modulus of elasticity. This method was
applied to the retaining wall. After applying this method to the retaining wall , the concrete core was extracted and
the promotion expansion examination was carried out. Consequently, it was shown by injecting in lithium ion in suit-
able pressure and a suitable period that the effect which controls expansion is expectable.
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Table 1 Injection period by lithium ion pressurized injection method.

Average

Standard

Compressive Modu.lu.s of]| injecting | deviation Average Qqantity of |Actual il.ljection
strength clasticity period sd + 1.6458d| LiNO, per hole period
N/mm®) | (N/mm?) | (hour) | (hour) | (hour) (m) (hour/m/Litter)

Wall No.1 25.6 9176 338 211 685 1.06 X 10% 92.0

Wall No.2 16.2 6 400 31 25 72 1.06 X 10? 9.63

Wall No.3 16.6 7081 93 60 192 1.13x 10? 244

Wall No.4 18.4 5799 38 29 85 1.13x 10? 10.8

Wall No.5 234 11231 320 139 549 1.13 % 10? 69.7

Wall No.6 322 17 563 420 154 673 1.13 % 10? 85.5

Wall No.7 34.6 18 695 317 158 578 1.13%10% 734

Wall No.8 28.7 19294 279 137 505 1.13 X 10 64.1

Pier 24.4 10 816 85 55 176 1.94X 107 5.04
Abutment 17.7 9818 93 94 248 4.93%x10° 39.9
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Fig. 1 Relation between compressive strength and
injection period.
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Fig. 2 Relation between modulus of elasticity and
injection period.

BERS b 72 D DIEAR %KD BB, ke - TAEER) 72 &
DEADLRFTXIZBT B85 =4, h(fD), h(E) ke
%K BBK, fo, E. CASRIZEDHILLAZaY 2 —
bOBIRE OIEIE (EAETREE, BFHMEERE) TH 5.

INETORLEDHLIZH Y AEAGHORERL 5 |
AR Y 7 A % ARG LT 15 5~ 30 %8 L 729
121, BB 72 D DIEARIJIEIET—E & 7 B (EHE & TR
LTW5, §Thbb, HEERY 57 AD0FEACENTE
BMAEE, EREOEEL > TS EHET3Z &
TEA, ZIT, R FULOKE DD DEAE
q \FHF OBARRH T AREIEE LS EIZL S HWLNT
WA EHBETRTENOR AW TERET 5 2 &2 ikadz,
X @) IFEEBRAREORE , EME L, D DEALL
IZBWC P/pg BBRT VY vy Va5 AL ED, TR
Y 79 LD H 720 DFEAR ¢ #RETHRUIBIE
L7z DTH 5.

- P 1
4= 2kl T (AL/D) @

ZZIZ, g B B2 OFEAE (md/hour), ke @ HAHER
JF I ADEAD LR XIZRE$ 5789 A—4& (m/hour),
P:BEHEAES (MPa, 72720 ERTIE 1065452
LIz D N/m? ICHAT ARE LT 5), p @ HANERY 7
v LDEE (=1 250) (kg/m®), g BIIMHEE (=9.8)



VFILAFYABEATICE S 7 ) VU 3 RIBERIZDONT

995
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(Fig. 3 &H).

ASR THIL L=V 2 ) — FHROTEMERY 2 ADiR
BAHZZHIE, BERRICOCENADRE, 2V 2 ) —
N Yy 7 ARANDETIRRE I X BHEE, BRI
NOWE L ENFERNER L TS L ch, X @
THELTWARETLL IR LT A5 L EDIS
2, BRTRRZhEFceErT b, ZET32 213
BHE TRV, LAL, BLERCBOTEERETES,
EREDFEL K> TVNBI LR, HEAD LT X2
FTBINTGRA—B by LT — 2 IZEI BB ET5Z
LT, ke ld ASR THIL Lz 2 ) — M DERBEMRD
THEEMEEAEE S 42, R @IS DEESATES
NTOBHELT — & L)L T RIS E IR L 7= &
TZODEAE q 2 EETHILENTERLEEZOND,
K @D%E R NIDOWTEXET LR G R B,

b= gt | ®

ZOR G)&HWT Table 1 DIE LT — &5 5 ko 48

ELUIAER%E Table 2127 T, Thb b DEEMREE

Component thickness ; L.

Hole depth > e
|20

inder thickness

)

Plpg == E Diameter ; D

Injection hole L

vConeré;eh
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sectional view) of elasticity.
Table 2 Calculation result of parameter .
Compressive| Modulus of] (Illuantlty of | Quantity of | Average Diameter | Injection
strength elasticity .iI.\Ioz.per LiNO, per c(?ncrete of ahole | pressure Parameter ko
injection hour thickness
N/mm®) | (N/mm?) (m® (m’/hour) | L(m) D(m) | P(MPa) | (m/hour)
Wall No.1 25.6 9176 1.06x10° | 1.55x10° 3.66%107
Wall No.2 16.2 6 400 1.06x 10° | 1.48%10™ 3.50x 10
Wall No.3 16.6 7081 | 1.13x10° | 5.87x10° | 1.38x10°°
Wall No.4 18.4 5799 1.13%x10% | 1.32x10* 07 3.11x10°
Wall No.5 23.4 11231 1.13X 10 | 2.05% 10" ' 0.34 05 4.83%x 107
Wall No.6 322 17563 | 1.13X10% | 1.67x 107 3.94% 107
Wall No.7 34.6 18695 | 1.13x10% | 1.95%10°° 4.59% 107
WallNo8 | 287 19294 | 1.13x10° | 2.23x10° | 526x107
Pier 24.4 10816 | 1.94x10* | 1.10x10*| 1.8 1.23X 10
Abutment 17.7 9818 4.93x10° | 1.98x10°| 0.6 5.27% 107
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Table 3 Calculation result of design injection period.

Compressive Modu.h{s of] %‘E%?i:rf 3;::;51; Average |Parameter k o irfi:sclt%::n Parameter k o ixfi:iltgi:: n
strength elasticity injection period +1.645S8d} from f'c period (£c) from Ec period (Ec)
N/mm?) | (N/mm?) (m®) (hour) (hour) (m/hour) t(hour) (m/hour) t(hour)
Wall No.1 25.6 9176 1.06 X 10? 338 685 7.13%x107 351 1.20Xx10° 209
Wall No.2 16.2 6400 | 1.06x10%| 31 7 165%10° | 152 | 1.58x10° | 188
Wall No.3 16.6 7 081 1.13x 107 93 192 1.59x 10° 167 1.48x 107 180
Wall No.4 18.4 5799 | 1.13x 102 38 85 1.36x10° | 196 | 1.68x10° | 158
Wall No.5 23.4 11231 1.13 X 10? 320 549 8.68x 107 306 9.76 X107
Wall No.6 322 17563 | 1.13x10 420 673 3.96x107 670 5.18%x107
Wall No.7 34.6 18 695 1.13x 10? 317 578 320x107 | 830 | 4.63x107
Wall No.8 28.7 19294 | 1.13x10? 279 505 5.41x107 490 4.36x107
Pier 24.4 10816 | 1.94X10? 85 176 794x107 | 273 | 1.02x10°
Abutment 17.7 9818 4.93%x10° 93 248 1.44X 107 91 1.12x10¢
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Fig. 6 Results of the accelerated curing test at 40
degrees Celsius, RH 95%.
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Fig. 7 Sediment observed in air bubbles before lithium injection. The left photograph is magnified 200x and

the right is magnified 5 000x
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Fig. 8 Sediment observed in air bubbles after lithium injection. The left photograph is magnified 50x and the

right is magnified 5 000x.
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