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

by

Kazunori Era*, Takafumi Mmara ™", 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 corm-
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| Modulus of| .. . ey A antity of | Actual injection
arength | clastcity | "eCtng | deviation | L6454 Lgubz;lg hole|  period
period sd

(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 6400 31 25 72 1.06 % 10? 9.63
Wall No.3 16.6 7081 93 60 192 1.13x10? 244
Wall No.4 18.4 5799 38 29 85 1.13x 107 10.8
Wall No.5 23.4 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.7 346 18 695 317 158 578 1.13%x10? 73.4
Wall No.8 28.7 19 294 279 137 505 1.13x 107 64.1
Pier 244 10 816 85 55 176 1.94 % 10? 5.04
Abutment 17.7 9318 93 94 248 493x10° 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.
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Fig. 3 Pressurized injection outline figure. (Concrete Fig. 5 Relationship between parameter k. and modulus
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Table 2 Calculation result of parameter k.
: Quantity of | Quantity of | Average | .. T
C"'“"‘“f‘"" M"d“'elasﬁ:ify"f LiNO,per | LINO, per | concrete ':;‘:“hff; '“:“m“‘”“m Paratnckrk o
injection hour thickness P
N/mm?) | (N/mm’) (m’*) (m’hour) | L@m) | D(m) | P(MPa) | (m/hour)
Wall No.1 25.6 9176 1.06x10% | 1.55x%10° 3.66%107
Wall No.2 16.2 6 400 1.06x10* | 1.48x 10" 3.50%10°
Wall No.3 16.6 7081 1.13x10% | 5.87%10° 1.38x10°
Wall No.4 18.4 5799 1.13x10° | 1.32x10* 07 3.11x10°
Wall No.5 23.4 11231 1.13x 10 | 2.05% 107 ’ 034 s 4.83%107
Wall No.6 322 17563 | 1.13x10* | 1.67x10° : 3 3.94x 107
Wall No.7 34.6 128695 | 1.13x10% | 1.95%x10° 4.59% 107
Wall No.8 28.7 19294 | 1.13%x10% | 2.23%10° 5.26%107
Pier 24.4 10816 | 1.94%x10* | 1.10% 10" 1.8 1.23x%10°
Abutment 17.7 9818 493%10° | 1.98x10°| 0.6 5.27%107
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Table 3 Calculation result of design injection period.

Compressive| Modulus of| o Of [ Average [ oo |parameter ko | %8 | parameter ko | S8R
strength | elasticity | . 2Pcr | MUECHng | g cessd| fompe [ UEHOR | pompe | inection
injection | period period (f'c) period (Ec)
N/mm?) | (N/mm?®) (m®) (hour) | (hour) (m/hour) t(hour) (m/hour) t(hour)
Wall No.1 25.6 9176 1.06x10% | 338 685 7.13x 107 351 1.20%10° 209
Wall No.2 16.2 6 400 1.06% 107 31 72 1.65%10° 152 | 1.58x10% 158 .
Wall No.3 16.6 7081 1.13x 107 93 192 1.59% 10 167 1.48 % 10° 180
Wall No.4 18.4 5799 | 1.13x10% | 38 85 136X 10°° 196 | 168x10° | 158
Wall No.5 23.4 11231 1.13x 107 320 549 8.68x 107 306 9.76 X107 272
Wall No.6 32.2 17563 | L.13x10* | 420 673 3.96x 107 670 5.18x 107 512
Wall No.7 34.6 18695 | 1.13x10? 317 578 3.20x 107 830:0 | 463x107 574
WallNo8 [ 287 19294 | 1.13x10* | 279 505 | 541x107 | 490 | 436x107 | 609
Pier 24.4 10816 | 1.94%10? 85 176 7.94x 107 273 | 1.02x10° 213
Abutment 17.7 9818 | 4.93x10° 93 248 1.44%10° 91 1.12%10° 116

— 170 —



UFIAAT YPREATIZES T U &) AR HEIZ 2T 997

HTHD, A CERl RO UER P REE 7 ILH
Wi L TWARin s e hi. ZO RCEHEEIZH L,
) I L4 G VREEATLID & A Hlifs T8 2 92hE U 7=,

32 EREDIEARE CEARH

HEAT ARG Y F 7 a8, 70 ) R G S
o EICLi/Na BRI 10 L 55RE L, 23.5kg/m?
LED T, TR SR B R & e X
hBaY ) — FOFERHBED 1/3 L0 SRS L,
0.5 ~ 0.7MPa &§%7E L7z, HEAJLEEE 20mm, HEAFLRA
[ ) 77 A0RESHEETE 5 500mm &L, T
BARIZHIE L7, RC HEBED 17830 (7.0m%) (2861 3E
ATLEE 31 fLE o 7=, BEREOFEERHE I 330mm T
bot. THEDIEAR, FEAENOREW L FEEERE,
HEREOREE LD, N, @, OBLT (D) =
FICTRERTEA R S 3 2 & | R 2 & Hee &
B RAHEANRRE L 71 B, R REO S HEE X h
BAREHEARRZ 60 M & o7, FhICHL, EE
ORELTHEAMTE L2 EEARERMIL 56 M Tho72. %
FHEE DT Y 2 ) — EERERREOKT X 0 & AR
O T ABRU AT =720, BENEARM O E
IZBWTE, EEGRED 6 5l LiniE ) BPEEA
A Z OB EHEETETW R DLEEIONS,

3-8 ASR FRINEIZIE

VFohl A YAMEALOELZHMIE, TLh
) AL NAIERERIL S5 2 212X D ASR AR A3
5ZLTh3b, FIT, FLEEIZLD ASR EEEINHILR
AERIICHRAEYT 5 2012, TREE Y 77 ADEARIE
THR L322 ) — 37 (¢100mm, L= 250mm) {2k}
UIRHENARARBR & FEhi L 7=, EARTO 2 7 IXEABHO
14 HENZ, BEABROITIZEFEASETO 7 BHICHRN L.
a7 OIFHULE B D A 5 EAILORSE L, EATLS
5 250mm MR fiE & L7, (RERIERER S JCI-DD2
[FIANEMEIREECETY 2 ) — MEEHO T 7
ik aREORIEFE (%)) (I2HRL, 40°C,
RH95% OBHE TIC Tl -7z, 2 7OEEHER, BE
20°C, FEXHREE 95% DM T T 2 IR OREHER A& 1T
VW, ZOBOREROY A& HIE L THRBOERSRE L.
ZO%, W 40°C, HRREEE 95% D&M T T 13 @0
(RAEREE 21TV, ZOMOBRO$AFHE L CHRAE
HEEEL /=,

IR R A, Fig. 6(2av3, MsE) 74
FEARNERALL 7= 2 7 O E 13 MM %RIC BT 54
AR 1L 0.081% 7R L7z, FHUSi L, FEABICHEIL
723 7 OLNEREEIZ 0.018% TH D, FAROMIZLRT
V2% CFTCEBME A TWRZ ENTN D, BIFEE
THE S 5 &, FEARTZ 0.052%, HEAZIZ0.014% T
D, HEARNCHART 26.9% 12 CIEKE AT 27,
P flizaR =R TR 5 &, HEARTIE 0.029%, FAZIL
0.004% TH O, FARNZHAT 13.8% I2F TEME T
Wik [av 20— O AER Rl ] s T
i, 40°C, RH95% DB T ¢ 13 MMEE L L EDE
AR R A% 0.05% LI L &R T 2 D& AH 3N EE

0.1

0.081
"

0.075
g
B —o— Before injection
‘B 0.05 | N (RIS
a —a&— Afier injection
] 0.02

0.025 - —oord

0.00
D c Fiss L A a leay bl
0 20 40 60 80 100 120
Time(days)

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

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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