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 SUMMARY >

The purpose of this research is to develop the technology which mitigates

Purpose & . . . . : . .
Contents blogeh|c oorr08|on'occurr|qg in underground concrete structures using a repair
material based calcium aluminate cement.
1. Qualitative results
- To develop the basic technology to improve resistance against biogenic
corrosion in concrete
Resul ts - To develop repair materials to minimize ghemycal reaction | _ |
- To develop the basic technology for application of the repair materials in the
field.
2. Quantitative results
- Research papers: 1, Proceedings: 9, Patents: 1, Field applications: 1
- It is easy to obtain a basic technology through the development of
eco—friendly repair materials.
- It is possible to establish standards or codes related with concrete
structures under biogenic corrosion.
Expected

Contribution

- Technologies of repair materials are able to apply to new industries such as
an inventory concrete materials and a repair materials.

- The development of high-durable repair materials is able to guarantee a long
serviced |ife of underground concrete structures and to reduce the maintenance
cost.

Keywords

Biogenic Aluminate Repair

. . Service life
corrosion cement materials

Concrete
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Compressive strength (MPa)

Water-cement ratio (%a)
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(2) Ca(OH).2| 24
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== T. Novellus
m=T. tioparus

T. Neapolitanus
—T. Intermedius

#5:T Thiooxidans

Bacterial activity

Inereasing
ﬁ acidi‘ty
9 8 7 6 5 4 3 2 1 pH

12 210 pHoj 2 gk 2|ote &5

pH 40[|5t2] ZitofM= L F0
2|7 Ij20f OPCol A2 23
HiZF B2 200ge| LZ0O|Lt O

Lt Z(Alumina gel)O| 20|21t B30 L2 0|Lt 0|20 Z df
3lE 12[E{2 5q %

g O] A3+ O|2LC{H| CACe| A2+ O|EC}t 20

|2S d-gAZICH

Al(OH)s + 6H+ 2Al3+ + 6H,0 (2.12)

ER0ILE A|HEE

g =1 Ok=2 O/=2 AFEIDMUS

Concrete pipe Hand book)0f 2|8t UZZ|E= Z3SX| L

(Nc, Neutralization Capacity)2} H]
ot =882 €Zedw0| s SATIE 580l Y28z ER0L; A|HMEE M Ui=tst
Meds 2Rt s 20 ofH et 8L Mol s=& J=AZE + A= 582 7HX1
oIC}

AA .

N. o, (2.13)

4 7| A, A: Alkalinity, Nc: Neutralization Capacity

(5) 4ol thet Bols dd

LR0[L} A|MEE OPCet= T L
EtECE OPCIF &HAHO| 2fs

o HAS

O|7} £/ O|2 QIO TAtQl HhAl

_L

EH NS E My ch2d L
ER|7} o8 o|2M DHE 2 AFA
Hl IHFOI 2o 2 oo ArElof

2ot AT AlOH)s7t @2 E=tof| et &of

Mot Zo| &ojLt Z(Alumina gel)O|
ore &
1=

S GAA QFo| FES SA0 A[HE
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2 =20|L} Z(Alumina gel)

ZA = ¥ =59
S & H+H0l 22
gr=0l 2ol =4 2Ht
E=PRs

a2 212 pHO| 2 220|Lt £3129|
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313 MSH3l olgA

Slaetr RRSo| SfetH AAl HEE 2487 Bto] SN U ARSI KHS 23
2|E A|EE SEM(Scanning Electron Microscope)S 0|83l O/MFERE ZAISI EDS(Energy
Dispersive X-ray Spectrometer) 242 Sl =2 2922 245IULt
O 328 EH AHE HEEA xX ARF0| S2L|BHAM el 20| YHEUSS & =
QUCh Of2{st AN ZAMES gypsumit WA ettringiteQ O WCHEICH 0| HE20| CHg) EDS
A A1} calcium, sulfur, aluminate, oxideZ} ZX|st1 Q= Z{Q=Z LIEILICE Ol 2382
[}

&}
TEZ0| U0 Lz5E0f F3ZE L2 Ca(OH 25& S d8E HE gypsumO|H

0|243t gypsum CIA| A|HE M2 F aluminate?t BHSSHA |0 WA ettringiteZ7t M= A
o MAXEOoZ OISt MME gypsum Bl ettringite= 23 Z|E ZZI0| CH

Al
o7 232|EQ dsXotE ZelotA =Lt

e N PN
” S : : = A N .

AccV  Spot Magn Det WD ———1 50um AccV Spoi Magn Det WD 10 |_|m

200 kV 3.0 1000x SE 105 DAEJIN UNIVERSITY B t”OOkVZ%O oOOOX SE 105 DAEJIN UNIVERSITY

SEM &44(x1000) SEM —E—EI'(XSOOO)

D:EDAX data'rc\0T011506.spe 16-Jan-2007 15:36:54
07011506 LSecs: 100

210+ Ca

216
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EDS 24

8 330Me= AHE BESA AO|Z 7|5de 280 232 HYZY0| EXst

% = QIC EDS oA Ct2ko| calcium, sulfur, silicon 3 oxideZt T |0 210 gypsum
C-S-He} BI23l0] 2Z23Z|EQ MEXNSIE Q{ESt= thaumasite7}] MME|QS Z{OZ LICHE|
b O|2{3t thaumasitel ZAHO| HAIZZO| O3t HOE A|HE 390 C-S-HE HHECR
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AccV Spot Magn Det WD F——— 50um AccV Spot Magn Det WD b——mm
200kV 30 1000x SE 106 DAEJIN UNIVERSITY 200kV 30 3000x SE 106 DAEJIN UNIVERSITY

SEM & (x1000) SEM Z44(x3000)
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Ll o bl Aoy J‘III T
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13 33 B4 PEE HHE 24Q)
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k=] x
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gAccV  Spot Magn
20.0 kY 3.0 500x

Det WD —1 1
SE 9.7 DAEJIN UNIVERSITY

SEM

AccV Spot Magn
20.0 kV 3.0 2000x

‘;\; {
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Det WD
SE 108 DAEJIN UNIV
Ll

SEM E.A4(x2000) ‘ SEM £44(x10000)
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v X T -
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A Yo e
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S e | SN g
pot Magn Det WD 20 um
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PERRY i > ST y
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: - BN B
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=

0] 9 R

719 AWE FElotH oA A FREQ BF W0 o wMEl= g o ZoprrATt
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S2|E0| HHHNT mEo| RHUM U LS OFY|AIZID U0l BAFHA U MY HY
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32 BTl 45EIE Qg AU
321 M EME
1) 2=

= gF0M= UM diEEs ES
g

2 ArEotRlel, sietdE ® =28 4F
Lt S2t0[0f4{(FA) 81 L2S2|A0[ZH(SC)E 2L M2 ALESHACE

E 31 OPCO| sjefiE 2 238 A3

SiO2 Al,O3 Fe20s CaO MgO SOs3 L.OI SSA Density
(%) (%) (%) (%) (%) (%) (%) (cm?/g) (g/cm’)
21.7 57 3.2 63.1 2.8 2.2 13 3280 3.15

H 32 HACS| 3tetd&

A|203 Cao SiOZ Fe203+FeO MgO Ti02
(%) (%) (%) (%) (%) (%)
Q2| 37.5-41.5 36.5-39.5 25-5.0 14.0-18.0 - -
SHAH 2| >37.0 <41.0 <6.0 <185 <15 <4.0
2 =X
D2Et2 KZEE TBIS 63 FAHSIO2 1 95%, LE: 262 g/cm))E ASSIIOD, HigEs
d SE22 ASSIUCL B B2IN YES Ofg E 331 2t

H = 3 7], mm S8 % 2=

2.62 <0.67 0.91 As
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Sand (g)
2400
2400
2400
2400
2400
2400
2400
2400
2400
2400

SG (9)
800
800

FA (9)
320
320

St
=1

HAC (g)
320
640
960
1280
1600
1280
800

35 ZEEIZ9| HY

H

OPC (g)
1600
1280
960
640
320
1280
800

W (9
160
160
160
160
160
160
160
160
160
160

Mixtures
HOO
H20
H40
H60
H80
H100
OFA
OSG
HFA
HSG

Kd

<r

Ka

SHALE.
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323 Mudr

(1) 222 (flow test)

KS L 51050] =380 A|HE ZZEIZO| E2Q S FHIIUCH

(2) &=L E (compressive strength)
o

=]
TS0 Fde 50 mm RE Z2E2 SAMO MFE Y=L EE KS L 51050 2510 FF5}

(3) &AL (bond strength)
A=ZE7} 2 50MPa?l Z3Z|EZ 600x600x100mm¢?Ql HIEIZAZ|E AI™NE NEst & H
L=

2 DEEEE Smm FHE TESIY AH 2820 40x40mm A 7|9 O{H|X|HE (attachment)S
212t 374 RESI0 Ol B2 BAZEE SiRien, 18 3100 A™HWQE LIEFLHRUCE
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A A o
A B Attachment
cutting
I BEg mEH
= | £ 5mm
d DO@ OOVOQ ﬁ@ Qo OO
°y T ) = = /)
NS IERER ORI 13;$ 0 O@ 100mm
o N o -
2l 310 BE&ZE AI™
(4) 2 (density)
2 AF0A e AHEE2 ASTM C 642(Density, Absorption, and Voids in Hardened Concrete)

of =510 ZAISHRUCL

(5) FE-SEM (Field Emission Scanning Electron Microscopy)
AHE REEt20| RAJAXE ZHESHI| 5H0 TAYALSE FATXAIGAO|Z(FE-SEM)E ALESHRA
Ct. SEM EM&E 2|5l0] SEM holderdf 2ot2 37|22 AR5 HiEA|ZOO, OiEt & AR E silver

pasteE O|&5t0] holderdf| £AAIZI = CHA| AZRAIZICE O [, AZXE silver paste] AXS

HJ

MoZ SIQICt OrX|ato = PtE 0|238}0] A|2E coating 3+ & FE-SEM(S-4800 + EDS, Japan)2
0|88 TESIACE BMETAHLS £320| 0|0|K| BHEA| 7S QF 10KV, WD(Working Distance)

8mmOj A ZESICH, =24 (EDS) BEAl 7rEHEY 15kV, WD 15mmojAf +A#3tIct O 8

3112 MAHALE FAFSO|ZS LIEFH Zio|Ch.

02 311 MAWARY FARASO0IZE (FE-SEM)
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(6) ZEEt=2O| Liztetd

7tot7| floto ol 2

jvE |
o

2 gotoz

C
| SHF0A HAl
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ot

i1=Ne¢]
S —

ALSESLCE Al-Amoudi et al.(1994)
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oju

Vi S 9SSt 3EE EItolRint
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|
|
|
|
|
|
|
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o #0| Felotct #OM E= Zat 20 HACS| &
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2
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2o uge
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7] WZof Mzt

32. LROILL AHEA 24X &5

M OPCet fAreh Zit

_

321 Y20|Lt Al
o

5

=N

StX XIA
== o=

142

1.04
0.70
057
057
0.53

(N/mm?)

I

3
al
0.83
1.10
0.68
0.48

284

513
7.86
744
519

(N/mm?)

6.67
597
562
569

548

149

o

ol
428
449
4,84
421
449

289

20.04
24.08
18.76
17.15

2 (N/mm)
142
2642
1994
1941
1422
2258
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