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B) H9FHIR. [REZ ASOB RILIEREE H2S &AL H2S04, XLSEGRE T EIRIA,
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House, M. Wiess, J. (2014). Review of Microbially Induced Corrosion
and Comments on Needs Related to Testing Procedures. 4th
International Conference on the Durability of Concrete Structures.
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> BEEN TR KESMEEEENIREY , EF—ELENRIR, BOLIRkRESENERSD.
> NEMREPRENBIRNERERRR, XAHE, EARNEIRERINIRRLEAS T,
> RPENE PR SR — LB ML,

HzS(g)  Test Condition ‘Congrete/Mortar Corrasion Rate Reference 40-100  Site conditions Conerete (Sil. Ag.) 912 Wells and Melchars

(ppm)  (Exposure Medium) (mm - year ") (2014b)

0150 Site conditions Concrete 2510 US EPA (1881) 0.4-367  Site conditons Concrets (OPC 1-10 Grengg ef al. (2015)

N.A. Site condifions Conerete 13 Morton ef al. (1951} (CaAfrea) + FA)

A Site conditions Concrste (OPC, GGBS 08-1.0 wan Mechelen and 250 Lab (artificial solution) Concrete (OPC or GGBS upto 57 Vincke et af, (1938)
and FA cements) Polder (1981) cement + polymer)

5400 Sile conditions Concrele 14,4347 Morl ef al. (1992) 100 Lab (sewage) Martar {(OPC) 2138 Ismail et al. (1993)

5400  Site conditions Mortar 57.32 250 Lab (artficial solution) Mortar (OPC + polymer 1643 Vincke et al. (2002)

25-300 Demonstration plant Mortar 78 or silica fume)

NA. Sila condllions Concrete 11-18 Vincke ef al. (2002) NA. Lab (0.5% HzS04) Martar (OPC + polymer up 27

4075 Full-scale experimental Concrete 75 Alexander & Fouria (2011) or silica fume)

sower (OPC + Sil Ag.) 400 Lab (sewage) Mortar 61 WMari et al, {1992)

Concrete 31 Lab (artificial solution) 38
(OPC + Cal. Ag.) Lab (distiled water) o
Concrete 19 24 Lab {sewage) Concrete (OPC) 10 AEsey el al, (2002)
(CAC + Sil. Ag.) 1525  Lab (sewage) Concrete (OPC) 14
Concrete 08 - Lab (2 M H;SO4) Concrete (OPC) ~10-57 Kawai ef al. (2005)
(CAC + Cal. Ag.) 5781

0-1000  Pilot reactors Concrete 31 Vollertsen of al. (2008) Lab {0.06 M H;50,) Mortar (OPC) ~2-20

10-50 Site conditions Mortar 4 Okabe et &f. (2007) ~16-57

10-50 Mortar 366 Satoh ef o, (2009) 50550 Lab {artficial solution) Concrete (OPG) 0.08-021 Gutiérrez-Padila et al.

50-550  Sile condilions Concrele 12 Wells of al. (2012) (2010}
Concrete 12 0-50 Lab (sewage) Concrete 0712 Jiang ot al (2015)
Concrete s Notes: 1. ‘N.A' indicates information not available identified. 2. Abbreviations: OPC - ordinary Portland cement; GGBS — ground granulated
Concrete 0665 Wells and Melchers. blast-fumace slag; FA—fly ash; CAC — calcium aluminale cement: Sil. Ag. — siliceous aggregate; Cal. Ag. — calcareous agoregale; Gy — cement
Concrete 37127 (2014a) rotalon 13 640 M0
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CAC ERFLATLUSEEE AT (BD SEFAOMI FRE).
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> WIRIFMA, EREET, WKESREZKERPERGESHERIMMEHERNTIANEERE. AT, YT
B, ERVIASERSHMEINEERES (FIME Ca0/Sio, thER), (FEEMEETASE FT—EiESMEERsEh
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Figure 9: Sections of concrete pipes exposed to septic tank effluent for 7 yvears. Notation on the pipes
(cement type according to ASTM C150): P - Type II cement with pozzolan and granite aggregates:

I - Type I cement and granite aggregates; 11 - Type I cement and granite aggregates; V - Type V , - .
cement and granite aggregates; L - Type Il cement and limestone aggregates, adapted based on [106]. a Itch Ins
since 1962
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PRI 1 I T
0 SRS, =l
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N RN RO o | i
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> —LEMECIE SR ZEEEI AR AR MICHEZBIRMNER, HAH,SH4SHAEENTI. B
B H SEACRERRIZEER.
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THXL LR R RS EE = AR,

> BEMINERERAMREEEE. TENEFEE.

> GEULEER, RITEHRIMICEEREIRERAEAR FREES], MERFE, 7.
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T2 it - R ZE WD 1R T 0 % T
—, SCIREEAERIIL - £

- To gas Table 7 Constituents of growth medium developed to support the simul
J Data acquisition — |retum growth of all four Thiobacillus species.
e e — T i i C i 'L]
¥ p|
T ——— [hs,
Signal Conditioning +— |—Process Signal | 5,0, (chemical formula)
Sensors
= = 5 NazHPO. Disodium phosphate 1.2
| Process H,S Source Moisture HPO4 phosp
|_controller | 1 | |removal | KH:POs Monopotassium 18
IH s | . [H s —  [sampling FeCly Ferric chloride 0.02
Pump
| - MnSO0y Manganese(M)sulfate 0.02
Thermo-
couple | Gas Sampling MgCl Magnesium chloride 05
Tube
| NH.Cl Ammenium chloride 1.0
Pump ‘
T Yeast Extract Yeast Extract 10
[Nutrient ‘ Heating element ) Na:5:03 Sedium thiosulfate 10.0
| Drain

ASTM C1894-2019 #EFANZ E EPurdue KFAIIM 18X

R FENRR-Purdue K5

c,'«\%“"me Ch "apg,
Y o
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18 e 1 Y ZE PR TR 4G T K% T
—, SRS - YRR,

> RS EZERENEEN TKERRATBAMEF &/,
ERRRTMIC NERAFRMLIE= N,

> 60x11x7 cmAYREE TR IBTR7E 10 EKAYKAR, SRR
FE_EEBFRSCHRANZS TR (1.8x1.8x2 cm) FITFSRAFFIEI.

> EIZERSERH,S(0) FIREZRSIFEL0£1 ppm, CIRTE
30°C #1 RH BT 95%HIEAE 1T,

> EFRFImENAE (SOB) , BIFfF&EThiobacillus, FM
RICRAIBIERSRER SR T ifm E. EREMEER GitEN5
VIZRZIRY8fE

Hamburg Simulation Chamber
BT o PRI TSNS -Hamburg
= w= Hitchins
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> BUHATXEEERRIHMSI R ER, TREL79 D
2x2x2 EREIHIAR (SRINE=PRIRELFm
H8EL) .

> BUHIBEIRIUAFEH,S(9) BUMREEHITE 10 £ 5 ppm,
IBEBIRHIE30°C, ERAIRH F998%.

> BEFERAIGHTE MR LAY,

> BUHERIEP B IRER D ETIANER 24 &

c),‘“%a?ore Ch"l’l(,’ 'I\%E$E1Ly\$§;)n\u iit- H am b u rg - -
R 4 a) Hamburg Chamber/E2!, % = -
= Hitchins
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18 e 1 Y ZE PR TR 4G T K% T
—, SRS - YRR,

Fermentor

> BT R R AR pHIE N 3 SIBE

AR, ||l
> Wi RAEFERRE (28-30°C) FIEHEAIRAL 3 zey— | i
S, SITEEETRRSNERRLSS o |
@, s, =
> SERIRERMAGEL,, BRSSO s

Organism: Thiobacillus thiooxidans

HAEEREEZ, BI3-51MBvs15F
Heidelberg #{IF8
R FENH -Heidelberg
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166 it 1 A9 ZE P = TR 4G T K% T

—, SEEERIL - eVEWRiRNE
> EAREDIHART, ENRUEET SOB TN, EIETRRERAMREBBE L ARRTIE
FH,S SHKHfER.
> AT R RS AEERATETRR, S TKIE SRSIEE SR MR R T
> BKREFREARRET DRNEF.
> ERIE TR REE, MASEERT, XETLBEEENE.
> ESREREH,S, MRnEsEEERS, EABRE.
> SRR REFRRLISET MR HERNARE, AR H,S, LIARIERICRR L ORETE.
> IR EE—MEE, FERUE Rz
> (T SE SIS AR R A I E A TAIMNER 11 71 11, BRASRApHETLURSIES M)
EABRIATSERR.
MR EAEN RS AT A SER SR AR A K.

c)“\%apore Ch, D,
S o2

A4 == Hitchins

Mh $INce 193¢
N=N = h TANN J
IEG I%ﬁ T Elg E "W 1§ IE 1:\_‘L I')lﬂ )N ﬁﬁ I)nxl.l
=, ERIZLRFInEENE
> @RYLIAMR MIC ISR T alaeRarllinsii. SEENLRE BIFNHERISLR TKE, ZRRH
REMNERS, EIHREM EAER TR TKBEDIERE.
> Mori EARIET—MMK 20 m, B2 15 cmlyse L), IRERHITE 12-30°° ZiE), H,S(g) ikE 25-300 ppm,
SRR BB R R E A EE4-8ERAY 5K,
Input of sewage
Observation window
"R’ B g g
P
C)“Q,avore Cha,,,@’ L Mo rta:—— = JJ
v\w:,/ i 20 m - @
>V == Hitchins
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B it £ AV AE Y02 48 T A Tl
—, ERTELEFIEEENN

> FAFESERIE T — MR TKE, REEN I SIRE, FHAXNLNEEEREIRT FEMNLE,

> TKIBRIECIGERSY, E72880 mm K65 m K, HARRERLT (BIARAMESHIFIER) NEERHIL.

> 1988 FERIGANZE, WE—EISNESETEEEL.,

> REE MR H,S04 3R (pH<1.00), SEHBXR H,S IREEEZIAZEI 86 ppm, EZZILE] 20 ppm, BZEH
EEIA 35°C, EHE/RAIAE 27°C,

Rising main
(from main
pump station)

Inlet manhole (IM)

By-pass
line Experimental line (VES) x ~__®Virginia &

KEY &
1:2;3,4:5 - Intermediate manholes in Rl e i
$ha eppraach section _ W= e

ke 5 T HY AE WD = SR A U K2 i

=, (ERTHBREmERE AR

> BFEYRBREWAE MKERRLEIMVEENRMT, AT IR FNRE ZRA,

> BESHELEA—ERENTIRES, AEEAMRPIEFRLINREL 24, SERERK. BREER
E. JUERRIERENTL. REEEE. BEMERESE.

> EAEHERENEESESR, TRREEKNNEA BRI NEMEIRE, CERT ImERISEERA T
EXI BRI AR IR LR HE S =M ERAIRE .

> AT, FEIENE, TIRBRENUNBELETSELIMICS RARELEIM, b, BTFR=REL, %
VIVERAEARMNER, XTI LS R IRETERNEXRES, EEEEFEIER.

> ASTM C1894-2019#E7FFHASTM C267 S THfti=mnit.
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Typical Hydrogen Peroxide Storage Tank and Feed Equipment
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Segmental Tunnel
(Primary Lining)

Inner Secondary Lining

[
+—— Inner Secondary Lining ( (MIC Resistant Concrete)

| | (MIC* Resistant Concrete) |

Waterproof Liner

HDPE Lining

= HDPE Lining
~ .
e *MIC - Microbiological Induced Corrosion - <

= Cross- section of deep tunnel Cross- section of deep tunnel segment which
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END OF PRESENTATION

THANK YOU:!

jinping@concrete.org.sg
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