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A Study on the Performance Development of Sewage Concrete
by Application of Antibiotics

Moo-Han Kim", Gyu-Yong Kim", Bae-Su Khil”, Bong-Suk Cho", and Eui-Bae Lee"*

"Dept. of Architectural Engineering, Chungnam National University, Daejeon 305-742, Korea
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ABSTRACT Recently sewage facilities mainly consisted of concrete structures are being deteriorated seriously by
biodeterioration originated from sulfur-oxidizing bacteria. In this study, to prevent biochemical corrosion of the sewer
concrete, antibiotics which prevent growth of sulfur-oxidizing bacteria were developed and antimicrobial performance of it
was investigated. After that, to consider applicability of antibiotics to concrete, physical properties of concrete covered with
antibiotics were investigated. As a results of the study, it was proved that the antimicrobial performance of antibiotics was
available. Also compressive strength and bond strength of concrete didn't closely connected with antibiotics, and resistance
to abrasion, water absorption, air permeability, carbonation, salt damage and chemical attack of concrete was improved

remarkably by covering with it.
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< Scope of this study >

ojft

v Physical properties
: compressive strength, bond strength,
amount of abrasion, water absorption
and air permeability coefficient
v Durability
: carbonation depth,
chloride ion penetration depth,
change ratio of weight
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Formation of reinforced layer
by chemical reaction

Formation of film by bridging
effect

Fixing of antimicrobial metal
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3 ¥kgo] B2 AAGo AHESIIES] HY AYE Fig. 3 Schematic of antibiotics performance
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Creation zone of H;S
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Sulfate reducing bacteria e

Fig. 2 Biochemical corrosion mechanism of sewage concrete by sulfur-oxidizing bacteria
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(b) Applying of antibiotics

(a) Non antibiotics

Photo 1 Estimation antimicrobial property of antibiotics to
Thiobacillus novellus
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Table 1 Experimental factors and levels

Applying method of antibiotics
Series Covering method Covezrrigg/canrlrzl;)unt Covzr;;gest)lmes
I Sc.”, sp.? 10 1
11 Se. 10, 20, 40 1
I Se. 10 0,123

1) Covering with scoop (refer to Photo 2(a))
2) Covering with air compressor and spray gun
(refer to Photo 2(b))

(@) Sc.

Photo 2 Covering method
32 =32 EQ| g K A SXE

B Ao Algd 2A E3gE9 HFHS Table 29
Uetd Bie} 72t} 3 Table 38 RAEAEC ALE
H ARE Yepd Ao2ZA ANEE FW SAe] 15 B
SXEN=AMEE A3 oY, #2ZA2s U4x
2.65g/em’, WA F 20mme] HE&A REEZAE ALS
A3, FFAEE DX 256 g/em’d] AHA AGALES

AH&-3FATH

e 2 ARolM AR F - F7), BFee W
Y FRAL fAUMYAT LA R, WA B
gl glow,

=l TEOS 4% % FaaFHo= 7
A9 FZEA LS Table 49 Yl Ble} 72T}

3.3 AIEA ME H FUY

33 82
o TS R T F2IANE EYst 60x7F H
Mg ANsn. vy gee faNEE 7 =0 g
Aet 197 AR ENS F TIS 14U
20£3°C] BE 43 AN SALH, o)F 7 49
Table 2 Mix proportion

W/C | Slump | Air content| S/a Unit weight (kg)

(o) [ em) | ) | (9
55 152 45+15 | 47

180 [ 317 [ 814 l 935

Table 3 Physical properties of materials

Materials Physical properties
Ordinary portland cement

Cement Density : 3.15 g/cml, Fineness : 3,230 cmz/g

Coarse Crushed stone

aggregate | Density : 2.65 g/em’, Max. size : 20 mm

Fine Sea sand
aggregate | Density : 2.56 g/cm’, Fineness modulus : 2.9

Table 4 Ingredients and physical properties of antibiotics

Ingredients of antibiotics Physical properties

- Concentration : 99%
“pH: 89
- Density : 1.2+0.1 glem’

- Acrylic modified silicon polymer
- TEOS (Tetraethylorthosilicate)
- Antimicrobial metal : Ni
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where, K : Air permeability coefficient (cm/sec)
P, : Pressure (kgf/cm®)
P, : Atmospheric pressure (1.0332kgf/cm’)
: Thickness of specimen (cm)

: Transmitted area (cm®)

h
Q : Amount of transmitted air (cm2/sec)
A
y : Air unit weight (1.205 x 10°%kg/cm”?)

A 284" AFAE 5% CO,, FE 60%S] 43

Table 5 Measurement items and test method

$10x3cm Concrete
specimens

5 1 Air

compressor

Surface coating

N L — | |-} [}
sealing

Fig. 4 Equipment schematic for air permeability test
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Measurement items Test method Size (mm)

- Compressive Strength (MPa) KS F 2405 @ 100 x 200

- Bond strength (MPa) KS F 4716 70 x 70 x 10

* Amount of abrasion (mg) KS F 2812 50 x50 x 10

- Water absorption coefficient (kg/m*h"%) KS F 2609 40 x 40 x 160

- Air permeability coefficient (cm/sec) - f 100 x 30

- Carbonation depth (mm) 5% CO, Acceleration 100 x 100 x 400

- Chloride penetration depth (mm) 10% NaCl Submersion 100 x 100 x 400

* Resistance to acid (H,SO,) 5% H,SO, Submersion @ 100 x 200

Table 6 Test results
Comp. stren Bond stren Amount of abrasion | Water absorption Air permeabili
Factors and level of test gWPa) = (MPa)gth (mg) coefficient (k;/pmz-ho‘s) coefﬁpcient (cm/:}elc)
Covering Sc. 30.44 1.70 27 0.058 5.63
method Sp. 33.82 1.98 19 0.032 7.89
Covering amount | 20 31.80 1.69 14 0.038 2.82
(mg/cm’) 40 3339 149 9 0.032 1.80
. 0 31.63 2.29 40 0.185 17.46
Covering times | — 2997 183 8 0.035 338
(times)

3 29.42 1.79 8 0.022 1.35
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where, S: Weight change ratio (%)
A :Dry weight before submersion (g)
B : Dry weight after submersion (g)
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Fig. 5 Compressive strength
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Fig. 6 Bond strength
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Table 7 Results of carbonation depth chloride ion penetration depth and chemical resistance

Factors and level Carbonation depth (weeks) Chloride ion penetration depth (weeks) Resistamce to HaSOy (weeks)
of test 4
Sc.
Covering
method
Sp.
i 20
Covering
amount
(mg/cm’)
40
0
Covering
times 2
(times)
3

Note ) In case of carbonation depth and chloride ion penetration depth, the bottom of specimen was covered with antibiotics.
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