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Setting Time and Compressive Strength Gains of Glycocalix Coating
Materials with Silica-based Accelerating Agents
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The present study examined the effect of the silica-based accelerating agents on the setting time and compressive strength
gain of biomimetic glycocalix coating materials that has been developed for protecting the substrate of concrete exposed
to chemical and microbiological attacks. The accelerating agent contents varied from 1omL/L to 4omL/L in the mixtures of
glycocalix coating materials determined for shotcrete and lining techniques. Test results showed that the setting time of
coating materials containing accelerating agents was affected by the contents of the bacteria carrier. When the accelerating
agent content was 4omL/L, the final setting time was 80 minutes for shotcrete mixtures and 318 minutes for lining
mixtures. Meanwhile, the compressive strength gain of coating materials with accelerating agents tended to be lower than
that of counterpart materials without accelerating agents.
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0] HI10 A= Yoon et al,(2019)2] HTOIAM MAIE BFat S5t
% A2 Fofo| =EE Z32|E ottt W LAY SENSHA
Bzl 2210|2 Z=A(glycocalix) ZEHS| £Ed ey H
X7 4 Ll 2IEt 2280 29 Ed2 eI 221012
ZiZ|A DETHO| Ao what MIRHE T & 1718 % 2to]

Lo
]
|

=0
8 DE oA A2/AHOIEA SZMQl MItEES 10mL/L,
3 40mL/LZ HSI5IRCH, o e 28

d=Ee E45 Uil

2.1 A 2R
=22i0|F AA FEXY M ol ZEMZE MEE XS
E,_E)\Pﬂé(ordinary portland cement, OPC)Q| =2|X EN 4! 5t
&Y XS Table 10f LIEILARICE OPCY Y& 2 BUE= 212t
3.15g/cm® 9} 3,284cm?/go|Ct OPCO| Z=Q IR ANL Cad L
SiO2M 22F THH| StetxH|Q] 62.4% X 21.7%S AFXISH QU
Cr 2= HMEo| A8 S2ltie Bk S B 27171 24824

0.5g/cm® @} 100ume] Of| &2l = H|Y(ethylene vinyl acetate,
EVAA Mg ste 220[CHTable 2), 22|09 24 2 2 Z7|
el HIX|ZE 5t B2 A= WX 0.5g/cm®e] 2AH(Qt AZKE
A5Gt FEXY MES @/st Z2RZ A= 0.05~0,17mm, 0,17~

[e]]

0.25mm 2 0.25~0.7mm2] UAS Zt= HAKsilica sand)E At
83l D:i MR2ME Uz 13g/cm® & ZIZ 120ume| Z2(of
El2l(polyethylene, PE) MZ 7 A2 EIQACH ZEXC] H3 &=
AHS 2ot MEZME FALHES(NaSIO; - nH0)8 £ A
2o St UL 1.25g/cm’e| A2|A0|EA HME MRS At
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Table 1. Physical properties and chemical composition of ordinary

portland cement

Phys@al Chemical composition(%o)
properties
Materials
Density |Fineness| . |
( g/cm3) (sz/g) SlOz A1203 F6203 CaO MgO SO3 LOI
OPC 3.15 3260 | 21.7 | 53 | 3.1 | 624 | 1.6 | 1.7 | 0.8
Note] 1: Loss on ignition
Table 2. Properties of polymer used
Glass
. . . Average
Density Viscosity transition . .
5 pH particle size
(g/ecm’) (mPa - s) temperature
© (m)
(©)
0.5 2,000 16 6~8 100
ZofAct,
22f0|3 A oM BHH|2|0b= Table 39 AAE 2= Y
kool M 10°cell/mL S =2 BiLE Rhodobacter capsulatusit
0|25A20, Yoon et al (2018)0] MAISH T ™3t 7|&0f wat
CiEgel WMo udst =UTt, He2or MEN HESS
oIt CiZ 4ol BYHMS Uk 025g/om’ U Yol2m S B

(cation exchange capacity, CEC) 120~

olct,

150meq/100g2| =

Table 3. Media compositions for Rhodobacter capsulatus

27s Medium composition Quantity
Yeast extract 1.0g
Disodium succinate hexa-hydrate 1.0g
Absolute ethanol 0.5mL
Ferric citrate solution (0.5%) 1.0mL
KH,PO,4 0.5g
MgSO; - 7TH,0 0.4¢g
NaCl 0.4¢g
NH,CI 0.4g
CaCl, - 2H,0 0.05g
NaCl 0.4g/L
Trace-element solution ImL/L
Distilled water 1L

Carbon source: succinate

Medium wt.x0.3%
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Table 4. Mixture proportions for glycocalix coating materials and summary of test results
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Bm.d.er Volume Rep lz?cement Accelerating Test results
composition(%o) . ratio of
Speci W/B B fraction of ded agent
DECIICTS (%) fiber expande contents Setting time(Min.) Compressive strength(MPa)
OPC | Polymer % vermiculite mL/L)
(%) (sand vol. %) ( Initial Final 1 day | 3 days | 7 days |28 days
S-Control 0 0 292 465 8.2 14.1 22.1 389
S10-10 10 85 378 9.1 15.1 21.8 349
S10-25 10 25 30 230 10.2 14.5 20.2 32.6
S10-40 34 95 5 0.2 40 18 80 10.4 132 18.8 31.6
S35-10 10 168 345 8.3 12.1 15.7 30.5
S35-25 35 25 107 293 8.8 115 142 27.8
S35-40 5 40 25 285 8.4 114 12.8 25.1
L-Control 0 0 255 570 114 224 273 452
L10-10 10 160 380 122 18.5 25.8 38.7
L10-25 10 25 87 340 13.2 172 24.1 37.0
L10-40 35 90 10 0 40 32 318 14.1 16.6 23.8 352
L35-10 10 231 450 11.4 16.1 21.0 329
L3525 35 25 168 400 12.8 15.8 20.1 30.5
L35-40 40 108 360 13.1 15.5 19.3 28.5
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Fig. 1. Setting time behavior of glycocalix coating materials for
shotcrete technique
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Fig. 2. Setting time behavior of glycocalix coating materials for
lining technique
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