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Micro-silica Mixed Aqua-epoxy for Concrete Module Connection in
Water : Part 1 - Material Development and Evaluation
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ABSTRACT Recent studies on concrete floating structure development focused on connection system of concrete modules. Precast
concrete modules are designed to be attached by prestressing in the water, exposing the structure to the loads from water and making
the construction difficult. Therefore, a development of bond material became a key issue in successful connection of floating
concrete modules. In this study, micro-silica mixed aqua epoxy (MSAE) is developed for the task. Existing primer aqua epoxy,
originally used as a bond material for the retrofit of concrete structures using fiber reinforced polymers, is evaluated to find the
optimum micro-silica added mix proportion. Micro-silica of 0~4 volume % was mixed in standard mixture of aqua epoxy. Then, the
material property tests were performed to study the effect of micro-silica in aqua epoxy by controlling the epoxy silane proportion by
0, £5, £10%. The optimum mix design of MSAE was derived based on the test results. The MSAE was used to connect concrete
module specimens with the epoxy thickness variation of 5, 10, and 20mm. Then, 3-point loading test was performed to verify the
bond capacity of MSAE. The results show that MSAE improves the bond capacity of concrete module.
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Fig. 1 Chemical structure of aqua-epoxy

Table 1 Composite of aqua-epoxy compounds

Compound(%) Function
A type(100) + F Adhesion increase in moist
type(35) condition, Hardened formation

Coupling agent, strength increase,

Epoxy silane(10 e .
poxy (10) combination with concrete surface

Difunctional reactive

diluent(0.5) Viscosity control, strenth increase

Inorganic filler Strength increase

Hardening reaction inducement,

Amido-amine(4 . .
“) adhesive strength increase

Modified aliphatic Hardening reaction inducement,
amine adhesive strength increase

polyamid-amine

(0.5) Cold cure reaction inducement

Dispersion function, viscosity
control

Nonylphenol
dispersing agent
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Fig. 2 Hardening reaction of aqua-epoxy
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Table 2 Chemical analysis of Micro-silica

Element Unit Limit Compound

SiO, % min. 98.4
C % max. 0.50
Fe,0s % max. 0.01
AlLOs % max. 0.20
CaO % max. 0.20
MgO % max. 0.10
K,O % max. 0.20
Na,O % max. 0.15
P,0s % max. 0.03
SO; % max. 0.10
Cl % max. 0.01

Table 3 Concrete mix proportion

o | wic | sa Unit weight (kgf/m’)

o (%) (%) | Water | Cement | Gravel Sand

30 55 |44.75| 486.67 | 339.4 | 958.12 | 746.75
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Table 4 Material test list

Table 5 Results from slant shear test

Test type Standard Notation MS . Bond stress Fracture
Tensile stress KS M 3006 T (%) Specimen no. (MPa) mode
Compressive stress KS M 3015 C 1 3.92 Interfacial
: 2 3.96 Interfacial
hear Stlr:;(iifg rensle KS M 3734 ST 0% 3 3.90 Interfacial
Bond stress by slant shear | ASTM C 882-91 BS 4 3.81 Interfacial
Bond stress KS F 4923 B Average stress 3.9
1 3.87 Interfacial
s0 2 4.11 Interfacial
1%
2 3 3.88 Interfacial
E a5 T 4 3.73 Interfacial
E Average stress 39
g e 1 4.01 Interfacial
= A\‘/‘\‘\‘ 2 3.96 Interfacial
) 2% -
% 425 | 3 3.91 Interfacial
& 4 3.88 Interfacial
40 Average stress 39
0% 1% 2% 3% 4% 1 4.03 Interfacial
Mix proportion of MS(%) . 2 4.00 Interfacial
Fig. 3 Tensile strength due to MS mix proportion 3% 3 3.96 Interfacial
4 3.86 Interfacial
= £5%, £10%= Zdska oo thet A A AAlst Average stress 4.0
Atk Als A3 352 Table 491 2Tt 1 3.82 Interfacial
2 3.74 Interfacial
42 njo|az Mz|7t EUY B} e 3 3.79 Interfacial
Qo] AFSE S8 AL AR 33000 epsi 4 3.88 Interfacial
= - Average stress 3.8
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Table 6 Results of tensile test Table 7 Results of material tests [unit:MPa]

MS | Specimen Thick. Width |Tensile stress T C ST B BS

(%) no. (mm) (mm) (MPa) (SZ) no. | MS | MS | MS | MS | MS | MS | MS | MS | MS | MS
1 4.11 10.04 46.3 0% | 2% | 0% | 2% | 0% | 2% | 0% | 2% | 0% | 2%
2 4.11 10.12 40.9 1 [32.733.5/65.4(69.0| 9.0 | 9.2 |12.63|3.46|2.97|2.90
3 411 10.30 43.6 2 130.3]35.3/72.5(59.6| 8.1 | 9.2 [3.00|3.32(2.85|3.04
0% 4 411 10.29 44.0 0% 3 [32.1(35.4/58.8/66.0| 8.4 | 9.0 |2.63]3.58/2.80(3.10
5 4.11 10.17 429 4 131.3|132.9(63.1/66.5| 8.8 | 9.1 |3.12|3.44|2.90|3.00

Average stress 435 5 133.2132.2168.4/70.21 9.0 | 8.9 | - - - -

1 4.11 10.29 46.7 Avg|31.933.8/65.6/66.3| 8.7 | 9.1 | 2.8 |3.4]29]3.0
2 4.11 9.90 45.2 1 |35.4/34.6/72.0/78.0/10.4|10.3|3.27|4.21|3.42|3.48

1% 3 4.11 9.99 40.9 2 (33.837.7|/74.3/78.0{11.5/10.8|3.71|3.58|3.29| 3.3
4 4.11 10.22 40.4 5% 3 [35.6]37.7|76.1]78.7|10.9| 9.7 |3.45|3.76(3.33|3.73
5 4.11 9.93 40.3 4 135.3|40.0{76.5/73.110.2]10.6(3.95|4.03|3.21|3.42

Average stress 42.9 5 |38.138.0{75.5/77.119.9 | 9.6 | - - - -

1 4.11 10.29 443 Avg|35.6|37.6/74.9/77.0{10.6/10.2| 3.6 | 3.9 | 3.3 | 3.5
2 4.11 9.90 47.2 1 [41.9/42.0|81.0{84.4{12.2|11.8|3.53|4.60|3.74{3.90
2% 3 4.11 9.99 45.2 2 140.0{44.7|87.2185.7|11.3|11.6|4.70|4.74|3.53|3.98
4 4.11 10.22 42.3 0% 3 142.9/43.5/84.7(86.1|11.8/12.8|4.50|5.16|3.72|3.88
5 4.11 9.93 42.3 4 139.4|41.384.8(88.3|12.5/11.8|4.64|4.62|3.77|3.75

Average stress 44.2 5 |42.1|44.3/84.6(82.7|12.1|12.3| - | - | - | -

1 4.11 10.29 42.7 Avg|41.3|43.2|184.5|85.4|12.0({12.1| 4.6 | 4.8 | 3.7 | 3.9
2 4.11 9.90 45.2 1 (37.5136.3|75.6(/79.1{11.2|12.0|3.65|4.19|3.72|3.60
304 3 4.11 9.99 43.4 2 [36.2|35.5/76.8/80.0{11.2|11.0{3.76|4.32|3.50{3.50
4 4.11 10.22 42.7 50 3 136.9]36.6/82.5/69.8|11.8|11.4|4.12|3.97|3.21|3.57
5 4.11 9.93 40.0 4 137.7|/34.4/83.5|82.9|11.1|11.2|3.68|4.14|3.58|3.73

Average stress 43.0 5 136.2|136.3|82.0|75.0{11.3|12.5| - - - -

1 4.11 10.29 44.0 Avg|36.9|35.8/80.1{77.4{11.3|11.6/ 3.8 |42 |3.5|3.6
2 4.11 9.90 44.6 1 [36.0{35.9/74.4|77.5/10.6/11.0|3.10|4.43|2.92|3.67
4% 3 4.11 9.99 45.9 2 |35.2134.7|75.2(81.5|11.1|10.7|2.87|4.22|2.97|3.76
4 4.11 10.22 39.9 0% 3 [35.0{37.2|76.4/80.5{10.9/11.0{3.20|3.97|3.10|3.74
5 4.11 9.93 40.3 4 133.9|38.2|73.7|83.6/10.1]12.0|3.06(3.76|2.93|3.65

Average stress 42.9 5 |38.4/36.4|75.9|77.8|11.1|11.2| - - - -
Avg|35.7|36.5|75.180.2/10.8(11.2| 3.1 | 4.1 | 3.0 | 3.7
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Fig. 5 Test specimen dimensions

l 120

Fig. 7 Casting and curing in soaked condition

Table 8 Test case notation

Hardening condition
Bond length
Dry Wet(Soaked)
AES5S AES5(w)

5 mm
MSAES MSAES5(w)
AE10 MSAES5(w)

10 mm
MSAEI10 MSAES5(w)
AE20 MSAES5(w)

20 mm
MSAE20 MSAES5(w)

26 | BF=Edc|Ese| ==d M273 M1= (2015)
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w2 A5 W3l= MSAE5-MSAES(w) 7t 1.7%, MSAEI0-
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Fig. 8 Max. load versus bond length test results
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° p ° (] : Micro-silica
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(a) Non-MS (b) MSAE

Fig. 9 Pore reduction by MSAE



Table 9 Test result [unit:kN]

Case Dry Case Wet
AE | 12.6 [1325[1237] Ap |11.68]12.56]12.15
5 Avg : 12.74 5(w) Avg : 12.13
MSAE |20.08]21.27/23.99| msak | 23 [21.14]20.11
5 Avg : 21.78 5(w) Avg : 21.42
AE | 147 [13.72] 1401 | MSAE | 14.54] 14.27] 12.9
10 Avg : 14.14 5(w) Avg : 13.98
MSAE |24.12] 22.1 |23.24| MSAE |22.66]22.01|23.62
10 Avg : 23.15 5(w) Avg : 22.76
AE |10.72]1175] 10.3 | MSAE | 947 | 9.85 | 11.46
20 Avg : 10.92 5(w) Avg : 10.25
MSAE | 14.47|12.99] 1528 | MsAE |12.04]12.78] 14.1
20 Avg : 14.25 5(w) Avg : 12.97

(a) Non-MS AE

(b) MSAE

Fig. 10 Fracture section and pore reduction
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