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Development and Applicability Evaluation of High Performance
Poly-urea for RC Construction Reinforcement
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Abstract

Generally, poly-urea is widely used as waterproof coating material due to its superior adhesiveness, elongation capacity, and
permeability resistance. In addition, it can be quickly and easily applied on structure surfaces using spray application. Since it
hardens in about 30 seconds after application, its construction efficiency is very high and its usage as a special functional mate-
rial is also excellent. However, currently, poly-urea is mostly used as waterproof coating material and the researches on its
usage as a retrofitting material is lacking at best. Therefore, basic studies on the use of poly-urea as a general structural ret-
rofitting material are needed urgently. The objective of this study is to develop most optimum poly-urea composition for struc-
ture retrofitting purpose. Moreover, the structural strengthening capacity of the developed poly-urea is evaluated through
flexural capacity experiments on RC beams and RC slabs. From the results of the flexural test of poly-urea strengthened RC
beam and slab specimens, the poly-urea and concrete specimen showed monolithic behavior where ductility and ultimate
strength of the poly-urea strengthened specimen showed slight increase. However, the doubly reinforced specimens with FRP
sheet and poly-urea showed lower capacity than that of the specimen reinforced only with FRP sheet.

Keywords : poly-urea, RC beam, slab, flexural capacity, FRP sheet
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Fig. 1 Reaction mechanism of poly-urea
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Maerial Component Weight o] Adsel el to] 2XAT AgSAAE AT, A8}
thylene diphenyl d VA ke A9l s ool HatEe] el AL
Methylene diphenyl diisocyanate (MDI) 70%| 70 w
yiene dipheny] disocyanate (VD) 70% L 4 ik mE, B AT AR Feeeioks &
Prepolymer| Polyoxypropylene glycol 20% 20 TAS B3se] AMLE= Ao] 28 Aoz FekE):
Propylenecarbonate 10% 10
Pol lenediami 30~40 = =
olyoxypropylenediamine 3 ﬂ&lg =é=EI_I_E"()I_-I ?_ % I%I
Polyethertriamine 10~20
Diethylated-toluenetriamines(DETDA) 5 B oA 119149] Eﬂ“?‘ﬁﬂol“a‘ FIFE FLZE9]
Hard Secondary amine 20~30 BAAEE ARS] 98 A A2 AXE] 95k, B
ardener )
Propylene glycol 2 o} LY BEE gtez 3 Als A¥S XS
Pigment 2
UV sorbent under 2 3.1 AgAE
y-glycidoxypropyltrimethoxysilane 1 B deMe aids EEeelole] B gl me A
Table 2. Determination procedures of optimum mix proportion
without y-glycidoxypropyltrimethoxysilane with j-glycidoxypropyltrimethoxysilane
Case Drying Adhesive Shore Tensile . Drying Adhesive Shore Tensile .
time strength hardness strength Elo?gz;tlon time strength hardness strength Elor(loga)tlon
(sec) (MPa) (D) (MPa) o (sec) (MPa) (D) (MPa) o
1 5 8.3 67 22 221 10 13.8 67 24 288
2 10 8.3 67 25 221 15 13.8 67 25 221
3 40 9.0 67 24 221 40 13.8 68 26 200
4 30 9.0 65 23 310 30 13.8 65 24 310
5 20 8.3 70 26 265 20 13.8 70 28 265
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Table 3. Composition of test specimens

Type Series Specimen Retrofitted materials Retrofitted procedure
Fiber sheet Poly-urea
PU Control ) - Concrete
Beam PU 5 mm ConcretePoly-urea 5 mm
ERP FRP Carbon fiber sheet - ConcreteCarbon fiber sheet
FRP+PU 1 layer 3 mm ConcreteCarbon fiber sheetPoly-urea 5 mm
Control - Concrete
PU PU3 - 3 mm ConcretePoly-urea 3 mm
PUS 5 mm ConcretePoly-urea 5 mm
GF - ConcreteGlass fiber sheet
Slab GF GFP+PU3 Glassl ?:;;rsheet 3 mm ConcreteGlass fiber sheetPoly-urea 3 mm
GF+PUS 5 mm ConcreteGlass fiber sheetPoly-urea 5 mm
CF - ConcreteCarbon fiber sheet
CF CF+PU3 Carbo;l lf; 5(; sheet 3 mm ConcreteCarbon fiber sheetPoly-urea 3 mm
CF+PUS5S 5 mm ConcreteCarbon fiber sheetPoly-urea 5 mm
Table 4. Material properties of retrofitted materials
Materials Tensile strength (MPa) | Elastic modulus (GPa) | Elongation (%) | Thermal expansion coefficient (1/°C)
Poly-urea 20 0.06 310 10~20x1076
Carbon fiber sheet 876 724 1.2 8.6x107°
Glass fiber sheet 560 252 1.9 6.6x107°
Table 5. Dimension of specimens
Type Dimension Compressive : Reinforcerr.lent : Spacing of stirrup
HxBxL(mm) strength (MPa) Tension Compression Stirrup (mm)
Beam 250%150%2200 50 HD22 HD16 HD10 100
Slab 150x1000x2000 40 HD13 HD13 - -
2 vjokslr] Slalel Table 37 2ol A@AE ALSAT.  Table 40] YERAIT
ABARE Bet SRS o sglon], B ARAE &
PN, AR APARE F N2 ALSET. 71F0] e T 32 AEA| HE % Ay
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mm, 5mm)°l] W} BAF =X AIFA (PU), AFAIE sfRor, AR ZFETE DI0 E-S 100 mm Zl'Zﬂ,i Ll

(Carbon fiber sheet,

Glass fiber sheetyg %

Aol FE3t
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A Ao, A3 AE BRI 71 B

8@100=800

b

8@100=800
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200

L3
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2,200
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=5 HDI3 EZ
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Cover:30
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Bl Fig. 29} Table 59 YERAITE 72485 232 2
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(b) slab

Fig. 2 Dimension and details of test specimen
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Fig. 4 Composite retrofitted with fiber sheet and poly-urea
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Fig. 5 Load-deflection of beam test
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Table 6. Summary of beam test results

Type Specimen Per Acr Py Ay Pu Au Amax Failure mode
P P (kN) (mm) (kN) (mm) (kN) (mm) (mm)

Control 24.0 0.67 125.2 7.14 149.6 14.82 53.11 Flexural
B PU 26.2 0.71 127.0 6.96 151.2 15.49 61.42 Flexural
cam

FRP 32.8 0.90 147.0 9.18 167.6 19.1 29.68 FRP debonding

FRP+PU 30.0 0.84 147.2 9.14 163.4 18.9 19.73 FRP debonding

HU iR . n 250
I 1 e | -w-- Control

T— | i@ A e —=—PU3

(a) Poly-urea retrofitted specimen

- ] ()}

C.F —mp——— '

SVERESR T S

(b) Carbon fiber sheet retrofitted specimen
Fig. 6 Failure mode of beam specimens
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Fig. 9 Load-deflection of slab strengthened with CFRP
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Fig. 10 Failure mode of slab specimens
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Table 7. Summary of slab test results

Type Specimen Per Acr Py Ay Pu Au Amax Failure mode
(kN) (mm) (kN) (mm) (kN) (mm) (mm)
Control 42.4 0.83 103.4 6.97 155.8 46.87 54.76 Flexural
CF 50.4 0.92 216.6 11.12 236.2 13.91 17.16 FRP debonding
GF 48.4 1.15 197.6 11.92 233.4 19.11 29.63 FRP debonding
PU3 38.2 1.23 104.6 7.92 165.8 50.27 57.31 Flexural
Slab PU5 40.8 1.7 141.6 12.7 175.0 49.67 66.31 Flexural
CF+PU3 472 0.81 186.2 8.54 210.8 11.46 13.33 FRP debonding
CF+PU5 56.6 1.05 217.4 9.34 242.6 11.53 13.53 FRP debonding
GF+PU3 53.8 1.17 170.8 9.92 215.2 27.17 30.69 FRP debonding
GF+PUS5 54.8 1.01 145.4 6.93 218.4 23.86 24.75 FRP debonding
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