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Durability Performance Evaluation of PolyUrea for Seismic Retrofitting of

RC Structures

Chul-Min Cho', Jang Jay Ho Kim?>*, Doo-Sung Lee?, Tae-Kyun Kim’

Abstract: An experimental study is needed a reinforcing method for seismic load to apply for RC structures because a lot of earthquakes have frequently
happened in the world and those also collapsed infrastructures or damaged human lives. The reinforcing effect of PolyUrea (PU) appeared to be excellent
under blast and impact about RC structures. In this study, Stiff Type PolyUrea (STPU) had developed by manipulating the ratio of the components
of prepolymer and hardener of PU. And the durability performance evaluation of STPU for deterioration and chemical resistance has been performed.
Acid environmental exposure test and ultraviolet (UV) exposure test have been performed as the durability performance evaluation for STPU. Concrete
carbonation exposure test and freezing and thawing test for concrete coated with STPU have been performed. The experimental result showed that
STPU has high resisting capacity and durability in all tests. Therefore, STPU would be used as seismic reinforcement materials.
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R7}o)r} Fiber-Reinforced Polymer(FRP) X733 0]
AHE-E] 01 $TH(Kim et al, 2013; Lu et al, 2005; Chen et al, 2008;
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PolyUrea(PU)= Z2|H A 182} 3152 B4 o] FH 9
g 2Ho] 7hedtal $-rE ARHRAAT 7IAA B4

A H2A|, TEA e} 22 EAAEE Tkt ool A A
%le oh:]_ )dz';g o:]:[Lo]]/\-] PUp,] %HQ z;‘s_j_—s]_o:] H7l qu—_
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2.1 PolyUrea 7|2 M4

Z g 9-doKPolyUrea, PU)2] FA|(Prepolymer)= ©]4:A]
o] o] E(lisocyanate) 2} THo]E(Diol, Diamine)2] RHS-O.2
P =M, o] & tjo| iAol o] E(Diisocyanate) 2F 3FaL A
Z(Aliphatic), ®3FE(Aromatic), A< Cycloaliphatic).S-
ERETE A2 Hexane Diisocyanate(HDI), Isophorone
Diisocyanate(IPDI), Methylene Biscyclohexyl Diisocyanate
(HiMDI)7}F 9lom, wako] 749 Toluene Diisocyanate
(TDI), Naphthalene Diisocyanate(NDI), Methylene Diphenyl
Diisocyanate(MDI), Bitoluene Diisocyanate(TODI)7} 131 X]
31=-2 Methylene?} Cyclohexane®ll Isocyanate”} A3He #
o]t Lamba et al, 1998(a)).

PU<| 74 3}A)|(Hardener) Tl o}](Diamine) 2] A& SAA2
+ Butanediol(BD), Ethylene Diamine(ED), Methylenebis

=28 M21H 32 (2017. 5)

Chloroaniline(MOCA), Ethylene Gglycol(EG), Hexanediol(HD)
o] 1thLamba et al, 1998(b)). PUL| A3 A &2 AH&-H= A&
A= 2= (Monomer)W 2] 1M (Oligomer) 2 5 7}
A FejolH o] =PUS| BALFS S7M7IE A ES dith =
gk PUS| A3 & 7N 7] AL W=t 71AI A 5445 aFdAl
A o A8 ATt A IR W RS Ze2l-e-alote] A
- Diamine AFE EAFE Isocyanate 9} W21 2 H31A] QF
53} Urea group2 FA3139.0.H, o]= 53} Biuret 2%+
o] YA HEE ARExEe| Ajto| o] Fo|XItt. Biuret A ¥
Urea group W A2 Aol = H-gAdo] & 47} Iso-
cyanate 9} HH-8-3H A FHEOIA &= & Eleia=
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= =4
2.2 WWRIEZE Ze|<el|of STPU

2 AToNlAME 1A QY a3E YEhle IR
& Eg-9dol=A STPUE A =18k L Table 12 STPUS
__TL}‘—]% 23 ao]: QE}LHJ— ME]'-

STPUS] A 342 Methylene Diphenyl Diisocyanate
70%, Polyoxypropylene Glycol 20%, Propylenecarbonate 10%
E AH8SIYTE STPUS] ZshA|l 432 Polyoxypropylene
Diamine 40%, Polyethertriamine 10%, Polyetheramine 10%,

Table 1 Composite of stiff type PolyUrea

Material Component STPU [%)]

Methylene Diphenyl Diisocyanate (MDI) 70
Prepolymer Polyoxypropylene Glycol 20

Propylenecarbonate 10
Polyoxypropylene Diamine 40
Polyethertriamine 10
Polyetheramine 10
Diethylated Toluenetriamines (DETDA) 30

Hardener  Secondary Amine 5
Propylene Glycol 2
Pigment 2
UV sorbent under 2
v-glycidoxypropyltrime-thoxysilane 1

Table 2 Material properties of stiff type PolyUrea

Assessment Items STPU
Drying time [sec] 20
Tensile Strength [MPa] 26
Shore Hardness [D] 70
Bond Strength [MPa] 14
Elongation [%] 150




Diethylated Toluenetriamines(DETDA) 30%, Secondary Amine
5%, Propylene Glycol 2%, Pigment 2%, UV sorbent 2% ©] T,
v-glycidoxypropyltrimethoxysilane 1%% ©]-8-5}4 30 ~ 90°C
o] Al EEAIZTE A 7Y o] Fo) A5 HPE F8t A=
EAE &3 21, Table 29} o] Ujzl 57(}% Zg-5-4
o}l STPUS] A EA S 2T 20%, A= 26 MPa,
Shore 74 % 70, F-274 % 14 MPa, A& 150%011:]'
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M 6518(7FF LT E2] A WH)oll 7H8E o}l 353 &
2 A &3, 2.1, Photo 2(b)2] EZ-E o83t 749l 9hA|
Attt

312 AAH 83 =F A F

RS E2]-dole] e)d =& AlE-2 KS F 2274

(a) H2SO4 2% 400 ml (b) H,SO4 10% 400 ml

Photo 1 Acid environmental exposure test

20 | 100

40

(a) Dumbbell specimen (b) Cutter (c) Tensile testing

Photo 2 Tensile strength and percent elongation test

Bl

(b) Accelerated artificial exposure
chamber

(a) Inside of chamber

Photo 3 UV exposure test
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Measurement zone

(a) Cylinder specimen (b) Carbonation depth
measurement
method

(c) Carbonation
chamber

Photo 4 Concrete carbonation exposure test

N

(a) Freezing and thawing chamber (b) Dynamic elastic modulus mea-
suring equipment

Photo 5 Freezing and thawing test
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Table 3 Acid environmental exposure rest result

STPU HzSO4 2% HzSO4 10 % Ratio

Tensile

strength [MPa] 26 24 24 1.0:0.92:0.92
Percent 150 170 180 1.0:1.13:1.20

elongation [%]

Table 4 UV exposure test result

STPU 1,000 hrs 2,000 hrs Ratio

Tensile

strength [MPa] 26 18 16 1.0:0.69:0.62
Percent 150 110 90 1.0:0.73:0.60

elongation [%)]
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7 149 6712 A=)tk T3, 2AR] A =F 2,000417H KS
713250 A1Zh R} ull 7 Mg wF Al SUIAIZ] S9ke] =
o), o] ZANAE QIAZE 16 MPa ©)2] A5S ¥
St E Aol Zo) Udk A g4 s o] Jokar AeE

Table 5 Concrete carbonation exposure rest result

Tvpe Time Carbonation  Carbonation
P [week] depth [mm] rate modulus
No Coated 5.87 2.94
o Coate
Normal 8 8.98 3.17
strength 4 0.00 0.00
concrete gjde Coated ’ ’
8 0.00 0.00
No Coated 4 3.36 1.68
: o Coate
High 8 4.66 1.65
strength 4 0.00 0.00
concrete gide Coated ’ ’
8 0.00 0.00

= AP o diis

(b) No Coated (8 weeks)

p4 i,

(c) Side Coated (4 weeks) (d) Side Coated (8 weeks)

Photo 6 Concrete carbonation exposure rest result (normal strength
concrete)

Table 6 Freezing and thawing test result

42 WZFIEZE Z2|eof =2 E232|EQ|
3 SLSoH AlE Aot

4.2.1 §43 =& A1 A3}

ARG Z2 9ol = AT EQ| eild =2 A
T3 TS = A - $of vbs) Zlo]) 9 gHlsl £ 5 A
TE EZ3 ZA7= Table 58+ AT 47 59| 8418} =&
ANE A7, IR E 9 345 I E| T3l g4ts) o]
= 9F5.87,3.36 mmE ZAEQ oM, Zg$gol £ AH
& FITE Fo} T ehiksl 50T dAekA] ek
o up IR 2 85 Feke] 'hasl =& Al A I =
2 1735 S EC tia] g4ts} 1o ¢F 8.98, 4.66 mm
2 ZAHENeH, ZYdol Bx A A9} T35
Rl A BT BAEEA] k). Yt s 3B EVF 17
T ZIERY e S5 A4) 292 4 5 e,
=
=
%

0t

EIME} -E

gfeols U =23 ZAYE A[He] e gils =
o] A& TAYSHA| B 0= LEh BhatslR] Foll tigh

B3 A A= 71A = Ao 2 AdEH) Photos 63 72

(c) Side Coated (4 weeks) (d) Side Coated (8 weeks)

Photo 7 Concrete carbonation exposure rest result (high strength
concrete)

Type Cycle Dynamic elastic modulus [Hz] Durability factor [%] Compressive strength [MPa] Reduced strength [%]
No Coated 22573 95.49 3929 11.94
o Coate . .

Normal 300 22040 34.30
strenglh 22573 40.11

concrete  Coated 97.79 ' 0.97
300 22224 37.64
23029 62.71

High No Coated 95.34 13.36
& 300 22503 55.22
strength 23029 69.08

conerete  Coated 96.93 ' 6.16
300 22774 68.41
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