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Performance Evaluation of Structure Strengthening Using Sprayed FRP Technique
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Abstract

The sprayed FRP strengthening technique is combining the Glass fiber and Polyester resin
in open air and spraying randomly at concrete’s surface with high—speed compressed air. Then
it strengthens the structures with a new technique evaluated the structural performance. We
applied it to concrete beam and tested for flexural strength, depended on Korea Standard(KS F
2408). Then based on the result of flexural strength, the properties were proposed that
applying to structures. Based on the experiment, we have evaluated structural performance by
the experiment. 1/5 scale prestressed concrete I—beam were made by Korean Highway’s
typical drawing in 1993. With these test results, 49.8% increased in flexural strength,
improvement of the behavior of serviceability state, and strengthening was surely effective for
controlling deflection and crack of structure. Consequently, it can be summarized that Sprayed
FRP technique has prospect to improve the performance of structure.
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Table 1 Concrete mix design of concrete beam
Design strength Maximum size of Air content Water/Cement Sand aggregate Phgh—R?nge water Slump
(MPa) coarse aggregate %) %) ratio reducing agent (mm)
0, 0,
(mm) (%) (kg)
40 25 45 * 1.5 44.0 36.4 1.599 150
FrexcEE R J13H HMaseoe. 7 127



W AP Fig. 13 o] o] 400mme]H, ¢e
A7]1(BXD)7F 80mm X 100mm<) & wha g
AYE Beam®]t}.

o] Aol Akg-¥ A¥A= CBNO~CB37¢]2 7
&=t o714 CBE &38| E Beam= LERYH,
NO+ Fu7Z A@A, 32 Rz e 23}
AF (%), 7 BAARS] st (day) & HeRHT

o] Ao AHgH FEAfel digh TEX, d4E,
JAAAE, B4, It E, F2dE 52 &Y
A& Table 2] YepiITh FA= #AH] FRP
Alel &83 Qe ZYAAETHAE ARSI
=3

ZAYE Beam? FALE HAE 3] 99
o] KS F 2408 3 ES] 7= AJd #HH@)
o] F3lo] 35 stsAlEAIE (U Ah & skl
v, ZIYE Beam? AH-> 47(28H)E 33tk
Table 3 o] Adel 484d ASAHE d#wolt).

o] AFelA= FA9 AsE FHA7I= H3A
(Hardener) ol w2 37} (1%, 2%, 3%) W4

i

Table 2 Mechanical properties of Glass Fiber

SFAAZH(24hr, 3day, 7day)°l WE HAE W=
ol iz, R AFAE £ F 10719 A
xS AZalqit). Table 3014 CASE@9] &g
AR EFelaE A8 o] Spray—Cutter
Gun®l 4% % AeE 1] AErh momA
A2 o) 71 At fdE= HHo did
o]?l 2.8cm P Ao} A WM& 2 12 A
8F8lo™, FRP Sheet 189 w9} 453 R+
7 4.4mmE WFE 13T

SFRPO] &gl AME-E A3 Au|2 GAFY] ~
Zo] AuE AREsIon, SFRPO 243142
Photo 13} o] (a) 2ol =32 (b)FRP A}
(@3, At Y S +o7 g3t

ALY L WA ZHE Beamol] SFRPE A%
7] A xHAEE sleH, 1§ Axgo] )
= Ak A ZER el hek Egelal 4
2 W A3AE EE319] beam WS WA
th, Adef AlgE 27 Ao dElE 2 g
9] FEldfe ZYolAlE FAE gt ALg
shelth 53] AR 2714 % 9 AdsEe] 9
T vA = ASAY] FREel e AEAEE T

Properties Dry Range Wet Range
TEX
4 4
(o/km) 3460 3460
Combustion rate 115 + 01 115 + 01
(%) ey s
Tensile strength 77— 945 70 - 840 (a) Application of Primer (b) Application of Sprayed FRP
(N/mm?)
Hlexural strength | 60 96 9240 — 2750
(N/mm?)
Tensile modulus *\ 7200, 6100x107 | 7700~9100% 107
(N/mm?) b
Fle}zuj\l;jl mo;l)ulus 7700~9100X10° | 7700~9100%10° (c) Sprayed FRP (d) Incorporation  (e) Curing
mm Photo 1 Application of sprayed FRP to concrete beam
Table 3 Material properties of sprayed FRP thickness for design
CASE No. Materials e(%) o,(MPa) thickness (mm)
@ G28:E=2:1 Chopped glass fiber + Epoxy 0.833 1170.5 4.2
@ G28 :PE=2:1 Chopped glass fiber + Polyester 1.036 1193.05 4.4
©) C28:E=2:1 Chopped carbon fiber + Epoxy 0.488 1823.85 3.0
@ C28: E=2:1 Chopped carbon fiber + Polyester 0.657 1668.25 4.0
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Table 4 Summary of flexural concrete beam tests plan

No Specimen Material Fiber loading | Spray Type | Fiber length | Thickness Hardener | hardening time

@ CBNO - - - - - -

® CBI1 24 Hr

® CB13 2% 3 Day

@ CB17 Glass Fiber 7 Day

® CB21 + 24 Hr

® CB23 POly_‘:Ster 30% 2.8cm 4.4mm 3% 3 Day

@ CB27 PE 7 Day

® CB31 primer 24 Hr

© CB33 4% 3 Day

© CB37 7 Day
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Table 5 Concrete mix design of prestressed concrete beam

Section Design strength Maximum size of Air content | Water/Cement | Sand gggregate AE plasticizer (kg)
(MPa) coarse aggregate (mm) (%) (%) ratio (%)
SLAB 27 25 45 £ 1.5 45.5 45 1.161
High—Range plasticizer (kg)
PSC BEAM 40 25 45+ 1.5 44.0 36.4
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