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Introduction Figures and Results Discussions
. . : In this study, the flexural and shear behaviors (Figs. 3 and 4), flexural capacity (Fig. 5), : N
CARDIFRC strip [1] and GUSMRC strip [2-3] deflection capacity (Fig. 6 and 7) and damage rating (Table 1) of the 18 RC beams before The S_h_ear failure pOSSIl?IIIty for Type B
bonding systems of UHPFRCCs have been and after retrofitting were evaluated. retrofitting was 0.0% (Fig. 4).
successfully utilized for RC beam retrofitting p i
owing to their high compatibility with the parent x v Type B retrofitting increased the failure load
material of damaged reinforced concrete beams. 7 25 30 % 12 ;ff’ 0 by 24.37% to 38.39% (Fig. 5).
* 1 1 fo 20

Despite improvements, some of the retrofitted o ; IR Average mid-span deflection of Type B
be_dams eXperIenCtEd Sl:r?de_n Sheir'lf)allu:je due I‘:O Fig. 3: Crack patterns observed in damaged CBs at failure load [Load (kN), Distance (mm)]. beams at 10, 20, 30, and 40 kN was 21%-
mic-span over-strengthening, attributed o the P . s R 23.6%, 16.6%-19.9%, 20.7%-24.9%, and

23.6%-28.5% of control beams, respectively
(Fig. 6).
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high strength of materials and the used retrofitting LY om ) I m o I
patterns of GUSMRC [2-3] and CARDIFRC [1] i

Research Aim Conclusions

To develop a new retrofitting pattern using the | |
UHPFRCCS Strip bonding System tO prevent Sudden 0 100 200 300 400 500 600 700 800 300 1000 1100 1200 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
shear failure in RC beams.

The damaged RC beams were successfully
retrofitted with Type B, achieving up to a 38%
Increase In failure capacity.

Recommendation: Retrofit beams using the

Methods and Materials proposed pattern in Fig. 8 to further enhance

In this StUdy, 18 CBs were cyclically loaded at different F_ig_l.ol4: Cra(f(k g){;lt’g:rns oIf“retfrIofittedI bearr(s aztd;iigerent\?arlnag? stzgdes: (a) Stagde z -)rgicro-c\r/allck]icnglj, (b)[ Stage Il - fli<rst flexural failure and Capacity.
: tage Il - flexural cracks, tage V - localized damage, and (e) Stage VI - failure [Load is in kN,
levels (25%, 50%, and 75% Pu) to analyze flexural VI Srash
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_ _ ) ) distance in mm]. [
behavior (Fig. 1) and then retrofitted with 16 mm and 100 Y Table 1: Damage rating at various load levels for all beams based on
g g
20 mm UHPERCC Strips (T16 and TZO) using the new 5 Eg tolerable crack width limits [ACI and ICRI, 2008]
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U H P F RCCS COnflg u I‘atIOn (Fl g 2) c_g - —e—Increase in (Pu)avg (T20)% 1 2 Load level Control Beam (CB) Retrofitted Beam (Type B)
s I © (Winax)avg < 0.1 mm
R8 < 400mm R6 @ 65mm ;‘_:5 %40 0 9::, 10kN A very slight damage No -damage L F
R6 @ 65mm l \ % / ; 20 kN (0.1 < (Wpa)ag 0.3 mm |« 1030mm q
l\ / : o ' 0 S : _ . .
AN o z 0 ¢ RO e Jomchameis Fig. 8: Recommended UHPFRCCs retrofitting pattern [Type C
~ / \ / / = 03<(w,.).,<0.5mm (W) ave < 0.1 mm
A / ° max/avg — max/avg — ~°
/ O ° B-R10kN B-R20kN B-R30kN 0 304N A moderate damage A very slight damage
0.5 < (W) ave S 3 mm (Wiax)ave < 0.1 mm
L . T Fig. 5: The average failure load of beams before (CB) and 40kN N d:mage Py s"gght damage
A J after retrofitting (Type B)
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Fig. 1: Reinf t details of trol b CB ‘0 - *- (3AR/SBR) (T16)  ——(3AR/SBR) (T20) | s & o o
I§. 1 : ReInforcement detatls ot contro Ee ams (CB). E" T ,  2)Strip Thickness 20 mm (T20) ,  blStrip Thickness 16mm (T16) [1] Alaee, FJ, Karihaloo, BL (2003). Retrofitting of reinforced concrete beams with
l»c rD r © 3.0 06 Z _ _ CARDIFRC. Journal of Composites for  Construction, 7(3), 174-186.
225mm | 750mm . 225mm > % £ g 2 https://doi.org/10.1061/(ASCE)1090-0268(2003)7:3(174).
5 2.0 - S04 9 = £
< -— " 2 €1 € 1 [2] Aldahdooh, MAA, Bunnori, NM, Megat Johari, MA (2013). Evaluation of ultra-high-
1.0 02 3 3 performance-fiber reinforced concrete binder content using the response surface method.
: ] - ] 0.0 - 7 % A 0.0 8o 8 0 Materials & Design, 52(0), 957-965. http://dx.doi.org/10.1016/j.matdes.2013.06.034.
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Fig. 6: Average mid-span deflections of beams before (CB) _ N _ _ _ reinforced concrete beams with a new green cementitious composites material. Composite
and after retrofitting (Type B) at failure load (40 kN) Fig. 7: Effect of retrofitting thickness on the deflections of beams at failure load (40 kN) structures, 142, 27-34. https://doi.org/10.1016/j.compstruct.2016.01.067.
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Fig. 2: New UHPFRCCs retroflttlng pattern [Type B]
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