
• CARDIFRC strip [1] and GUSMRC strip [2-3] 

bonding systems of UHPFRCCs have been 

successfully utilized for RC beam retrofitting 

owing to their high compatibility with the parent 

material of damaged reinforced concrete beams.

• Despite improvements, some of the retrofitted 

beams experienced sudden shear failure due to 

mid-span over-strengthening, attributed to the 

high strength of materials and the used retrofitting 

patterns of GUSMRC [2-3] and CARDIFRC [1] 

To develop a new retrofitting pattern using the 

UHPFRCCs strip bonding system to prevent sudden 

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 

proposed pattern in Fig. 8 to further enhance 

flexural failure and capacity.
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Fig. 2: New UHPFRCCs retrofitting pattern [Type B]

• The shear failure possibility for Type B 

retrofitting was 0.0% (Fig. 4).

• Type B retrofitting increased the failure load 

by 24.37% to 38.39% (Fig. 5).

• Average mid-span deflection of Type B 

beams at 10, 20, 30, and 40 kN was 21%-

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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Fig. 1 : Reinforcement details of control beams (CB). 

In this study, 18 CBs were cyclically loaded at different 

levels (25%, 50%, and 75% Pu) to analyze flexural 

behavior (Fig. 1) and then retrofitted with 16 mm and 

20 mm UHPFRCC strips (T16 and T20) using the new 

UHPFRCCs configuration (Fig. 2).

Fig. 4: Crack patterns of retrofitted beams at different damage stages: (a) Stage I - micro-cracking, (b) Stage II - first 

visible crack, (c) Stage III - flexural cracks, (d) Stage V - localized damage, and (e) Stage VI - failure [Load is in kN, 

distance in mm].

Fig. 3: Crack patterns observed in damaged CBs at failure load  [Load (kN), Distance (mm)].

In this study, the flexural and shear behaviors (Figs. 3 and 4), flexural capacity (Fig. 5), 

deflection capacity (Fig. 6 and 7) and damage rating (Table 1) of the 18 RC beams before 

and after retrofitting were evaluated.
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Load level Control Beam (CB) Retrofitted Beam (Type B)

10 kN
(wmax)avg ≤ 0.1 mm ---

A very slight damage No -damage

20 kN
(0.1 < (wmax)avg ≤ 0.3 mm ---

A slight damage No -damage

30 kN
0.3 < (wmax)avg ≤ 0.5 mm (wmax)avg ≤ 0.1 mm

A moderate damage A very slight damage

40 kN
0.5 < (wmax)avg ≤ 3 mm (wmax)avg ≤ 0.1 mm

A severe damage A very slight damage

100%Pu
0.5 < (wmax)avg ≤ 3 mm 0.5 < (wmax)avg ≤ 3 mm

A severe damage A severe damage

Table 1: Damage rating at various load levels for all beams based on 

tolerable crack width limits [ACI and ICRI, 2008]

Fig. 6: Average mid-span deflections of beams before (CB) 

and after retrofitting (Type B) at failure load (40 kN)
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Fig. 5: The average failure load of beams before (CB) and 

after retrofitting (Type B)
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Fig. 7: Effect of retrofitting thickness on the deflections of beams at failure load (40 kN)
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Fig. 8: Recommended UHPFRCCs retrofitting pattern [Type C]
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