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Flexural Experiments on Reinforced Concrete Beams Strengthened with SHCC
and Special Reinforcements

Chang-Jin Hyun', Ji-Seok Seo”, Yun-Yong Kim®*

Abstract: In this paper, we evaluated the flexural performance of three types of reinforced concrete beams (SHCC-RB, SHCC-SB, SHCC-FRP)
strengthened with ordinary steel rebar, very high strength (super strength) rebar, and FRP bars together with strain-hardening cement composite
(SHCO). For this purpose, a series of beam specimens were manufactured and four-point load bending experiments were performed. As a result of the
experiment, all specimens strengthened with SHCC exhibited tightly controlled flexural microcrakcs with the crack width of less than 100 um. This
is mostly due to the material properties of SHCC showing tensile strain hardening properties with multiple microcracks under uniaxial tension. The
specimen SHCC-FRP showed lower initial cracking moment and yield flexural strength than SHCC-RB, whereas the maximum flexural strength of
SHCC-FRP was superior to that of SHCC-RC. This is because the tensile strength of FRP bars is higher than that of ordinary steel reabr. The initial
cracking moment of the beam specimen SHCC-SB was similar to that of SHCC-RB, but the yield flexural strength and maximum flexural strength
of SHCC-SB were evaluated to be the highest.
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Table 1 Properties of special reinforcements

Reinforcements  Yield strength (MPa) Elastic modulus (GPa)
Super strength rebar 1,200 200

FRP bars 500 50

stress Super strength rebar

/ stress.

/ concrete

-

V74 strain strain

Fig. 1 Conceptual stress strain curves for concrete, ordinary rebar,
super strength rebar and FRP bar
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Table 2 Properties of reinforcing fibers

Thermal Tensile  Young's

Ingredient D(;IHTI:I;Y L?;f)th Dl"z'znjter Tf::;(;it Meltl(r:g)Pomt Decomposition ~ Strength  Modulus Elor(ﬁa)tlon Re?ili(tzlrice
o ()
©) (MPa) (GFa)
Polyvinylalchol I .
1.3 12 39 Oiling Agent 170 263 1,700 29.4 3~113 High
(PVA)
Table 3 Mixing proportion of SHCC
W/B S/B Slag/B FA/B HPMC/B SP/B PVA fibers
(Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (vol.%)
45 83 20 20 0.22 0.14 2
Table 4 Specimens of Strengthened RC Beams
Specimen Reinforcement Main fox fy
P materials reinforcement (W)~ (MPa)
. D13
RC-P Plain (SD400) 35 400
SHCC + D13
SHCC-RB Reinforcing bar (SD400) 35400
SHCC + super D10
SHCC-SB strength rebar (SD1200) 35 1200
SHCC +
SHCC-FRP FRP bar D13 35 500
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(d) SHCC placing in field

(c) Construction joint

Fig. 2 Specimen preparation (SHCC Series)

Load

L

| 300 mm ‘
I 1800 mm ‘
2000 mm

Fig. 3 Specimen geometry and loading plate
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Fig. 7 Typical load-deflection relations at midspan
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Fig. 8 Typical Moment-Curvature relations at midspan
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Table 6 Test results of each specimen

Table S Test results of each specimen

Specimens M, M é'lfl % | AL :
(kN'-m)  (kN-m) (mm™) (mm™) (KN-m)

RC-P 10.73 2.10  2.98x10° 1.69x107  30.70
SHCC-RB  13.88 233 3.46x10° 2.25x107  35.70
SHCC-SB  14.22 229  3.85x10° 2.63x107  33.25
SHCC-FRP  12.71 2,18 3.52x10° 2.33x107  32.04

* Equivalent stiffness after first crack £I, = (]L{/ — M, )/ (4{,/ - ¢Cr)

Concrete crack

Reinforcement yielding

Maximum load

Specimen Load Displacement Stiffness Load Displacement Stiffness Load Displacement
(kN) (mm) (kN/mm) (kN) (mm) (KN/mm) (kN) (mm)
RC-P 5.60 0.78 7.18 28.62 10.35 2.76 30.92 23.70
SHCC-RB 6.20 0.84 7.38 37.03 11.19 3.30 39.01 23.48
SHCC-SB 6.10 0.84 7.26 37.92 12.66 2.99 41.60 20.73
SHCC-FRP 5.81 0.80 7.25 33.88 15.21 222 40.94 32.40

35t =2F| H273 F13(2023. 2)
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Fig. 10 Predicted Load-deflection curves at midspan
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