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Figure 1: Proportions of HPFRCC constituents basedon previous studies and the average of reported values.
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Figure 4: Test setup and dimensions of ~ Figure 3: Test setup and dimensions/of Figure 2: Appearance of polyvinyl
the 160 x 40 x 40 mm flexural the dumbbell-shaped tensile specimen alcohol and micro-steel fibers.
specimen. (mm).
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the 25 x 150 x 1500 mm specimen.

specimen.

Tl gy -Y-1-Y

Sl e Wi S 3 udtans LRAS 90)] Cow LY b e 5l S s aiged aw [YY-YA] axl e Gllas

s, J]OQ%‘ ST et el 0ol ools HLas VS (o diged yo Jioail e LS Las&bﬂ 5! odwlCawad O S — S
W6 LS|~ )b aShcwl ol Silo mls cul o955 Sl CojeelS slodd g sooe il Jow )0 Slohg Couonl 3l LoiS
32 JB Gl b aai)le gRoss 4 SGop s 69 ,5es (W20) Coigiwy aoyo Yoo gyl LIS 7,k 9 (WO) cosgnYy
g oo 0dplive diged ilS Ceoglin (ralS CodgiwYs as, 0 VO U O 0355 cogase

-1

Stress (MPa)
=)

L= L ST ¥ T SN ]

W20-1 1279 Wi15-1
11 A WI15-2
10.4 WI15-3
g [ leal
— 8
I+
&7
z
7 5 |
g -
w4
3
2
1,
0 4 T T T 1
1 2 3 4 0 1 203

Strain (%j

Strain (%)

4

12
11
10

-1 oo Do

Stress (MPa)

=T R PSR

Strain (%-)

Strain (%)

W10-1 12 4 Wi5-1
W10-2 11 Wi5-2
W10-3 10 4 W5-3
—TIdeal 0 —]deal
- 8
]
S
— fy
] 5
g -
w4 A
3
2
l p
0 1 2 3 4 0 1 2 3

Stress (MPa)

12 4 Wo-1
11 Wo-2
10 Wo-3

9 —]deal

8 4

? 4

ﬁ 4

5 4

1

3

2

1 1

0

0 1 2 3

3 4
Strain (%)

oS 5 s sl JTow! SO0 ol o 4y i S Cod S Lo Saaigo3l 45,5 s loges ¥ S5

Figure 7: Stress-strain curves of the dumbbell-shaped specimens under direct tension, together with the idealized

curve, for'the five mixtures.
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Figure 8: Stress-displacement curves of the 160 x 40 x 40 mm prismatic specimens under flexure for different
wollastonite replacement ratios.
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Figure 9: Load-displacement curve from the flexural test.
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Figure 10: Load-displacement curve of the specimen reinforced with two 8 mm diameter GFRP bars and
dimensions of 25 x 150 x 1500 mm.
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Figure 11: Idealized compressive stress-strain curve and appearance of a specimen.

5 ol 39958 (loww Jolts oaiaige o yile 18l pa ol o as w@alllas 3,90 HPFRCC  SilSe o Slas

ol 35l95° )39y (SO p Sl g (omrliw 99350 (Vo cflad 5 AL L oS G le VL o515 &S Jo o el 5165 509

Sl s 4 caigia¥s aled oo sl 1) iclae  Suibicdet” Gl aaile asginy 3938 S oo cpaoli |, 4l Cnglie

Sl 3 JLS 50 oauay () Lfy-yal WS (oo SaS LS il S5k 4 g.00,5 Jes 0aliS sy, S lsieds 053 (g

$osRl S plsredy Codgia¥y (alpln g e alh aigel arCiad b @SS 5 (i e JWSl 4 eie (Dl jas
LRV F ] slco JaoSS 1) Slowm (o sile (515 6lo Sing cpitan S0 Shos Sgup (pod 45 A4S o Joe (60 a0

goas asllla —Y-¥

s p 3 i aloul ABAQUS sgame olall l53le 5 51 solitul b gaios ol ) Sayal b Julos 5 sooe aslllas
Oyge 2Rislej] laosls b soue gl cmiwcoms § oo il oo [FY] oo b alfiolojldallas j Jol> mlus oy 5
el e Rlojl @mls b alie S| 5 00d iloand G )50 (SlorncuigelS GBE, wa al> e o 285
s onl 0 0,8 oy Sl anlllas G LB 3 HPFRCC (slaad g b oniicagii gehucs oy 5 513, celsl o 0ius

el o0 o 5 slojle 0, Shoe 5 GFRP (slas Koo ad cyaioman g slows o gl g/ aelies” Joli sla il )by 5T

l C’;eﬁ.’. > . . _Y_Y_‘

Slasein il dnwgs §ludnd riwions jslarady dFY] g 5o 0 ontiatl ) mhas (2 15 (g0e Joe o i ) 5o

&,lad Cooglie el oo ools Lz VY S [0 B leiSh (5,108 L o gladaii gz ied aej] plal bl g 5 duaie

00V s S Vg9 g5 5 5 ke 55 o ool o 5135 SISk FVIY 5 el o a8 S

Y Jguz j0 ol @l as al plosl e ojlasl 4 s Calus Judod (g0ae Joo GB35 qwyp jshaieds el KWL £ /Y

5 goae Judou 3l ol aiion 69, o |y Blbal (e e e YO i ojlail a8 oy lid gl pwy oSl 0als &)
S o mol 8 el slacols



P/2 P/2

s

™~— 278 (TOP)
++——T110@100mm C/C
~~—2T12 (BOTTOM)

P
-
&
v
4
4
4
-

300

P
P

15Q, 560 " 580 . 560 150,
L 2000 L
£ 7

CONTROL BEAM (NO CFRP)
LEY] g po i (61305 195041 L3 9 (oo pe adaio IY Sl

Figure 12: Cross-section and reinforcement details of the reference beam [43].
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Table 2: Sensitivity analysis results of ' mesh size for the reinforced
concretebeam.
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Table 3: Parameters of the concrete damage plasticity model.

viscosity ~ Shape factor (Kc)  Stress ratio (6b0/ 6c0)  Eccentricity (¢)  Dilation angle (y) (degree)
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Figure 15: Stress-strain curve of the
steel reinforcing bars
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Figure 14: Tensile stress-strain curve of
concrete.
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Figure 13: Compressive stress-strain
curve of concrete.
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Figure 16: Comparison of the load-
displacement curves.

Figure 17: Tensile damage in concrete.
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Table 4: Parameters of the HPFRCC plastic damage model.

viscosity ~ Shape factor (Kc)  Stress ratio (6b0/ 6c0)  Eccentricity (¢)  Dilation angle (y) (degree)
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Figure 18: Load-displacement curve of the 500 mm sheet bending test.along with the numerical simulation.
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Figure 19: Load-displacement curve of the 25 x 150 x 1500 mm sheet reinforced with 8 mm diameter GFRP
bars.
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Table 5: Designation of the beams along with thespecifications of the strengthening sheets.
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Figure 20: Details.of the numerical model of the strengthened beams.
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Figure 21: Load-displacement curves for beams S1'to S9.
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Table 6: Peak load of each beam (kN).

S9 S8 S7 S6 S5 S4 S3 S2 S1 oB
- - - - - 120.05
229.88 218.46 203 217.83 208.11 198.01 203.01 191.13 180.78
247.63 237.81 221.11 240.98 226.55 209.52 229.37 212.01 194.60
261.01 254.32 239.15 255.85 243.86 221.95 250.02 236.21 213.80
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Figure 22: Load-carrying capacity versus beam designation.
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Table 8: Energy absorption capacity (J) for each beam.
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Figure 23: Energy absorption capacity versus beam designation.
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