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Table 1: Mix proportions (%).
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Figure 3: Test'setuprand Figure 2: Test setup and Figure 1: Appearance of polyvinyl alcohol
flexural loading configuration dimensions of the dumbbell- and micro-steel fibers.
of the 25 x 125 x 500 mm shaped tensile specimen (mm).
specimen
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Figure 6: Idealized compressive stress-strain curve. Figure 5: Load-displacement curves of the flexural test.
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Figure 7: Reference frame [58].
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Table 2: Mesh-size sensitivity analysis results for the reinforced concrete frame.
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Table 3. Concrete damaged plasticity model parameters.

viscosit Shape factor (Kc Stress ratio (cb0/ 6c0 Eccentricity (¢ Dilation angle degree)
y p y ( gle (y) (deg
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Figure 11: Lateral cyclic loading protocol [58].
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Figure 13: Tensile damage of concrete in the tenth cycle and comparison with the experimental frame.
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Table 4: HPFRCC damaged plasticity model parameters.

viscosity ~ Shape factor (Kc)  Stress ratio (6b0/ 6c0)  Eccentricity (¢)  Dilation angle (y) (degree)
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Figure 14: Load-displacement curve of the 500-mm sheet flexuraltest and'numerical simulation.

o L olli o oue gilw oo -V-Y-Y

5 Gk sloo Kle Slastin b Jaaz lao .l ool plocl oadicg 9o M)Tw) SloolE soned Ll (oo cpl jo
235 13 Sl e i Ll 5o OB LS, B wad s S e po Lol sle it (lgieds (sl laad )y Culs
Jate 4ol JulS idgr e a5 Conl 00l (b SlaisSar yio doe Fo v glis )| b areslgipedl i @8T5 YAl 2> o axlllas
b Gollao copmimmon 3jle 03,900 55 1) (sloj ) &l yhe 10 zyoie (g due VO Sitadls Juato Job Blos el (Sl
Sl WL FRP  Sus game ol Job «Siwdl Jaie >y ,0 ACH440.2R-17 [YA] Jonljgis ;o ooissl )| sloarogs
$SaeS slal 4 4z b Lulul ol 205 el slo) ) Ol yhe @ilhas 1) giae Slmo 4l Jsb Jslas calel 3l as gt Gl
b B ot oLl e lee Fee b plpy Cugli 4ol gl )] (o los YO xTVB- ahade) yol> (gl )0 (owyip )90 Sladiged
&Sl oleawlils b sadscusts ol ogd pold Sodly Jade JSis Jore g gt b ol a4l ol
el oo BV S )0 cudsca sl slol goas oo Ol i> o por ag’aS wilouws

wyzge o g SRel Y (e oeled S, 5 HPFRCC allas (s jof )13, (gilodae Faze 4 azs L
& o 5o odbdll)] 0,5g, wlel  gile e ozl (iagh cnl jo el 185 lotig Coeal 5l goae Jo miwiods

\'Y



Jits aslllas g0 aKisle)l mls 5l eoliiel b gose Jow VY] am o j0 a5 canl 53 4 p3¥ o ools axwys [1Y]
285 18 eoliiul 5550 pol By (g30e Juw aswgs slp slatel BB sl plgie 4 g cnl 5l g Cenl sad (iwimo
sl Glol g sl 4l Cusis sl HPFRCC (6,554 j0 (sy5ly Judo 4 a5 o5 o)l wl oizeen
2l 1) B Gtz e (orieions sl ps¥ Sliz (bt o alie alRnlel glaools () )50 slacsi S
=l b sonengle Ll o sdelwsds cud b polie 5 L8, Wy, calio Gollas wgg cpl b ol dgamme (8 Slusl jo S

ol adlllas 550 pivcen s e L8, ilwans o Jow caslio CoblB Sl i Sladllas o oall 5158

w55 i 0 HPERCCIWY 5 35590 o o JolS Jlasl (5,8 [0V 48 N Y] ol @y sbial U pol> gy o
@Y Jlasl (@8loiny 0o piaamw 50 00,8 Jlasl wled mlhaw jo «Tie» o3 5l oolatul b goae Jow ;o byl ol 5 o
the 53 5 Sielie J oS S5 o s o, 5 Sl iz 5| ploja ooliind )b o525 5% & HPFRCC
Stz sboossafl pMFF] o il s opdle wiloyo Bl a1, o b 3580 Lozl 5 00,8 uals | oS s
ke ;0 HPFRCC Y 5 0s20 &0 oo JolS Jlasl (5,8 g, 0nl3l .anlos,S owls Iy Jlas] s () cslie o Slos
D i85 L 58 S92 g0 ()25 Wl b Glaie g 4 gs BB ol gl (soue

Embedded Region o3 ;i ¢ ygumlaiss s 4 oyl Jlasl 5.5 g HPFRCC (35,9 y9,0 GFRP slas Sl (65w Joe 51y
JGl 5 o0l aude yguwlaigd s gt HPFRCC! s jile o JulS & jgods oo Ko a5 glaisSay i oolaiwl Abaqus loe o
2led ANSF) x50 S L osiiza sy @lacls 385 anslin joliteas 05d 00 a3 S S5 50 a2 )LSs &g Loyl o A5
Sl goas Jdog o wilas S 15 GRS alRal] wiged )d oadind et i a4 Goee, U o Jos
Sloddyg Jsb uizman 5 laad g 1o outapsd GFRP (slas Sl (15 5 slows o sl 485 Ceabies ol Lol (slo it o]y
s Gpeligd 4 (gt b Jlasl Gl am b 5o (@585 slaad )y sl ool w8 S Ll 0 OB gt b a4l o (hls
O S 4l 5o sl sy Jsbo Ll cnl 53 STl Tign ) 3590 OB sloj) L8, dgue » laesT 3T b ailens
99 3 OB 6 IS 5 (e b S )b sl Job il e b ol ok ool pis Spall g0

ol s Lo 5 il 48,8 L e ol ol slo iy s cllime clasiiie (B oo slal o Joe oled 4o
B 5 55 g a5 e (slocualins b syl slools opSle Gy ilond 00 e (B s b Lacs
saS glacabies 5l oslitul Jlo ol b 55 o wogmme axlllas iyl loliBlanl ety ol 1o oo Shoo canlin slails Sl
VY 51 sl lad b GFRP slas Slio 3,90 55 oyt w5 s ool [, 1 KLl sl iy (sl (Il oo Y+
G5 Fraches 00 3l L Calo b (o jemlS slaadyy ol [FY-21 07 0] gii cldlhe o K o 3yt s

Sy90 M)Tuu s_:l.‘) UW L;L’ CA}.O.) t_g‘)" ).».AGL.A Yo 9 A E 99 L> G».:}.o.: 6LQ43)3 J»al.> u,.&s).: o sw‘)_\L».i R PR WA
s 5 )5 elia

(g5 ad jg Olasiw ol o a3 OB (5,135 6L :0 Jgus

Table 5: Frame designations and specifications of the strengthening sheets.
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Figure 17: Comparison of load-displacement curves for the strengthened and reference frames.
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Table 6: Maximum lateral force of each frame (kN).
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Figure 18: Tensile damage in concrete and strengthening sheets at the tenth cycle for the frames: (a) T35N4G12,
(b) T35N4G10, and (c) T25N4G12.
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Table 7: Energy absorption capacity of each frame (J).
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Figured9: Load-bearing capacity by frame designation.

9000 -
8000 - “os0s Thaa7s 424083 7309.38 743663 7520 7574.31 7645.25
7000 -

6000 45445.63

5000 -
4000 -
3000 -
2000 -
1000 -

(J53) &35 2dz ood)bo

Q Q

6\"1« 6\'1» D‘G\Q R 6‘@ 6\']» 6\%

AN N
T O O O
«ﬁé &“5\& &'f;é &"f’é &’L‘Sé {,;;é &"f}& «3"%

LolB (5 Lais ! Bl o 32 (5551 odor g b ¥+ JSC

Figure 20: Energy absorption capacity by frame designation.
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Figure 21: Lateral capacity enhancement index by frame designation.
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Figure 22: Absorbed energy evaluation index by frame designation.
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