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Table 1: Frame details
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Figure 1: Frame geometry and reinforcement details (mm) [18]
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Figure 2: Reinforcement details of the cross-sections (mm) [18]
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Figure 3: Loading setup of the GFRP-reinforced concrete frame [18]
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Table 2: Mechanical properties of the concrete modeled in Abaqus
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Table 3: Mechanical properties of steel and GFRP bar modeled in Abaqus
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Figure 4: Comparison of the numerical’'and experimental lateral load—drift curves

S, Mises
(Avg: 75%)

+1.088e+01
+9.973e+00
+9.066e+00
+8.159e+00
+7.253e+00
+6.346e+00
+5.440e+00
+4,533e+00
+30626e+00
+2.,720e+00
+1.813e+00
+9.066e-01

+0.000e+00

Y
z Loy
g1 50 o Juo B y0 i 5gulS 9 IS8 5eilo N0 JSCi

Figure 5: Reinforcement layout and stress distribution in the frame modeled in Abaqus
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Table 4: Designation of the studied RC frames
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Figure 6: Lateral load—-drift responses of RC frames reinforced:with steel, GFRP, and hybrid bars
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Table 5: Comparison of the maximum lateral load and corresponding drift of RC frames
reinforced with steel, GFRP, and hybrid bars
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Figure 7: Lateral load—drift responses of RC frames reinforced with steel, AFRP, and hybrid bars
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Table 6: Comparison of the maximum lateral load and correspending drift of RC frames
reinforced with steel, AFRP, and hybrid bars

Plio o Ol ol > (ilr (58

ol
(o y0) (P g o)
Y/aA AEIVA CSBS
YIAA AY/YY CSBA
Y/04 YYNE CABS

Y/04 YA/OA CABA




Ailigze CCBS CSBC 55 slals  CFRP sla ,g5le,T L srlace GB L a0 G auslie o(A) IS 50 o0 a8l)| ol
o OB e CCBC o)l oy B jo iSlas bl (g9, (Jg Sl (LS (S0,95 S5 alasd B lacls pled adgl idew
axg5 b abbge ytin o p0 FYIYO de,l 0 Ol 4 s 5 yiion 30,0 YYITE g 0o )0 YAIRO ol s 4, CSBC 4CCBS Sy
CCBS L & s CFRP L s 0 0B jo S los bl (59,0 b bl cond (olals olime (V) Jgaz 10 oo a8l ol
D95 oo 0adlie Lial38l 0,0 YYIVY g \VIYE 55 4 CSBS 3 CSBC (slacls 4y s g 0o ,0 VYIAY

(Cho 5h9) (o g

(48 _) gl (en i

CFRP ,5L0,1 b (o8 5 OB g a0, o B 40t gl juadd _ (il (5905 510903 Lo 1A JS

Figure 8: Lateral load—drift responses of RC frames reinforced with steel, CFRP, and hybrid bars
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Table 7: Comparison of the maximum lateral load and corresponding drift of RC frames
reinforced with steel, CFRP, and hybrid bars
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Figure 9: Lateral load—drift responses of RC frames with steel, GFRP, AFRP, and CFRP bars in the beams
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Table 8: Comparison of the maximum lateral load and corresponding drift of the RC frame and
hybrid RC frames with different types of FRP bars in the beams
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Figure 10: Lateral load—drift responses©f RC frames with steel, GFRP, AFRP, and CFRP bars in the columns
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Table 9: Comparison of the maximum lateraldoad and corresponding drift of the RC frame and

hybrid RC frames with different types.of- FRP bars in the columns

SBloe (o (0 i S Tos ol g0

ol
(ao,9) (& 90 ob5)
YIts VY5O CCBS
Y/AA AFIVA CSBS
/64 VYN F CABS
g SYIVE CGBS

el s L 5 o e 3 o (s ol (535 i ) a5 AT 33 oo ks
i e L Bl ol ol 55555 g MBS i 5 ] S g 5 o5 ol o1 S 5,
5 0092 S9ae g S s i 0 Job (slg5lel ot al> 0 0l 53 058 g0 J S 03,08 s MTE S o s ablie
35 oie adl it (s loline 3t (FRP L s3¥58) 55lel (605 50 Jomal 95 5 gl

el 53 Jsbo (sl 3l ot 5 03,5 kS i ;3 5 595 e (F)55S F by 5 Stk 03905 48iling o b
o3l Gely 33 (g BB il g by 50 (T iRl s g 5oyl apniia¥l Jgio wal o ol )0 il oo BB 205 S
e P GalS el 0V e84 Cod Jml Al Jone o 4 e s g0 AFRP 3 GFRP las XLk 5 oozl .o )l
Sk Sedb el 5o oS ki g (Blie 5o enl 0ad QB (s (00 i (Bl a0 5 (59,555 5 G Lacl Bt
wrge FYb ¥l Joso S 4 by ;0 CFRP (glas Sl (625,54 5 0ijlo OB IS5 (S p30l5 J 288 5 gles
35,5 g s 510 il 8 s I Sl 5 5 (o e 0 3 Dt (s e G



SOHPS P guyp Y-V

PE Max pseie 3o,k 5l olg oo Lol g Gl oy 0sd el Joo 5l lasites (ylg5 sod |y (st slaojles 1o (59,55 5 ax )31
15 Saiadly L1545 amo e ¢y ey CenS b 50,55 S 5 eimlasl 0l 10,5 ol (St Lol 15,5 ,iSTas) \Principal
w5 T o a5 e oy lolis sl 6 lone lsicas PE MAX « usSLT 38l 5 10 as s 955 e 53STa 4 ol (glasml
(oS Sy Olas b goles o SCaldy gl 155 0,5 o )38 colail 5,50 w0 )lo 3529 (505 S5 Jlaiml g Sl id,S
(5Ll Gla g st ;5 Wish oS 5 (5,28 | g9, el atilgi oo g sy 0 S ¢ it D (sl b Jlail bl asile
S oo Wl ot G5 )T (35S s 5 ST £9,5 LB (s 61y PE Max

2 AFRP 5L, TL oadiglos (2 OB 5 a0l o2 OB 5 0nd (i (So05% S5 s iy 4 ON) 5 O0)) U 50

ol o ools HLas pnd e et iy 50 e Sl ST 13,5 29,5 bl

PE, Max. Principal

. PE, Max. Principal

(Avg: 75%) (Avg: 75%) P PE, Max. Principal

+2,904e-02 (Avg: 75%)
+2.662e-02 1390802 ] +2.904e-02
- +2.420e-02 3 - +2.662e-02
- +2.1786-02 +Rd20e-02 +2.420e-02
+1.936e-02 +2.178e-02 +2.178e-02
Ry +1.936e-02 +1.936e-02
+1.452e-02 +1.694e-02 +1.694e-02
+1.210e-02 +1.452e-02 +1.452¢-02
FL2n0m0z +1,2108-02 +1:210e-02
+7.261e-03 +9.681e-03 - +9.681e-03
840003 +7.261e-03 +7.261e-03
- 42.420e-03 +4,840e-03 . +4.840e-03
+0.000-+00 *+2.420e-03 4z 4z0e08
' +0,000e+00 +0,000e+00

LY g S S LY s S s TN g S s

PE, Max. Principal
(Avg: 75%)

PE, Max. Principal
(Avg: 75%)
- +2.904e-02

15 6626-02 - +2.904e-02
- +2.420e-02 S8l 02
#2.420e-02
+2.178e-02 - +2{178e-02
+1.936e-02 +1.936e-02
- +1.694e-02 - #1/694e-02
+1.452e-02 #1.452¢-02
+1.210e-02 +1.210e-02.
- +0.681e-03 +9.601e 09
+7.261e-03 +7.26 16
- +4.840e-03 - +4.840e-03
_ +2.420e-03 - +2¢420e-03
+0.000e+00 gprocoe+ip

TEIN oo S s 1Y LS Sagnis
Alisn s SO yrdd 30 a0l oy S 50 g 3o Siaadly (5 ) S
Figure 11: plastic strain distribution in the RC frame at different driftdevels
i Gl b Ll s o lis 9e5 51 SVl LS, Boes o3l g 0yl soS polie Saldl 1555 s )l ,L olal ol o
onl 5o 0,000 YU g ,05 4 PE Max 5 asl iol58l ojle slacl jo Satadly (25,5 o« SetwWhatd Ll 5ol s slo) e
Sl ymdd )0 «Zuled 58 35800 Sl (Jlom (g )3 Fidn S slati)S g oad i [l 3)lg o5l (lacl al> 5

b oo il o3l )3 odee (sla 50,95 S 5 989 Jleil g duwy (g0 993 iSTa 4y Sl (Sl Bl 5 8L oo

' Maximum Principal Plastic Strain



PE, Max. Principal PE, Max. Principal PE, Max. Principal

(Avg: 75%) (Avg: 75%) (Avg: 75%)
+9.0888-03 +5.6046-03 +2.963e-03
+8.330e-03 12137603 +2.716e-03
+7.573-03 4 5700.03 +2.469¢-03
+6.816e-03 4 203803 +2.222¢-03
+6.058e-03 +3.7366-03 +1.975e-03
+5.301e-03 1325003 +1.7280-03
+4.554e-03 +2'802e-03 +1.481e-03
+3.787e-03 +2.335e-03 +1.235e-03
+3.0296-03 +1858e-03 +9.876e-04
+2,272e-03 +1.401e-03 +7.407e-04
+1/515¢-03 49 3408.04 +4,938e-04
+7.573e-04 +4.5708-04 +2.469€-04
+0.000e+00 0 000e+00 +0.000e+00

Y Y Y
z ‘; z 4 z ';
INI0 S e i ARSI LR, Tl o S i

PE, Max. Principal

PE, Max. Principal (Avg: 75%)

(Avg: 75%) +1.198e-02
+1.599e-02 +1.098e-02
+1.466e-02 +9.984e-03
+1,332e-02 +8.985e-03
+1.199e-02 +7.987e-03
+1.066e-02 +6.98%-03
+9.327e-03 +5.990e-03
+7.994e-03 +4.992e-03
+6.662e-03 +3.994e-03
+5.330e-03 +2.995e-03
+3.997e-03 +1.997e-03
+2.665e-03 +9.984e-04
+1.332e-03 +0.000e+00
+0.000e+00 v

e 2

TYIN i O s 1Y o S0y

Figure 12: Plastic strain distribution in the AFRP-reinforced concrete frame at different drift levels
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Figure 13: Plastic strain distribution in the CFRP-reinforced concrete frame at different drift levels
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