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4.2.1. £HB B3 AE AT

ZRAAA7|EZ}E ¢ fck=18.0MPa, Fy=240.0 MPa

2 9 E(kN-m)
5 A 3 W 24 Ef M Ma 52H] H7k v 1
(M/Ma)
o 2R D10@150 3.22 6.63 0.486 0.K
oty 3%
=12l (Lx=2.25)| TI4* D10@150 2.21 6.63 0.334 0.K
o o D10@150 3.67 6.63 0.553 0.K
=120) (Lx=2.4) | T4 D10@150 2.52 6.63 0.380 0.K
o 28 D10@150 3.98 6.63 0.600 0.K
SN
(T=120 (Lx=2.5) | =4 D10@150 2.73 6.63 0.413 0.K
4.22. B EA AE A}
ZRAA7)EE ¢ fck=18.0MPa, Fy=240.0 MPa
X2 b E Ao
H = il pl
CR pes M T Ma | S@N | 30V [ val g=q 2
(kN-m)|(kN-m)| (M/Ma) (&N) | (kN) | (V/Va)
B 5-D19
9G] o 9-D10@200 | 100-9 | 1440 | 0700 |OK| 749 | 183.1 0.409 |0O.K
(350%800) | = oy 1 5-D19
T | 9Dlo@200 | 928 | 1440 | 0366 |OK| 41.8 | 183.1 0.228 |0.K
e 2-D19
9G2 o 9-bl0@200 | 82 31.4 0.260 |O.K| 15.8 | 100.0 | 0.158 |O.K
(350%450) | = oy 1 3-D19
9% | oDio@z2oo | 49 47.2 0.104 |O.K| 11.1 | 100.0 | 0.111 |OK
o 5-D19
9Bl oy 9-Dlo@200 | 742 | 1047 | 0709 |O.K| 73.9 | 134.1 0.555 |0.K
(350%600) | = o111 3-D19
T | o-D1ro@200 | 872 | 649 1.344 |N.G| 43.9 | 134.1 0.319 |0O.K
e 5-D19
9BY o 9-Dlo@200 | 907 | 948 0956 |O.K| 77.0 | 1206 | 0638 |0OK
(350%580) | =y 5-D19
T | 5 pro@ooo | 736 | 94.8 0776 |O.K| 51.7 | 1206 | 0.429 |0O.K
& 5-D19
9611 oh 9-plo@200 | 101.9 | 1440 | 0707 |OK| 88.1 | 183.1 0.481 |OK
(350%800) | =y ma 5-D19
T | o plo@2oo | 892 | 1440 | 0592 |OK| 50.0 | 183.1 0.273 |0OK
5-D19
]_l:l
BRI B | 5 Dlo@2oo | 938 | 1440 | 0651 |OK| 983 | 183.1 0.537 |0OK
(350<800) | = o1 5-D19
T | o-p1o@200 | 160-2 | 144.0 1.112 |[N.G| 53.6 | 183.1 0.292 |0O.K
5 5-D19
P ISa 0-D1o@200 | 100-9 | 1440 | 0700 |O.K| 853 | 183.1 0.466 |0O.K
(350800 )| = oy 1 5-D19
T | oDlo@200 | 856 | 1440 | 0594 |OK| 55.0 | 183.1 0.293 |0OK
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‘E‘ Eﬂﬂ‘r”ﬂ ‘1111]%_1 T o H
T G e e ) (N) ek
2F 380 600 3,400 47.90 130.97 0.366 0.K
W1 SAY
1F 380 600 3,700 140.50 129.73 1.083 0.K
. 2F 340 4,500 3,400 129.00 867.58 0.149 0.K
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. 2F 100 7,400 3,400 264.00 1104.41 0.239 0.K
1F 100 7,400 3,700 764.00 1082.53 0.706 0.K
424, EZEZ A AE A3}
T
— \"\?\ﬁ:‘m\\
f , 3 N 2 =
1 N /'_i//;/ 3 Kﬁ“‘:w\;*"\\
~_ | = \‘\Flf ” —_— LI,J ul‘::\n e -!
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ol

>

H

F.= 45MPa, F, = 3.5MPa, F,= 4.5\Pa

=7] Gum) P M 4= A &
H e o) H
e 5 O | ) | G | G |Gy el e
] 2.14/4.5 - 9.05/4.5
Lk 90 | 180 | -34. i 2.488 | N.
37 80 | -34.70 0 - S 88 | N.G
- - 2.58/35 | 0.82/4.5
a4
ska 90 | 180 | 41.80 | 0.10 - o S| DU | @K
$44 © | 180 | 90 | 14.60 - - 0'5)%37'5 - 0.257 | OK
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A -
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A e oy e G G | G sElE ) R
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2}z 1 0 | -50. : 1.002 | N.
FEA) 00 | 20 50.68 | 1.32 e — i 00 G
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std . : . !
ta A 90 | 190 | 44.78 | 0.82 — S Sa3s ] 1:086 | NG
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FAA © | 180 | 90 | 16.0 . == — 0.726 | O
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HA 90 | 90 8.6 558 — - 0.212 | 0O.K
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1. Geometry and Materials

Design Code : KCI-USDOS (Build.) ——
Stress Profile @ Parabolic e
Material Data : fx= 18 MPa (B = 0.850) ‘ i
f, = 240, fx = 240 MPa s ‘
Section © 600 * 350 mm = ‘
Top Bar (Layer 1) : 3 -D19 (dr = 60 mm) ‘
Bot. Bar (Layer 1) : 3 - D19 (ds = 60 mm) sl
Stirrups : 2-D10 @ 200 3'1_
350
2. Strengthening Materials
Location Wi (mm) Teee(mm) frr (MPa) EFR*, Allow Reduc.F(B)
1 350 0.334 3481 0.015 0.7639
3. Member Force and Moment
-. My = 1385.0 kN-m Vo = 54,0 kN
4. Check Tension Reinforcement
= As = S(AcatArn *(f-pp/fy)*B) = 2155 mm?
= A = Z(Aw) = 860 mm*
=. 'ds = (As*Zd::)/’(Aﬂ:) . 24 mm
—.d' = (Ad*Tde)/(AsY) = 60 mm
= id = H-d. = 576 mm
—. Asmini = (0.25+f/1,)*Bd = 891 mm¢
= Acrinz= (1.4/f,)*Bd = 1176 mm’
—. Aerin = Max[Acnmint, Asnin2] = 1176 < 2155 mm?....... O.K
—. Pt = 0.85B-(f'c/fy)*B600/(600+f) = 0.0387
—. fs' = 600 - d.'/d'*(600+fy) = 506.7 MPa
—. fs = Min[fsx', f] = 240.0 MPa
= Avme = 0.75pe(H-d)B+A *fw/fy = 6712 > 2155 mm? ....... O.K.
5. Bending Moment Capacity - Before Strengthening
—. Neutral Axis Depth & = 56 mm
—. Compression : Concrete C. = 246.1 kN
—. Compression : Rebar C. = 0.0 kN
—. Tension . Rebar Ts = —-246.1 kN
—. Strength Reduction Factor ® = 0.800
—. Design Moment Strength OM, = 97.2 kN-m
—. Strength Ratio Mo/OM, =1.389 > 1.300 ....... N.G.
T e B
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6. Bending Moment Capacity - After Strengthening

—. Neutral Axis Depth c = 85 mm

—. Compression : Concrete Cc. = 377.3kN

—. Compression : Rebar C: = 139.9kN

—. Tension  Rebar Ts = —-206.3 kN

—. Tension : FRP Ter = —310.9 kN

—. Strength Reduction Factor ® = 0.900

—. Design Moment Strength OM, = 248.3 kN-m
—. Strength Ratio @ My/OMn, = 0.544 < 1.000 ....... O.K.

7. Check Strain in FRP at Required Flexural Strength

—. Design Moment Strength  ©®M, = 135.0 kN-m

—. Neutral Axis Depth c = 102 mm
—. Strain in Concrete e. = 0.0008
—. Max. Strain in FRP ewe = 0.0040 < empaw =0.0150 -———> O.K.

8. Check Shear

—. Strength Reduction Factor @ = 0.850

-. Ve = 1/64TBd = 133.6 kN
-. Ve = Afd/s = 92.4 kN
- OV,= O(VeHVs) = 1922kN > V, = 540kN --—> OK.
Lo = - 08 —
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1. Geometry and Materials

Design Code : KCI-USDO03 (Build.)
Stress Profile : Parabolic
Material Data : f.= 18 MPa (B = 0.850)

fy = 240, f. =240 MPa
Section : 800 » 350 mm
Top Bar (Layer 1) : 3-D19 (dr =60 mm)
Bot. Bar (Layer 1) © 3 -D19 (d3=60mm)

2-D19 (d3=110 mm)

Bot. Bar (Layer 2) :

24 &

M

Do A2l
2 AELIAUALCE.

H BEUA T

r

800

e

Stirrups 2 -D10 @ 200 4 350 *

2. Strengthening Materials
Location Were(mm)  Trre(mm) free(MPa) SFRP, Alow Reduc.F(B)
1 350 0.334 3481 0.015 0.7639

3. Member Force and Moment

-. My = 203.7 kN-m Vu 86.0 kN
4. Check Tension Reinforcement

= A = Y (AvatArpx(fere/fy)*B) = 2728 mm?

- A = Z(Abar‘) = 860 mm?

=, de = (As*cht)/(As) = 42 mm

-, de = (Asl*zdc;)/(Ael) = 60 mm

=, d = H-dc = 758 mm

= Asmwﬂ = (OzSﬁ/f;)*Bd = 1172 mm2

=, Asqinz = (1 4/fr)*Bd = 1548 mm2

=, Asmin = Max[Asmini, Asminz] = 1548 < 2728 mm? ....... O.K

-.po = 0.85Bi(f'c/fy)*6800/(600+%) = 0.0387

- fu' = 600 - d.'/d'*(600+f;) = 531.9 MPa

- fu = Min[fs', f,] = 240.0 MPa

=, Asmax = O.?SOD(H_d:)B+ASI*fsb/f? = 8581 > 2728 mm’ ....... O.K
5. Bending Moment Capacity - Before Strengthening

—. Neutral Axis Depth c = 67 mm

—. Compression : Concrete C. = 297.6 kN

—. Compression : Rebar Cs = 46.2kN

—. Tension : Rebar Te = —-343.8 kN

—. Strength Reduction Factor ® = 0.900

—. Design Moment Strength OM, = 212.6 kN-m

. Strength Ratio @ M,/®M, = 0.958 < 1.000
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6. Bending Moment Capacity - After Strengthening

—. Neutral Axis Depth c = 105 mm

—. Compression : Concrete C. = 461.4kN

—. Compression : Rebar C: = 193.5kN

—. Tension * Rebar T: = -343.8 kN

-. Tension I FRP Tre = —310.9 kN

—. Strength Reduction Factor ® = 0.900

—. Design Moment Strength OM, = 418.0 kN-m
-. Strength Ratio : MJ/®M. = 0.487 < 1.000 ....... O.K.

7. Check Strain in FRP at Required Flexural Strength
—. Design Moment Strength  ®M, = 203.7 kN-m

—. Neutral Axis Depth c = 209 mm
—. Strain in Concrete e = 0.0005
—. Max. Strain in FRP ermp = 0.0013 < empar = 0.0150 -———> O.K.

8. Check Shear
—. Strength Reduction Factor ® = 0.850

- Ve = 1/64f.Bd = 178.2 kN
- Ve = Afyd/s = 128.3 kN
- OVi= O(V+Vy) = 2662kN > V, = 86.0kN ---> O.K
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=3.5NMPa, F,=4.5MPa

]

% 1.57/4.5 = 1.25/4.5
’FaA 100 | 200 | -50.68 1:32 0.32:9 - 0.2{78 0.627 | O.K
sta A 90 | 190 | 44.78 | 0.82 = 15?12355 0522455 0920 | OK
- MEN 2EEY BELF)-
1A
1-1. 28
1=2, HAZ (Fo): PIEZAE (Ft)
ST (Fs); 2EAT (Fo):
1-3. B (B): & (H):
HAX
-4, ®HIO: m (ST HR BE U
1-5, Sgrake
HNEGE -50.68 kN WUE kN
OBEEHE + BELE P= -50.68 kN
1-6. 2WE
DEEE 1318.01 kMam gtz kiMmm
DEHGHE » F012 M= 1318.01 kNmm
2. FIHH HEFE &8 oE
2-1.  EHoiE (a) 32300 mm"2 CHHZIIRME (i) ; mm~4
CHHPTIRNE () - mm DRI 0NE (ly) ; mim™ 4
SRR (ry) : mm CHH 2= (7)) 1.053E+06 mm™3
MEEB (L min.))
2-2. SEE S8k (PA) 1.569 W/mm"2 (2 &)
BEH% (MEZ) 1.252 Nfmm~2
2-3. ZEBH4E+H) ERT 2.821 N/mm"2
3LEA e AR
3-1. BWEEHE YE 0.349 < 1.00 0K (=)
3-2. HEREE: 0278 < 1.00 OK
33 EEieT+AEE EER. 0.627 < 1.00 0K
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1, HEME
-1, 25
1-2. ®RZ(Fh): nEz (F);
BMOAS (Fs): RERT (Fe) -
1-3. & (B); & (H):
E Xl
1-4, RO m (RReagpe 22 332 wW0)
15, Hgas
ABEE 44.78 kN 2oE
AHEE + BEIE P=
-5, QOIS
DHEIE . B2 T4 khmm Ba =
DHGIE + alE . W=
2 RN EEb= 28 aE
2-1.  CHOi®R (a) 28400 mm"™2 SHRIRTH R ME (i)
SO () mm SRR ME ()
B2 NP (iv): mm CH g (2)
HEEHL (Lfr{min.})
2-2. EmEE SEC (P/A): 1.523 Nfmm™2 TIES)!
AESHS (MZ) . 0.937 Hfmm"2
2-3. E8(+X+y) Buc 2,450 N/mm”2
1R ErEE
-1, BRIY YR 0,435 < 1.00
3-2. HESR]REE. 0.208 < 1.00
3-3. ZESH+I+)EH UE, 0.643 < 1,00
. RSEEEE B EE: - %2 -

MENAA SRS
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