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Min 4.36 6.79 10.07 13.72 18.11 22.92 28.30 34.14 4410 55.34 72.31
Standard 4.74 7.39 10.66 14.52 18.96 24.00 29.64 35.76 46.20 57.96 75.72
Max 511 7.98 11.23 15.24 19.81 25.08 30.97 37.37 48.28 60.56 79.12
Ao A Ly
(kg) 8 10 12 14 16 18 20 22 25 28 32
sl 242}
Y0¥ | 474 | 7392 | 10656 | 1452 | 18.96 24 2064 | 3576 | 462 | 5796 | 7572
s s | 4.9 75 1 148 19.2 246 30 36 46.4 58.5 76
s o7 55 |
o | 444 707 | 1019 | 1388 | 1829 | 23.16 | 286 345 | 44.75 | 5592 | 73.05
4.66 731 | 1054 | 1436 | 1877 | 2376 | 2935 | 3541 | 4557 | 57.39 | 74.98
- C rmrTwe | E
. 11.1 14.2 18.5 - 29
SAau | 47 74 107 145 19 24 297 358 46.2
5 14
i) 4 7.2 105
PYEW, 7 30
S 45 30
- 29 36 46.8 57.8
g 204 | 364 | 472 | 585
A s
Sy oa| 4.7 6.9 296
"‘“:if Al 45 7.2 10.4 145 18.3 23 295 35 45.5 56.8 75
s 145 19 24 295 36 46.5
Ssasssens| 4506 | 7.284 | 10152 | 1386 | 1896 | 2328 | 284 | 3441 | 4488 | 5688 | 744
il 2 295
19.5 25 31
185 23 35
- - d ] '
FprIL Y 145 19 24 295 35 5
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21.2.5 — Reinforcement in members resisting
earthquake-induced forces

Reinforcement resisting earthquake-induced flexural
and axial forces in frame members and in structural
wall boundary elements shall comply with ASTM A
706. ASTM A 615 Grades 40 and 60 reinforcement
shall be permitted in these members if:

(a) The actual yield strength based on mill tests
does not exceed f, by more than 18,000 psi (retests

shall not exceed this value by more than an addi-
tional 3000 psi); and

(b) The ratio of the actual tensile strength to the
actual yield strength is not less than 1.25.

The value of fy; for transverse reinforcement including
spiral reinforcement shall not exceed 60,000 psi.

R21.2.5 — Reinforcement in members resisting
earthquake-induced forces

Use of longitudinal reinforcement with strength substan-
tially higher than that assumed in design will lead to higher
shear and bond stresses at the time of development of yield
moments. These conditions may lead to brittle failures in
shear or bond and should be avoided even if such failures
may occur at higher loads than those anticipated in design.
Therefore, a ceiling is placed on the actual yield strength of
the steel [see 21.2.5(a)].

The requirement for a tensile strength larger than the yield
strength of the reinforcement [21.2.5(b)] is based on the
assumption that the capability of a structural member to
develop inelastic rotation capacity is a function of the length
of the yield region along the axis of the member. In inter-
preting experimental results, the length of the yield region
has been related to the relative magnitudes of ultimate and
yield moments.>"'" According to this interpretation, the
larger the ratio of ultimate to yield moment. the longer the
yield region. Chapter 21 requires that the ratio of actual ten-
sile strength to actual yield strength is not less than 1.25.
Members with reinforcement not satisfying this condition
can also develop inelastic rotation, but their behavior is suf-
ficiently different to exclude them from direct consideration
on the basis of rules derived from experience with members
reinforced with strain-hardening steel.

AR aa).A'”a),:L.)i ax> 81 .08l oo 5,518 9 5 ealasdy, )l._....._.,e‘gk"“"'E L asla. )4A1‘° ),:L.J-I
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For A, :
1) (}abr) Fye = (F, bs)12340

2) By =z 1. 18( Jabs) ( .}abr) —m ( J«abs) = __ = 424Mpa

3) (Feugs), Z 125Fy = (Fiugy,), 2125340 > (F,,), = 425Mpa

D) |(Fraps), = Foe| = 125 Mpa = (F,,,), = Fyse + 125 = 340 + 125 = 465Mp

5) (F-Wabs) =1 25( .}obs)

(340 = (F,,, ), = 424

425Mpa

For Ay — +
L,‘( F“obs) = Max{l ZS(Fans)
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For Ay :
1) (Fyops), = Fye = (Fyp,), = 400

00
2) Foz118( yabs)  ( }abr) —m ( Jahs] = L = 509Mpa

3) (Foupns), Z 1.25Fy = (Fiugy,), = 1254400 - (Fy,,), = 500Mpa

) |(Fpaps), — Fve| = 125 Mpa — (E,,,), = Fyie + 125 = 400 + 125 = 525Mp

5) (F-;'uabs) =L 25( }abs)

400 = (F,,, ) =509

obs /¢
500Mpa

FOI'AIII —
(Fouone); 2 M“x{l. 25(F

}"nb.t)i
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Slai) el 38

400 < F), 5ps < 509 |
Fswops = max{500,1.25 * F), o}

1.25%558=697 Mpa
2.358< W <2.581kg

db

8

10

12

14

16

20

22

25

28

30

32

As(cm2)

0.50

0.79

1,13

1.54

2.01

254

3.14

3.80

4.91

6.15

7.07

8.04

[M (ke/m)

0.887

1.208

2.983

3.851

4.831

5.546

Kare_no_gr

0.394

0.616

1,578|1,997|2.465
P W L 4 7
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Fuops = max{500,1.25 = Fy,obsl

400 < F,, s < 509

db

8

10

12

14

1.25*473=591 Mpa
- 3.675< W <4.023kg

_Li

16| 18

As(cm2)

0.50

0.79

1,13

1.54

2.01

22

25

28

30

32

2.54

3.80

4.91

6.15

7.07

8.04

0.616

0.887

1.208

|2.983

3.851

4.831

5.546

[M (ke/m)
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!Lg‘)\.mﬁi\&lm).cﬁ\édﬂy

e b abag LI S g 5 Jab Ay 05y ! e e Gyt iy S
AS () (N/m m:) (N/ mm?) (kg) (mm:) (mm) G god
Wogbat dpdr b | WY plal dpdor G |V b gt Gl | Pt Jyde e Folas Jyin
17.6 719.7 580 3.817 490.9 2.4.89 A
17.6 720.3 582 3.808 490.9 24.86 13
|
18.4 T2 574 3.823 490.9 24.91 C
18.0 716.6 578 3814 490.9 2.4.88 D
17.6 722.0 583 3.802 490.9 24.84 I
216 = 600 > 400 3 kel jlona 3 g0
400 < F,, 55 < 509 1.25%583=728 Mpa
Fowops = max{500,1.25 * F), s} 3.675< W <4.023kg
db 3 10 12 14 16 18 20 22 25 28 30 32
As(cm2) (0.50(0.79)1.13 | 1.54. | 2.01 | 2.54 | 3.14 | 3.80 [ 4.91 | 6.15 | 7.07 | 8.04
M (kg/M) |0.394/0.616(0.887|1.208|1.578|1.997|2.465|2.983|3.851|4.831|5.546|6.310
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400 < F), 5ps < 509
Fswops = max{500,1.25 * F), s}

33 058 ) e s 2 Klse

1.25%495=618 Mpa
1.509< W <1.651kg

db

8

10

12

14

16

18

20

22

25

28

30

32

As(cm2)

0.50

0.79

1,13

1.54

2.01

2.54

3.14

3.80

4,91

6.15

7.07

8.04

M (kg/M)

0.394

0.616

0.887

1.208

1.997

2.983

3.851

4.831

6.310
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400 < Fy,ops < 509 1.25*523=653 Mpa

Fsuops = max{500,1.25 * F), 5ps}

ﬁssg <W <2581 kg

db 8 [ 10 12 | 14 ][ 16 [ 18] 20 [ 22 [ 25 [ 28 | 30 | 32

As(cm2) [ 0.50 | 0.79 | 1.13 | 1.54 | 2.01 | 2.54 | 3.14 | 3.80 | 4.91 | 6.15 | 7.07 | 8.04

v
M (kg/M) |0.394/0.616/0.887|1.208 ijﬁégﬁsvé’.gpg 2.983|3.851/4.831|5.546/6.310
/ : 7
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340 < Fy ops < 424 1.25*440=550 Mpa
Fowobs = max{425,1.25 x Fy,obsi .0.839 < W <0.936 kg

db 8 [ 10 12 | 14 ][ 16 [ 18] 20 [ 22 [ 25 [ 28 | 30 | 32

As(cm2) [ 0.50 | 0.79 | 1.13 | 1.54 | 2.01 | 2.54 | 3.14 | 3.80 | 4.91 | 6.15 | 7.07 | 8.04

v
M (kg/M) |0.394/0.616/0.887|1.208 ijﬁégﬁsvé’.gpg 2.983|3.851/4.831|5.546/6.310
/ : 7
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400 < F), 5ps < 509
Fswops = max{500,1.25 * F), s}

1.25%632=790 Mpa
0.839 < W <0.936 kg

db

8

10

12

14

16

18

20

22

25

28

30

32

As(cm2)

0.50

0.79

1.13

1.54

2.01

2.54

3.14

3.80

4,91

6.15

7.07

8.04

M (kg/M)

0.394

0.616

0.887

1.208

1.578

1,997

2.465

2.983

3.851

4.831

5.546

6.310
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