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1- “Reinforced Concrete Mechanics and Design”, James K. Wight, 2016
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19.2.2 Modulus of elasticity

19.2.2.1 It shall be permitted to calculate R19.2.2.1 Equations in 19.2.2.1 provide an estimate of E,
for general design use. Studies leading to the expression for
E. of concrete are summarized in Pauw (1960), where E. is
(a) For values of w, between 1440 and 2560 kg/m®  defined as the slope of the line drawn from a stress of zero to
45 percent of the compressive strength using the stress-strain
E = 1,150,043 \/7, (192.2.1.2) curve of the f:(')ncr‘ete. This definition is slightly different
¢ ¢ ¢ s than the definition in ASTM C469. ASTM C469 defines E.

using 40 percent of the compressive strength.

E. in accordance with (a) or (b):

(b) For normalweight concrete

E,=4700./f; (19.2.2.1.b)
] (oo Sy g Oy A 0 Al Jgae polie f = 25MPa sl
E. =4700,/f] MPa = 23500MPa ACI318-2019 o & alal,

kg ..
WC=24‘OOW PP L

E. = W15 x 0.043,/f/ 5056./f! MPa = ACI318-2019 3.ds abal,
25279 MPa
WC=2300% Sl
E. = W15 x 0.043,/f/ 4743.[f MPa = ACI318-2019 5.8 ala,
23715 MPa
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Split cylinder " § " Modulus of rupture or flexural test” ob 4 calises iolo;l g0 5 i Ceaglie (s g
2,5 ooliiwl ylg5 o test
Modulus of rupture or flexural test (ASTM C78) St Jgoo =)
SUP g5 3130 0,5 (o0 )8 55 seie 555 90 Bl o o Mhon (90" s 58 S0 5 SIS Bllas bgy 0l o
s osy5 S5 RSl Gl a8 1 o 5 65 sl Bl e G P L 558 e sl 5 s MPa e

. Mc e e .

M 6M _6Pa
=TT 2T o2
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fr = 0.624{f; (1-¥-4)

Dl oo s ] (6,Led Coaglin 0.15 J10.08 sg0 0 iisS Canglio :aiSG @

L5 cunglin = A f. = (400 X 400) X 25 = 4000 kN

S Canglie = Ay <O.62\/fi> = (400 x 400) x (0.62v25) = 496 kN
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{d) Distribution of oy on vertical diameter.
P
(c) Stresses on element.
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Axial stress—strain curves ~o3 =0
from triaxial compression
tests on concrete cylinders; 0
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FIGURE 3.11 Concrete strength envelope under biaxial loading. {After Kupfer et al., 1969, courtesy of American Concrete
Institute)
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Stress

Volumetric strain = €1 + 2¢5 Gompressive
/strength
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Unstable crack propagation Q:
N

Critical stress\ | \ 04

Stable crack propagation ~

Discontinuity limit o
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\
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Stable crack initiation —_ | \ /
\
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Fig. 3-1
Stress—strain curves for y
concrete loaded in uniaxial Tension 0 Compression
compression. (From [3-2].) Strain
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700
Eg; = Modulus of elasticity
| _E;, = Strain-hardening modulus fu
560
fu = Tensile strength
fuy &, = Strain at tensile strength
— 420
©
a
=
A
[72]
7]
g 280 H
Ll
2] fy = Yield strength
fuy = Upper yield point
_J Eg &, = Strain at yield strength fr= Frac.ture strength ]
140 &, = Strain at strain-hardening & = Strain at fracture point
&y Esh &u &
0 | | | | | | | | ] ]
0.000 0.020 0.040 0.060 0.080 0.100

Strain (mm/mm)

il oo G2l T o ndy IS5 5 b 5 e aly 0,8 Ceaglite Gl L ams (oo i 5 IS
il oo F, = 40 ksi = 40 X 7 MPa = 280 MP .15 cosslia U Sk Grade 40 5| jslace
w2l o F, = 60 ksi = 60 X 7 MPa = 420 MP q.L.5 cosglie U Sk Grade 60 5| jslac

180 -
A1035, Grade 100 4400
160 1 ]
140 A 1 200
120 - A615, Gradg 75 1800 &
2 J A615, Grade 60 s
% 100 A706,Grade60 |
¢ g0 1 g
s 8 A615, Grade 40 &
60 1 {400
40 - 1
20 4 | £~ 29,000 ksi (200,000 MPa) 1200
0 T L4 T L4 0
0.00 0.05 0.10 0.15 0.20
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20.6.1.3 Specified concrete cover requirements

20 10 20.6.1.3.1 Nonprestressed cast-in-place concrete members
¢ ¢ shall have specified concrete cover for reinforcement at least
that given in Table 20.6.1.3.1.

d Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members
Specified
Concrete exposure Member Reinforcement cover, mm
3\ Cast against and
\ pemagmﬂy in All All 75
contact with ground

40 mm No. 19 through No
o 2L Exposed to weather 57 bars
kJ'éJ J ﬁ' All

or in contact with

No. 16 bar, MW200

clear cover ground or MD200 wire, and | 40
smaller
60 mm No. 43 and No. 57 40
; G & Slabs, joists, bars
7 "’:‘M’ﬁ Not exposed to and walls No. S‘jﬁ atl);rrand |
Lﬁ" jL D JiL,a weather or in
b contact with ground Beams, Primary reinforce-
cover tO pe;(e)::;?;i;n d ment, stirrups, ties, <;
re b ar cen t er tension ;:ies spirals, and hoops
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Table 21.2.2—Strength reduction factor ¢ for moment,
axial force, or combined moment and axial force

¢
Type of transverse reinforcement
Net tensile stain g Classification Spirals conforming to 25.7.3 Other
Compression-
g <g, controlled 0.75 (a) 0.65 (b)
&, <& <£,+0.003 | Transition] 0.75+0.15 5 &) (©) 0.65+0.25 5 &) (d
p <& <& +0. ' 7 (0.003) ' 7 (0.003)

g > &, +0.003 Tension-controlled 0.90 (e) 0.90 )

UFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.
gcy=0.003 Compressionﬁ\

c
¢
A % dt
0.90
0.75
0.65 , °
Tension £
Transition controlled g q
Compression ¥ > Reinforcement closest
controlled E=¢&y € =€+ 0.003 to the tension face

Fig. R21.2.2b—Variation of ¢ with net tensile strain in  Fig. R21.2.2a—Strain distribution and net tensile strain in a
extreme tension reinforcement, & nonprestressed member.

CHAPTER 9—BEAMS

9.3—Design limits
9.3.3 Reinforcement strain limit in nonprestressed beams

9.3.3.1 Nonprestressed beams with P, < 0.10f.’A, shall be
tension controlled in accordance with Table 21.2.2.

JrsS g9 5l p5 Jguz illae b il o By < 0.1OfC'Ag L@.‘,’I 2 aS oy 398 o Gillae a5 wil alils 4> g
.25l (Tension controlled) xS
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Fy fc beta rho-bal  rho-max rho-min
400 20 0.8500 | 0.0217 | 0.0135 0.0035
400 25 0.8500 | 0.0271 | 0.0169 0.0035
400 28 0.8500 | 0.0303 | 0.0190 0.0035
400 30 0.8357 | 0.0320 | 0.0200 0.0035
400 35 0.8000 | 0.0357 | 0.0223 | 0.003698
400 40 0.7643 | 0.0390 | 0.0244 | 0.003953
400 45 0.7286 | 0.0418 | 0.0261 | 0.004193
400 50 0.6929 | 0.0442 | 0.0276 | 0.004419
400 55 0.6500 | 0.0456 | 0.0285 | 0.004635
400 60 0.6500 | 0.0497 | 0.0311 | 0.004841
400 65 0.6500 | 0.0539 | 0.0337 | 0.005039
400 70 0.6500 | 0.0580 | 0.0363 | 0.005229
300 20 0.8500 | 0.0289 | 0.0181 | 0.004667
300 25 0.8500 | 0.0361 | 0.0226 | 0.004667
300 28 0.8500 | 0.0405 | 0.0253 | 0.004667
300 30 0.8357 | 0.0426 | 0.0266 | 0.004667
300 35 0.8000 | 0.0476 | 0.0298 0.00493
300 40 0.7643 | 0.0520 | 0.0325 0.00527
300 45 0.7286 | 0.0557 | 0.0348 0.00559
300 50 0.6929 | 0.0589 | 0.0368 | 0.005893
300 55 0.6500 | 0.0608 | 0.0380 0.00618
300 60 0.6500 | 0.0663 | 0.0414 | 0.006455
300 65 0.6500 | 0.0718 | 0.0449 | 0.006719
300 70 0.6500 | 0.0774 | 0.0483 | 0.006972
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25.2—Minimum spacing of reinforcement
25.2.1 For parallel nonprestressed reinforcement in a hori-

zontal layer, clear spacing shall be at least the greatest of
1 in., dp, and (4/3)d ;.

25.2.2 For parallel nonprestressed reinforcement placed in
two or more horizontal layers, reinforcement in the upper

|nvprq shall be nlar‘pr‘l (‘lll"P(‘ﬂ‘I above reinforcement in the

V™ TWwiliiViveiiitwiiye 111 uil

bottom layer w1th a clear spacing between layers of at least
1 in.

25.2.3 For longitudinal reinforcement in columns, pedes-
tals, struts, and boundary elements in walls, clear spacing
between bars shall be at least the greatest of 1.5 in., 1.5d},
and (4/3)d ;.

Al Ao

uaJL-» alsld /( Second layer ﬁ' ® l

T@@ SS ©
~ = -

oo &'

—

l—
| P

Jé‘u\’ 2 os &5""“:' Max { db,ZSmm)

LAl ot

Sslid slas! | Max (1.5 db, 40 mm)

@ @ @ @
@ %] 7] @ @ %]
No Yes

Arrangement of bars In two layers (ACI Section 7.6.2).

225 mm
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FIGURE 6.26 Effect of compression reinforcement on the moment—curvature relation.

S Ol s sle Oyle — o el

(Ngd 6yl (2225 slos Koo a5 5550 ,3) §HLAS s Ko (o 65l J S

W sl 6l (6,lad) Ay slao Koo il jlins p) Jlade 5 ((o22S) A slos Klo a5 S0 50
0.85f, ¢

AS > ﬁ f;‘ cu

bd' + A. - 5 oles > Al
Fy Ecu — €y s AL dblg> (6, Ay

fi <E

: f _F SLad oY g8 L ol o ablin Lios Cuoglio
s = Ty
PR GURV-INVES SFESPT POSS IR IR RS

! ! ! (x - d,)
AgF, = 0.85f (bfx — AY) + ALE—¢,,

il oo €y = 0.003 4 Eg = 2 X 105 35 dloles ;o
o] Candy g ,Led slao Koo jo 25 lode Wb X lode 8L 51 e
x—d

fs, = E; X €cu

M, = Ayf;(d — d') + 0.85f, (Bxb — A}) (d - ﬂZ_x)

fs =
: f = GoLid oY ad L ol yor pbolio  dos Coglio
sy
ol ) X lade 5 aloles 51 aul lacl
AgF, — ALF,
~ 0.858f/b
Wl o Sy pylie K Jlae X ke 8L 5 e

My = ALy — &) + 0857 pxb — 4 (¢ - 5

AgF, = 0.85f (Bxb — A}) + ALF,

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl <l &sledl ”é:..l.n S L" 093> oyl cdlae liul AA
www.hoseinzadeh.net



WL L
Al (oo bagie s 3y IS Lojle G 4 by e i cnlols 18 et S S s )y S adaie s Jle
FausS dwlo |y (VL) 3lgie cdl> Joleo o Kl colue (A
fally oo yod> ahato jlre oiiS o S STas (o
f¢ =25MPa E, = 400MPa
[_\: A 60

As=1000 mm?

480
1 60
500 L
g o0 Al ) Do 4 S U o ol s o (A
£, 0.003 3 3
X = F d= —— 00 d=§d=§><540=324mm
o+ 5 0.003 + =

@ b Qg < Sl sl 6L‘°‘5)ﬂ:¢-" l.:" aS g R G ogus = dwlo (6, Lid slaoYgd ii,S X 8L )‘ o

. x—60 324 — 60
& = X 0.003 = TO.OOB = 0.0024 > 0.002

139 (o0 drmlne VL 0 e Colie Jolbs (2l5 b b gl (0 el (5108 (slas Ks
C=T - (BxxDb)0.85f, + As(F, — 0.85f.) = AgF,

(0.85 x 324 x 500) x 0.85 x 25 + 1000 x (400 — 0.85 x 25) = Ay, x 400
Ay = 8262 mm?

1090 (o0 Al ) Ojgo 4 S5 U e (0

Ecu _ ( 0.003
£ + 240003/  \0.003+0.005

ES
@l Wgd o0 6ol )Led slao Sl LT 45 055 )2 955 oo daslone (5,L88 (glao¥sh (15,5 X (28l Sl ey

x = )540 = 202.5 mm

—x_60><0003—202'5_600003—00021>0002
- ' T 2025 o '

D9l (o0 Al JiSTas o Koo ol Jobss ilisi b Jlb> aigas SO (oo ol slas Ko
C=T - (BxxDb)0.85f, +Ai(F, — 0.85f.) = As_maxF,

€5

(0.85 x 202.5 X 500) X 0.85 X 25 + 1000 X (400 — 0.85 X 25) = A;_,,., X 400
Ag_max = 5518.95 mm?

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl <l &sledl "b?..l.n S L" 093> oyl cdlae liul A4

www.hoseinzadeh.net



WIS RN

A Al |y 5 adade goml (Siad Cuoglie ;Lo
f¢ =25MPa E, = 400MPa

As=1000 mm? E 140
‘n’

400

As=9000 mm?

- |}

[ 60

500
gl (5,9
Wigd (o0 pebed 55 0 Ay 5 As oS 0 558 It
C=T - (Bxxb)0.85f, +As(F, — 0.85f.) = AF,
(0.85 x x X 500) x 0.85 X 25 + 1000 x (400 — 0.85 x 25) = 9000 x 400
x =356 mm
b wisd g0 (55l LT a5 08 (go oy 5 00,5 aruslomo X ulusl o 1 (55L08 5 288 slao¥ob (13,5 (0,8 J5uS sl
A0

(356 — 140)
& =————%0.003=10.00182 < g, = 0.002

356
Ngd oo 5l s )Led lasYes ol plo
(it slos Sle (ol (55l oy 2
(540 — 356)
& = T X 0.003 = 0.00154 < Sy = 0.002

Wgd (903 Gl s (oS (slasYe

9 ;M.\.M.S W LgLQng_é 9O S ‘mbx oty > )L’i G ;‘ oJ= u.:‘ JRRR YW = L§)L?' Lg)L.i;é 9 ;M.\.M.S W Lchmyﬁ_é g uo)_a
2395 (o0 dralns 15 Djg0 4 g 09 SalsS FY | eS g Lad

(540 — x) (540 — x)
g =————X 0.003 - fi=¢ekE = 600T
(x — 140) (x — 140)
gl = ——X 0.003 - fl =€lE = 600T

leo Cawdy X lade Jolad alolee yidigi b s
C=T - (Bxxb)0.85f, + AL(fy — 0.85f.) = Afs

(x — 140) (540 — x)
(0.85 x x x500) x 0.85 % 25+ 1000 % 6OOT —0.85x25])=9000 x 6OOT

x = 333.634 mm

1o leo Sy Lg)L.i;_é 9 Guuuf 6L¢o‘>@é Sy X u.db )‘ o

(540 — 333.634)

Ty = Asfy = 9000 X 600 ~——"— = 3340 kN

(333.634 — 140)
333.634
C = (Bx x b)0.85f, = (0.85 x 334 x 500) x 0.85 x 25 = 3013 kN

T! = AL(f! — 0.85f,) = 1000 X (600 —0.85 x 25) =327 kN

0.85 x 333.6
—) =1330kN.m

M, = T, x (400) + C X (540—
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Equivalent width for
uniform stress and
same compressive
force as actual stress
distribution

Actual extreme fiber
compressive stress f
for infinitely wide flange

Ly= 5 aliT ailas J,!a

6.3.2 I-beam geometry

6.3.2.1 For nonprestressed T-beams supporting monolithic
or composite slabs, the effective flange width b shall include
the beam web width b, plus an effective overhanging flange
width in accordance with Table 6.3.2.1, where k& is the slab
thickness and s,, is the clear distance to the adjacent web.

Table 6.3.2.1—Dimensional limits for effective

overhanging flange width for T-beams

Effective overhanging flange width, beyond face
Flange location of web
8k
Each side of .
web Least of: 5.2
£/8
6h
One side of web Least of: 5,/2
{12

6.3.2.2 Isolated nonprestressed T-beams in which the
flange is used to provide additional compression area shall
have a flange thickness greater than or equal to 0.5b,, and an
effective flange width less than or equal to 45,

S = s9bmo i Ol o137 ol \
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Example:

WIS RN

Calculate the design strength ¢M,, for one of the T beams in the positive moment region.

The beam has a clear span of 7 m (face to face).

fi = 2B MPq, fy =420 MPa.

o ‘e
A A
o I
[
— %
-
® % T
1.8m -~ 1.8m 1.Bm |
€ €
75 mm I 18m !
A { ' A
E-I- = T ol
§ ] wade ) 4225 I st -4 225 I —-foseet-4 0r25
—i fo—————————= 1.5 M ————————nd ,L. 1.5 m I
300mm 300 min 300mm
Solution: . 1500 ,
From the Geometry of T-section: l
by = 300mm, h=600mm, t=h, =75mm : 5
A (A5 25) = 1963.5 mm? 8 ; :
b, is the smallest of: __E_ ____________________ OO0 | E
L 7000 LY _l
(a) b.<b, + i 300 + 5 =2050 mm,
(B) b, < b, + 16k =300+ 1675 = 1500 mm, — control

() b, < Center to Center spacing between adjacent beams = 1800 mm.

Take b, = 1500 mm.

Aty _ 19635 -420

¢ =085 b, 085 -28- 1500

=231mm < h=75mm

The beam section will be considered as rectangular with b = b, = 1500 mm.

25
d:600—40—10—?: 537.5mm

a 23.1 L
M, = Af, (d _E) = 1963.5 - 420 (537_5 _T) % 106 = 433.74 KN -m

Check for strain g = 0.005

a 231

“Tp 085

= 2718 mm,

d—c
g = 0.003 (T) = 0.003(

5375 — 27.18
—) — 0.0565 > 0.005 0K

27.18

B, = 0.85

Take ¢¢ = 0.9 for flexure as tension-controlled section.

M, =M, =09-433.74 =39037 KN -m
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WIS RN

Example:

Determine the positive moment capacity of the edge L-section beam. The beam has a clear
span of 6 m (face to face).

f! =20 MPa, fy = 400 MPa.

o
S |
7
2
632 o
OO0 OO
| 300 | 2200 | 300 |

Solution:
From the Geometry of T-section:
b,, = 300 mm, h =670 mm, t= hf =120 mm

A,(6@ 32) = 4825.5 mm?

b, is the smallest of:

L 6000
(@) b, <b, + = 300 + =z = 800 mm, — control

(b) b, < b, + 6k =300 + 6120 = 1020 mm,
1 i 2200
(¢) b, <b,+ 3 the clear distance to the next beam web = 300 + — = 1400 mm.

Take b, = 800 mm.
Checkif a > h

Asf, 4825.5 - 400

=085 b, 085 -20-800 141.93 mm > hy = 120 mm

The beam section will be considered as L-section with
b, = 800 mm. | 800 |
_ 0.85 f/ (b, — bw)hf _

\, |
Asz 0.85 - 20](;;300 —300)120 a:l: W%

= 2550 mm?

120

400 §
Agy = Ay — Agp = 4825.5 — 2550 = 2275.5 mm? 6232
oo
Agef, 2275.5 - 400
@ =085/'b, 085 -20-300 1 &A7mm 300

Ag (62 32) are arranged in two layers

25
d=670—40—10—32—7=575.5mm

M, = sffy(d—%)+Aswfy(d—;)=

178.47
2

120
= [2550 -400 (575.5 - T) + 2275.5-400 (575.5 - )] X107 = 968.4 KN -m

Check for strain £ > 0.005

_a 17847
=B, 085

=20996mm, p, =085

d —d+s+d"—5755+25+32—604
A e T T

— 0.003 (dt - C) — 0.003 (6()4 - 209.96) _
=0 c ) 20996 /)

= 0.00563 > 0.005 0K

d;

Take ¢p = 0.9 for flexure as tension-controlled section.

M, = ¢M, =0.9-961.65 =865.49 KN-m
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Example:
Compute the positive design moment capacity of the | 600 .
T-section beam. | |
f! =20MPa, f, =420 MPa. 1 g_ |
Solution:
From the Geometry of T-section: S
O
b, = 200mm, h=650mm, t =h; =80mm
_ 2 428
A (4 28) = 2463 mm oalt
Checkifa > hy ! OOy
Af, 2463 - 420 200
= = =101.42 -
@~ 0857b, 085 -20-600 mm
a =101.42mm > hy = 80 mm. The beam section will be considered as T-section.
0.85 (b, — b, )h 0.85 -20(600 — 200)80
sf = fe (be — bw) T _ ( ) = 1295.2 mm?
1, 420
Agy = Ag — Ay = 2463 — 1295.2 = 1167.76 mm?
Aswfy 1167.76 - 420
= = = 144.25
2= 085/'b, 085 20200 mm
A, (4 28) are arranged in two layers
30
d =650—40—10—28—7=557mm
hf a
My = Asgfy (d =) + A fy (4 - 3) =
80 144.25
= [1295.2 =420 (557 - 7) + 1167.76 - 420 (557 — )] X 107 =519.05 KN -m
Check for strain &g = 0.005
_a_1m2s 05 0003
“=pB " "ogs mm A =0. J
do=d+o+2 5574220428 _5g6
t=aTy T T 2 T T oeemm
— 0.003 (dt - C) — 0.003 (586 — 169.7) _ =5
g =1 c )T 1697 )~
= 0.00736 > 0.005 OK

Take ¢p = 0.9 for flexure as tension-controlled section.

M, = $M,, = 0.9-519.05 =467.15KN-m

www.telegram.me/hoseinzadehasl

www.instagram.com/masoud_hoseinzadeh_asl

Cool @lodh "o 53 L egir cnl e L]

VoY

www.hoseinzadeh.net



WIS RN

Problems in Sl Units

For Problems 2.42 to 2.44, determine the cracking moments for  Problem 2.44
the sections shown if f/ = 28 MPa and the modulus of rupture

is £, = 0.7,/f7 with £/ in MPa, e 600 mm
—_—

Problem 2.42

\ 100 mm
k v
320 mm 00 mm
520 mm 2 #19
600 mm ° —“_
80 mm !
200 mm
3#19
e o o e
J 80 mm
Y For Problems 2.45 to 2.47, compute the flexural stresses

|<_3 50 mm_.l in the concrete and steel for the beams shown using the
transformed-area method.

) Problem 2.45 (Ans. f/ =7.785 MPa, f, = 109.31 MPa)
Problem 2.43 (Ans. 46.30 kN-m) ’

\ \
\
530 mm _1
420 mm 600 mm M =130 kNem
500 mm n=9
2 #25
. ° X 4#29 ‘
1 80 mm e o o o =0 mm
l— 300 mm — T
-—— 350 mm —

Problem 2.46

3
20 kN/m (including beam weight) 420
mm
;V: /Igz 500 mm
! 8 m ! 4#36 ]
e o 0o 0o |——
80mm
n=9 l«— 300 mm —> T
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For Problems 2.48 to 2.55, compute M,, values.

Problem b (mm) d (mm) Bars 1! (MPa) 5 (MPa) Ans.
No.
2.48 300 600 3 #36 35 350 —
2.49 320 600 3 #36 28 350 560.5 kN-m
2.50 350 530 3 #25 24 420 —
2.51 370 530 3 #25 24 420 313 kN-m
Problem 2.52
3
f‘, =420 MPa
fi=24MPa
460 mm
600 mm
6 #25
. ° . I
y 70 mm
° . . o
70 mm y

«—— 350 mm —»

Problem 2.53 Repeat Problem 2.48 if four #36 bars
are used. (Ans. 734 kN-m)

Problem 2.54

! 1.200 m .|

| 100 mm Ji=28 MPa
T f, =350 MPa
2 #36
[ ] [ ]
70mm |
| 250 mm |
Problem 2.55 (Ans. 689.7 kN-m)
| 800 mm >|
80 mm £,=300 MPa
. )
f=28MPa
300 mm
560 mm
6 #36
o [ ] [ ] “
¥ 100 mm
® ® [ ]
y 80 mm
| 350 mm |
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Problem 4.35 (One ans. 450 mm x 890 mm
with 6 #32 bars)

For Problems 4.34 to 4.39, design rectangular sections for

. P; =100 kN
the beams, loads, and p values shown. Beam weights are not
included in the loads given. Show sketches of cross sections = 25 KN/
including bar sizes, arrangements, and spacing. Assume con- % »D= n/ll
crete weighs 23.5 kN/m”®. f, = 420 MPa and f; = 28 MPa. ;E 8
_1
«——6 m—>——6m—| P =2 P
- 12m
Problem 4.34 Problem 4.36
wp = 20kN/m wp = 26 KN/m
wy, = 12kN/m % wy, = 20 kN/m
1 LA
P=5P» %
} 10m | i‘ >m i
_ 0.18f1,
S

Problem 4.37 Place live loads to cause maximum positive and negative moments. p = 0.18f// fy- (One ans.
450 mm x 900 mm with 6 #32 bars positive reinf.)

wp= 30kN/m, w; = 20 kN/m
¥ ]
}‘Sm l 12m l-— 3m—|

Problem 4.38

Pp =60kN
wp=06kN/m

wy =10 kN/m

/A

ANNNNNN

[—3 m—sf=—3m—]

-1
P 291,

Problem 4.39 Design the one-way slab shown in the
accompanying figure to support a live load of 12 kN/m?.
Do not use the ACI thickness limitation for deflections.
Assume concrete weighs 23.5 kN/m3. f/ = 28 MPa and
S, = 420 MPa. Use p = p,,.. (One ans. 240-mm slab
with #25 @ 140-mm main steel)

/g[[[[ﬂ/[[[l[%

™ 8 m al
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a) Initiation of flexural cracks
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-~ ~
77 s gV >

VAN Q

b) Growth of flexural cracks and formation of flexure shear
and web shear cracks.

RN
LS L VYIS

VAN Q
i Web Flexure Flexural Flexure i Web
shear shear cracks shear shear
cracks cracks cracks cracks

¢) Cracks before failure

Mgy (o0
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Span

(]

1 (im) (mm) @

1 354 090 1.0
2 413 1.15 15
3 57.0 145 20
4
5

T ! 669 170 25
126in 1060 767 195 30
(320 mm) (270 mm) 3 6 925 235 40
l _L M 1121 310 50

. . 81 1419 360 6.0

e Sty 4 101 1852 470 80

le 75in o] 91 2282 580 7.0

(190 mm)

TR AR .
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—— . — ¢ —— 03— - T
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- < 3 - -
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R —

FIGURE 7.29 Damage at falhure m senes of tests on beams without transverse remforcement. (After Leonhardt, 1962.)
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(weightless)

W.Ulo @La.o WSLM ov° )‘
Vdx = d(M)
()10 398 alaly o M =TZ )35 |,
Vdx =d(T X Z) - Vdx =d(T)XZ+d(Z)XT

8o b by JUl 0 50l ooims (Lis 398 abaly ;5 Jol 5 g JSi5 15 50 Bk 90 4 (o waie (LS (398 alal
il oo (owd 0 ySdes b (B JUl oaims (LiS G pgs 05 9 WBL (o0

(Beam action) ,5 5> Slec b 5, Jlau!
(1S pulys g 09 wlg> d(Z) = 0 jlaie cdl> ol 4o 0l el 15 Job ,0 (Z) K 595b ke asS 5,8
- Vdx = d(T)Z

WSS axg )y S a

Lol s oS 6505 LS A abais Jy> S
Vdx = d(T) x Z
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22.5.5 V. for nonprestressed members

22.5.5.1 For nonprestressed members, V. shall be calcu-
lated in accordance with Table 22.5.5.1 and 22.5.5.1.1
through 22.5.5.1.3.

Table 22.5.5.1—V, for nonprestressed members —
Criteria V.
d h
’ A]
0177 +—|b,d (a) il B
g
Ay > Aymin Either of: b
1 ]\/r w
0.66A(p,)* L +—= |b,d b
[ CRINIE 6Ag]w (b) b
1 N
Ay, < Ay i 0.66A Mp, )\ [ +——|b,d
, Mo+ fb © | 4 )
Notes: hilih L
1. Axial load, N,, is positive for compression and negative for tension.
2. V. shall not be taken less than zero. b
w

22.5.5.1.1 V, shall not be taken greater than 0.42K\/7’b d

c - w

22.5.5.1.2 In Table 22.5.5.1, the value of N,/6A, shall not
be taken greater than 0.05f,".

22.5.5.1.3 The size effect modification factor, A, shall be

determined by
A\ - / 2 9 (2255.13)
’ 14+0.004 d
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) | 0.662p3 \[f! + Min
B8 akly V. = Min OOSfC

\ 0.42A,/f.

bl ply (s Conglite izt Ll 1) Sgals JBlas a5 placl ;o 398 sl 0 pad 4 azgi b
o8 aal, V. =0.171\/f/b,d

oo oy W8 g il 5y ol T sl s (sl
p) BLA SIS sisall, V, = Min 066pr\/f
0.427/F
(Jls wsile ) ol o 5507 8 sl V,
/ 2 1 N \
0.66 |——————Ap% \/fZ + Min| 64
= Min 1+ 0.004d Pw Ve 005 |bw
" c
0.427/F
Jlsasle ) J8las ooy ygile,l 08l clacl /
( ) 7 v, = min| %°® [T 0.004a pW‘/f_C
S97e So0 W86 g
’ 0420/
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13.2.6.2 For one-way shallow foundations, two-way
1solated footings, or two-way combined footings and mat
foundations, it 1s permissible to neglect the size effect factor
specified in 22.5 for one-way shear strength and 22.6 for
two-way shear strength.
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1
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v = Min| 06600 VT | p_a
0.42./F]

V30 X by,d; = V30 X b,d, - /30d, = V25d, - —2=1.095
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22.5.10.5.3 ¥V for shear reinforcement in 22.5.10.5.1 shall
be calculated by: ~

e +d
_Atd (22.5.105.3) I

430 mm

d

298 (o0 dewle ) Oyge 4 hle pose slaygile,l 25 Coglie
22.5.10.5.4 V, for shear reinforcement in 22.5.10.5.2 shall

be calculated by: Ar
N
. a3 45 —’R\\\*ld
4,1, (sina+cosa)d

(22.5.10.5.4)

V =

s

S
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22.5.10.6.1 The center three-fourths of the inclined portion
of bent-up longitudinal bars shall be permitted to be used as
shear reinforcement in nonprestressed members if the angle
a between the bent-up bars and the longitudinal axis of the
member is at least 30 degrees.

22.5.10.6.2 If shear reinforcement consists of a single bar
or a single group of parallel bars having an area A,, all bent
the same distance from the support, V; shall be the lesser of

(a) and (b):
(a) Vs = Af,s1na (22.5.10.6.2a)
(b) ¥, =0.25,/f/b,d (22.5.10.6.2b)

where a is the angle between bent-up reinforcement and
longitudinal axis of the member.

gy welys oope slogileyl g (i (ohn Cslie ggazme ply alafie JS by Cunglis
22.5—O0ne-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:

V,=V.+V, (22.5.1.1)
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§ TLOG1L00 mm 291 kN (Y
T1060200 mm
3863 kN (¥
1 ﬁOmm 385 kN (f

(Gﬁ,s; aal, V.= 0174/f!b,d

1

oy S W g Blas 55 y93le)T (gl (gl 4 3 [f
’ e s, V, = Min| 066405 VI | g
L 0.424/f;
DBl patie P x5 (Jeb 0, 5e doye b 380 adal, leolaiil cpx @
Dgu oo oolaiwl o 5 adaly slalivs cpl o o

PV = oV + Vs
oV, = 0.75 x (0.17 X /f/b,,d)

d
oV, = 0.75 (EA,,Fyt)

@V, = 0.75 x (0.17 X V25 x 400 x 440) = 112.2 kN

440 440
oV, =0.75 <m (m x 5%) x 340) + 0.75 (m (2m x 5%) x 340) = 220 kN
oV, = oV, + @V, = 112.2 + 220 = 332 kN

T aly 5F ol AT Siatnd
w55 b hlo )5 @10@25 M aiy o gals 1ol B0 5o Goo 5 5ol YO (250 b (hlats 15 S )0
> 5 ol adaie oles (B p Canglie el oas ooliiwl 3B &y PL2@25 cM aiy slo Sgels 5l 5 g 4z 0 £

el
kg kg
EZBOOW , fyZBOOOW
gy
OV =@V + oVs
@V, = 0.75 x (0.17 X \/f/bd)
d d
oV, =0.75 (;A,,Fyt) (sin 60 + cos 60) + 0.75 (;A,,Fyt>
@V, = 0.75 x (0.17 x /30 x 350 x 500) = 122.2 kN
500 V3 1 500
V. =0.75 (— 2m X 52 ><300) —+= 0.75 (— 21 X 62 ><300) = 198 kN
8 250 2T X 5% 2 "2) 7 250 (2T % 6%
oV, = @V, + @V, = 122.2 + 198 = 320.2 kN = 32 ton
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28125

R
oV, = 0.75 x (0.17 X \/f/bd)
d 0.75 (A,F,) sin45
oV =0.75 <;A,,Fyt> + Min

0.75 % (0.25 x \/f/b,,d)
@V, = 0.75 x (0.17 X V25 x 300 x 530) = 101.4 kN

530 0.75 ((2 x 3.14 x 12.5%) X 400) sin 45
oV, = 0.75 (— (2 x 3.14 x 52) x 400) + Min

200 0.75 x (0.25 x V25 x 300 x 530)
{ oV, = 101.4 kN
_ _ (208.1kN _
@V = 124.8 kN + Min { a6 ey = 2738 kN

oV, = V. + Vg + Vs, = 101.4 + 273.8 = 375.2 kN
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138 KN, 44 KN (¥ 23KN , 144KN ¢
216 KN ,0.6 KN (f 23KN ,54 KN (t

ACI-318-19 Lol
oV, = 0.75 x (0.17 X \/f/bd)
0.75 (A,F,) sin 45
ot =i 075453
0.75 % (0.25 X \/f/b,,d)

@V, = 0.75 x (0.17 X V25 x 400 x 600) = 153 kN
_ { 0.75 ((3.14 x 62) x 340) sin 45 = 20.4 kN
PVs = Mi

n = 20.4 kN
0.75 % (0.25 x V25 x 400 x 600) = 225 kN
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7.4.3 Factored shear

7.4.3.1 For slabs built integrally with supports, ¥, at the
support shall be permitted to be calculated at the face of
support.

7.4.3.2 Sections between the face of support and a crit-
ical section located & from the face of support for nonpre-
stressed slabs or A/2 from the face of support for prestressed
slabs shall be permitted to be designed for V, at that critical
section if (a) through (c) are satisfied:

(a) Support reaction, in direction of applied shear, intro-
duces compression into the end region of the slab

(b) Loads are applied at or near the top surface of the slab
(c) No concentrated load occurs between the face of
support and critical section

(R2X] I EEETRERER) Y vty

Critical sections s ™)

Critical 1 P !d/\dl'
seclion_'i l |‘—'

|| £ | Y
d ‘/ Gritical section

' S PeP T G Hmatis O ﬂ

IV 3

]

________ N I T
REERRRERRD ’ /”"
ek |
¢ | | 4
¢ ®£_£_d
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9.7.6.2 Shear

9.7.6.2.1 If required, shear reinforcement shall be provided
using stirrups, hoops, or longitudinal bent bars.

9.7.6.2.2 Maximum spacing of legs of shear reinforce-
ment along the length of the member and across the width

of the member shall be in accordance with Table 9.7.6.2.2.

Table 9.7.6.2.2—Maximum spacing of legs of shear

reinforcement
Maximum s, in.
Nonprestressed beam Prestressed beam
Required Along Across Along Across
Vs length width length width
dar d 3h/4 3h/2
<0.33,/fb,d Lesse;
l§’< d/2,600 mm oL 600
I d + 033 T a | Lessr d/a dr2 3h/8 3h/4
T T o of: 300
I

9.7.6.2.3 Inclined stirrups and longitudinal bars bent to
act as shear reinforcement shall be spaced so that every
45-degree line, extending d/2 toward the reaction from mid-
depth of member to longitudinal tension reinforcement, shall
be crossed by at least one line of shear reinforcement.

,§Is d/4, 300 mm

Tl
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CHAPTER 9—BEAMS

9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 For nonprestressed beams, minimum area of shear
reinforcement, A, i, shall be provided in all regions where
Va>0.083 (I)X\/Z'bwd except for the cases in Table 9.6.3.1.
For these cases, at least A, ,,;, shall be provided where V,, > ¢ V..

Table 9.6.3.1—Cases where A, i, is not required if

V, =< ¢V,
Beam type Conditions
Shallow depth h < 250 mm
h < greater of 2.5ty0r 0.5b,,
Integral with slab and
h <600 mm
Constructed with steel fiber-reinforced h <600 mm
normalweight concrete conforming to and
26.4.1.5.1(a), 26.4.2.2(i), and 26.12.7.1(a) 5
<
and with /.’ < 40 MPa & ¢0'17\/7”b“'d
One-way joist system In accordance with 9.8

ol 18 Sigals 3 U510 o e B osl aly iz o1 Sy ) lhaseie b oo 5 o o i le
b=400 mm, h=500 mm, d=430 mm, C25, S400

V, < 0.083 x 0.75 X V25 x 400 x 430 = 53.5 kN = 5 ton

5 01 50 addwe lis a5 abdie i ho plp ) oo dcwle b gile,l a5 S 0 ETABS 8l e @
3,05 Bgals s 5LS (gl el ol Bl 4y g 004y 5zl Ly (5950

Sl @h sk @) Gl amb Job jo 55 bl 99 50 oy 5 bawgio cins ol by o a5 05l azgs @
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9.6.3.4 If shear reinforcement is required and torsional

effects can be neglected according to 9.5.4.1, A, i, shall be
in accordance with Table 9.6.3.4.

Table 9.6.3.4—Required A, nin

Beam type Av,minls
5 b
0.062,/ 1./ (a)
Nonprestressed S
and prestressed with Greater of:
ASSE<O'4AS u+As
e < 04 psfpu + A5f5) 0355 o
vt
b
0.062,/f7 2=
£ (©
Greater of:
. b
Prestressed with 4, f;. > ) 0.352 d
0.4(Ayfon + ASL) Lesser of: fyz d
Lo |4 @)
80/,d\b,

..\g”'l Sy |y Al p3¥ JBlas Ggels oSl o8 L, ra)'ﬁl Sgals s JSlas g utambsw).g&)o il

05 2,8 8300 Loy By glad Sl 00, bl 57200 MMyl oo 5l igels Lolgd anS (58
b=400 mm, h=500 mm, d=430 mm, C25, s=200 mm

( _ by, 400
0.062,/ f¢ o 4 0.062V25— = 0.413
Ay _ yt v o_ 300
= Max - = Max - A,
s 0.35 2w 200 03570 _ 4666
Ty TT300 0

= 93.33 mm?
- 2mr?=9333 - r=3855mm - d,=771lmm - (@8@200
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S Joot b Sgals- 1y b p a8l g 09y amlgss by Joos 4 0B olesd @ oy
Vi < oV + @l

S o 1y g 4Ll iy 55 B sl 33l 8 opels e sl VU i3l
D)5 opall Dgals 0938l L ) b adlol algmds (gam o U les cad g mu)lo Coogase alayl,y pl o
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22.5—0One-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:

V,=V.+V, (22.5.1.1)

22.5.1.2 Cross-sectional dimensions shall be selected to
satisfy Eq. (22.5.1.2).

Vi< &(Ve +0.664f) b,d) (22.5.12)

22.5.1.3 For nonprestressed members, V, shall be calcu-
lated in accordance with 22.5.5.

0SS |y 03 polie b=400 mm, h=500 mm, d=430 mm, C25, s=200 mm Slasie b o 0 S5 o 0l
PVe o by Cenglin =)
355 35 s 4 lyes a5 VU (G 59505 ST =Y
PVs 250 sloygile)] (Ghp Cunglin iShas =T

V. = 90.17,/f/b,,d = 0.75 x 0.17V25 x 400 x 450 = 114.75 kN
OV—max = ¢(V. + 0.66,/f/b,d) = 0.75 x 0.83V25 x 400 x 450 = 560.25 kN

oV, = V. + oV — 560.25 =114.75+ ¢V, — ¢V, =0 =4455kN

Lol Gl 5 whaie olal Wb Syg0 (nl jof 55 09, F1,3 56025 KN jlals 368 1 »o)ly (250 5908 ©
ilee Gl 5 53 sle (LS Caslie SSTa 5 g 5 i (o8 Saeglie (d sb) i whaie slal 2158
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e 9 ailas Job 4 JSb Julaims ahaiio b azsluyiy doyoh 60lu puw 90 i Sy -00
03 yo Cu19aSy 00 yiwn’ HU Y1 Cxd' 525 mm ghadio yge glAT51 § 400 mm adaie (e
et bl algs 51,5 15 KN/m 043) cudlgify 00y )l 9 (i ¢339 Jolid) 20 kN/m
3 Sogud 0010 51,8 by H9te T Ml yo5 Jab 3 s ys diz 53 JBlas (5,5 sobdar aS
31 o e 10055 il Fuwly & &l 3T 01 905 9 S HS po a3l o518 adlge
(D9 4x8,5 LMa5 50 S340 £49i 31 5 Ko 9 C25 00,
EEREEEEERERE, 20,0100 (-
é; S, 70 (Y
N L Sm | % auoys 50 (¥

Vi 7 J..o)o 30 (f

¥ oS
a5k wnl (V, < 0.0830\/fbyd) 15 i o5 p Cenglive s 5| a8 (V) 15 50 3l IS cupd iy a5 blis o

g Alsss LDy 5]
kN
qu = 1.2qp + 1.6q;, = 48?

(V, = 216 — 48x) < (0.083¢,/f/b,,d = 0.083 X 0.75 X V25 x 400 X 525 = 66.9 kN)
- x=3.106m

X Vu=216-48x
A

oo YL sblidovy

FEE
9
216kN1— m |216kN
ol gl g eols S8 b ye3le,T b cenl 66.9 AN 51 io 5l o aS 5 slesl g ol jo
. L i 2 x 3.106
Sgds ools 18 iy jeile,l b aS L5 Jsb 5l gas o = g = 0.69 = 69%

x=3.1m

66.9

66.9

216
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A Sl

FP pj pilie J SualsS & gidige (Si) (R 2 )3 S ) 5 ) 47 glae pylie By g9y VF
(fyv =400 MPa , £, =22.5 MPa) 1l o

i = 30cm—
P R V, =390 kN (3
TE Y. V,=373 kN (v
s FT s -_':_.. $12@80mm V, =350 kN (v
T V. =327 kN (f
g (
1 6 |-
}
PV = oV + @V 4
= 075X (017 X JTZbd) + 075 (S 4,5 )
340
= 0.75 x (0.17 x V22.5 x 300 X 340) + 0.75 (W (2m X 62) x 400)
= 61.688 kN + 288.25 kN = 350 kN
Sl oy Cenglie J S

V, < o(V. +0.66\/f.b,d) = 0.75(82251 + 319327) = 301 kN
il o0 301 KN 4l ) alaite Conglive (sl iy
) — Slowbxe
(fc=mMPa fy =Y ooMPa J¥cwil kN sin igydig; pui ghito pglio o8y 595 -TY

' YVAY O

50mm Q Te ® ﬂ YIVLY
iYW
Yay(t

300 mm = 010at100 mm {

» D8at150mm

S6mm

400 mm

AQ)IO == 78.5 mmz
Agg = 50.24 mm?

V. = 0.17 x V25(400 x 350) = 119 kN
_ (78.5 X2 50.24 %2

V,=354kN - @V, =265kN
100 150

)X 350 x 300 = 235 kN

N

Sl Oogels S

Av_2><3.14><52_}_2x3.14><42_224
s 100 150 T

by by
> Max ( 0.062,/f] = = 0.4,0.35— = 0.46 OK
Fy Fy

S (b Saaglie J 1S
V, < o(V. + 0.66,/f.b,,d) = 0.75(119000 + 0.66V25 x 400 x 350) = 436 kN 0K
1o Sgals alols J o8
d 350
V=235 kN £0.33{fch,d =231 s< =——=875mm
L el il alaiie sl Cenglin 2Tam by sl Slre e 5| i b Sgals Jols
oV = o(V, + V) = (119 + 231) = 262.5 kN
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fond oo 05 Slads 35 51 Sl y92 93
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“I b A Gyl e B e e gl (¥

wbn B oy | Gt A e o Caglia (7

A ) ! ﬂ')‘f d'oj‘J},:
Yauss
(A,)4 = 2nr? + 2mr? sin 45 = 3.47r?
(Av)B = 3nr?

Y sl oo
P el Gy (S Cgals Juolgd 9 o559 Job sy03lay] Jlad bl (V) 9 (V) aay (i alade 99 50 -11F
! 00 00lizw! KO illao (g1 ) W igals 90 51 (V) lalle )0 g (2 p0 iy Dgols S 51 (V) alade
oud cpuali gyt Canglin 4y (Y) gl 33 (V8) (g6 sW0y95l,] Jauugi oud raal (o330 Cumglie Casud
et plas I5ga> (1) adaie 30 (58 s ygite ] bauwys

ZS

VY (F

)
Fays
g 4z )5 e o Ll B adlge Wb ojge Sledle 550 50
(A,), = 2mr? + 2nr? sin45 = 2nr? x 1.7
(A4,), = 2mr?

$loyeila)] 5t o £, =400 MPa 5 f. =25 MPa , d=40 cm « b=25 cm 45 ;00 ;0 -¥0
sy alaie palie o8yt Sayed Bl oid odlizul JSO Gillas a7 yeone  Ogee Gy
sl S35 2238 plaS dg FpainhS

385 ¢
(o) o 400 ¢Y

@ 10€100mm 350 (v
o]
| 420 (f
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R Vo = Ve + Vs =05V + Vs = 21 ) 15
A Sl

O by (05 53 U . Cunal 80 33UER! Y g Y oKD allan gt S0kl 51 i3 JemiS paf g g0 -£Y
UGl il Y SO a3 Cand ¥ Sl g (slyaile)] e pudigr (69900 Connd cSdla 93 20,3 S 9 Ay

P ¥/es

AREREREN (1 S\

Vs (Y

45 P AP (F
(2

Fags

Sin45 + Cos45 = 1.41
AV (g sl yoo
195 (g il 53 (b pr Crnglia )3 3259190 3 SplaS pdans 32 paio S 50 -
JRIVS UK JURWIRY §
JOVIRPR-S.A Y PURW-SR
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(S Hliae i §a80 Sld 52
1.25 (¥ 4.0 (v 5.85 (¥ 5.25 ()
¥oans
HR e Caaglile
oV. = 90.17,/f.b,d = 90.17 X \/f.b,,d
(OSee fiS1a2) (b LoV (b Casglis
Vs = Vyax — Vi = @(V, + 0.66\/f.b,,d) — @V, = 90.66,/f.b,,d
0.66

=——=23.88
0.17

o~ | N
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FAY
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S gn b Sl3 Yo KN o Yoo kN L5 J5 Saxen L (O
S o b Sl Boo kN 4 Voo kN § 5 IS Sea s L (Y
A8 o by 2l5il Foo KN &y Voo kKN 51 5 I5 Szs 8 L (T
Qﬂl&&.&,bﬂy:ﬂuﬁfﬂhohu’)dOﬁim‘;&é}wﬁsywjb(f
Voanss
Lv S ).s‘).vf».\)é dof)J‘d&
bl plp Kieed b cogar 5l L8
P

7<V.=50kN — P<100kN

b Sl plyy (S35 L (nlnle 5 092 vls> Vi = SV = 250 RN il 25las 15 (o Canglie Cass 51 g

P
E<250kN - P <500kN

(hTuUwTU-lJﬁ):JJQUJJJb;yJJSJJa shd 0oty bl..:.;ch.i..u_,.l)_b PLIRCRP A

(AR T olhac pmslgs)
' fo=TAMP? 140/ kN (1
fy-\‘“* +Mpa )
VAY/Y¥
vE. Py emm CIC / N (Y
W\O\’*-mmC’C ‘-FP/’f kN(T’
" YA$/A KN (¢
o, 7
2o 5kl 5l b By Coglie dnsle jo culpln 5 ail oo d/2=340/2=170 mm ,5 ;5 b Sgals alols iSlas
gl Hhi B ,0 08@200

340 ,
OV, = @V, + @V, = 0.75 X 0.17 X V28 x 350 x 340 + 0.75 X — X 2 X 7 X 52 X 300
=80.2 4+ 80.07 = 160 kN

(A1 SIT olpac amales) f o ol 0% Slas! 53 5 Syl S G-‘,-’J'l"'.‘ PUICRER A
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©16@100 mm, F, = 350 MPa

b = 1000 mm
[ £ [ he =200 mm
4 = 800 mm @12@125 mm, F, = 400 MPa
i [  ©10@80mm,F, = 300 MPa
)
r—
b,, = 200 mm

A, 78.5 % 1
V, = z?dzfy = (—x 800 x 300) +(

80

&

wﬁ\f"

M 6yl oo

d—:’;—’h.-.a-_—’f.b codot ool OLLLS J“:J—' (_g_)LlSJ\})_! LJJ.»LE_AJ._JJJ o,

sxBa B = 1 [e) Cod S S5 Sy 4 b sasY

113 x 2
125

(o4
AVY KN (y
ova kN (v
1o Y0 KN (v
14Fo KN (F

X 800 x 400) = 814 kN
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Example:

The simply supported beam shown below is loaded by a service dead load of 40 KN /m, and
a uniformly distributed service live load of 25 KN /m. Design vertical stirrups for this beam.
The concrete strength is 25 MPa, and the yield strength of the stirrups is 412 MPa.

AN
AN
‘26 cm

- 5.5m
| 100 cm |
I ]

Solution:

Wyp =12-40=48 KN/m, wy;, =16-25=40 KN/m

wl (48+40)-55
V, at face of support = 7 =5 = 242 KN,
. wy,l 40-55
V, at midspan = - = 3 =275KN,

w,; =40 KN/m

EEREEREREEN
wy, =48KN/m
re v v b e e bbby ved by edy by

A -,

55m

242 KN Critical section at d from the face of

support

27.5KN

.—Jd=260mm

275 m

[ A

242 KN

Critical section at d = 260 mm from the face of

support.
V,atd = 260 mm.

242 — 275 y
— — d|= 260
275 275—026 Y~ 19%22KN 4—2|

=y+275=194.22 + 275 =221.72KN

2.75m

== \/ftbwd:—-l V25 - 1000 - 260 - 10~3 = 216.67 KN.

Check for section dimensions:

V, . 22172

2_y= —216.67 = 79KN.
¢ 0.75

o

2 2
Vimax = EJ]Tc’bwd = gwlﬁ -1000 - 260 - 10~3 = 866.67 KN

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl =~ cewl xled ”é?.'uo 53 L" 093> (pl e Lacl VFY

www.hoseinzadeh.net



&

wﬁ\f’b

V; = 79KN < V;ppar — 866.67 KN — the section is large enough.

Check for Vs pmin:
1 b,s
Aymin = Te J 4 E but not less than
1b,s

~ ol 1 5 _1
vamin = 3 contro TeVhk =16<3

1 1
Vomin = g V/Febwd = Edzs- 1000 - 260 - 10~3 = 81.25 KN

1 1
Vimin =3 hod = 21000260+ 102 =86.67KN  — control

¢Vc < V‘u < ¢(Vc + Vs,mi'n)
0.75(216.67) = 1625 KN < V, = 221.72KN < 0.75(216.67 + 86.67) = 22751 KN

Or V, = 79KN <V, pin = 86.67 KN — Case lll

Ay mi 1 b Ay omi 1b
== but not less than —=— = =—,
s 16 [yt s 3fn

Aymin 1 —1000
o= E‘IZSE = 0.7585

Apmin _ 11000

S 3 X E = 0.80906 — control
Use stirrups 2U-shape {4-leg stirrups) & 8 mm with A, = 4-50.27 = 201.1 mm?
2011
— - = 0.80906 = s§5=2486mm

d 260
s,,m,_E:T:BOmm—(:(mtrol

Take 2U-shape (4-leg stirrups) @ 8@125 mm < 5., = 130 mm

Smax < 600 mm,

/ 2 8@125 mm
™~ — yy
Z8@125 mm §
0
o3
L
-~
O 8@125 mm
100 cm

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl =~ cewl xled ”é?.'uo 53 L" 093> (pl e Lacl Y FY

www.hoseinzadeh.net



&

wﬁ\f’b

Groe slays -V ) -F

9.9—Deep beams
9,91 General

9.9.1.1 Dcep beams are members that arc loaded on onc
face and supported on the opposite face such that strut-like
compression ¢lements can develop between the loads and
supports and that satisfy (a) or (b):

(a) Clear span does not exceed four times the overall
member depth &

(b} Concentrated loads exist within a distance 2k from the
face of the support

9.9.1.2 Deep beams shall be designed taking into account
nonlinear distribution of longitudinal strain over the depth
of the beam.

Avhn ) Av . )
(B Dy seilesT L B b 3eileyT 3} w0 5 yailoyT

= PP -T seilest

Sn1 \¥ W6 o syl
= - fgf ES 5 s 595k 5T
n .
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Vb om0 5 o 55l 5 a0 50 S
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i o3y s glej ) (b 4 by e Slowlae o

M, = pAF,Z = 0.9A,F,Z

M, = AE,Z

M, = As(1.25 X F,)Z

Coew 46 04lg) 09, S1EFy jlles Sl jo 25 o)l Jleio] aSyl 4y a> g5 L (g alaly) Jotome  sies )5 dlos 4o
YU cogo ol slo 25,5 50 (25,5 (Swigd o Ol Sl ogiue (2,8 L2SFy bl o0 Se jo (i (0gd i )5 (Saigds

23l ol (ol e 5l G 0 Shee (go8ly rpbed (15 Conl (S (rized 098 (00 9,80 p0 (5 (3,
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Cowl oo 0ols ylid Jadiome g (somol citas pglie S dile 050 digad SO 3 Jlie o
Y ol
2ot (B1x) 5)Lid 4ol Gos oo pglin (pduos S dlons 50 4oyl i Sy 5o —FY
S LS H9ilo,yT gedans 35 00 U (65 L3 4U 3 5590 aloli d 4 sl ool Gy 0.22d
fogu adaiio (il (5151 (ool paliie pies ;50 &y Jasima pglio (siod ySKi) Capd Cnn
o9 wplys uix>

1.10 (¥ 1.16 (v 1.21 (v 1.25 ()

Yaus
ls Ceway p abal) 5l cdes Cooglie Ay g Bx Jlade ol Liad Coaglie dnle ol

(0.85f))

(ab)(0.851))
(ab)(0.85f)) E

t %
— I PA6)
A (E)
As(E,) = (ab)(0.85f)) - a=ﬁx=M=022d
s\ e (b)(0.85f)

0.22d
~ M, = AF,Z = A(F, (d - ) = A,F,(0.89d)

loe ey o abal) 5l Jdes Ceaglin aoeil jo g Bx Jlade ! ez s Canglie Al

(ab)(0.851))
(ab)(0.85f)) E -

2
2 2

— P, 25F)
A,(1.25F)

A,(1.25F,) = (ab)(0.85f)) - = Bx = As(1.25F,) =1.25 % 0.22d = 0.275d
_ _ L. A 5) _ _
s(1.25E, a 85f1; a=fx ()(0.85F) 25 % 0. .

0.275d
> M,, = A;(1.25F,)Z = A;1.25F, (d - ) = AF,(1.0781d)

My, _1.0781
M, 089

=1.21

A dalgs soliiwl etz S5l (Gl ool (o slo i 40 aS) s Cud b bl p o b 5 lge o
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— Mprs Notes on Fig. R18.6.5:
_ <_
Ves 1. Direction of shear force V, depends on relative magnitudes
of gravity loads and shear generated by end moments.
Column shear .
ly / 2. End moments Mp, based on steel tensile stress of 1.25f,,

where f, is specified yield strength. (Both end moments
should be considered in both directions, clockwise and

Vea counter-clockwise).
M r}/ L—Yl 3. End moment Mp, for columns need not be greater than
P 1 Vo g = Mors + Mpra moments generated by the M, of the beams framing into
Py ’ ly the beam-column joints. V, should not be less than that

. . required by analysis of the structure.
Fig. R18.6.5—Design shears for beams and columns.
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6 2
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18.4—Intermediate moment frames

18.4.2.4 At both ends of the beam, hoops shall be provided
over a length of at least 24 measured from the face of the
supporting member toward midspan. The first hoop shall be
located not more than 50 mm from the face of the supporting
member. Spacing of hoops shall not exceed the smallest of
(a) through (d):

(a) d/4

(b) Eight times the diameter of the smallest longitudinal

bar enclosed

(c) 24 times the diameter of the hoop bar

(d) 300 mm

(39| 4/a
s<
60y (o 25T )

150mm di4

(fawsgi) Bdp (/5w s9lesT 58)

24dy (w5 55 ) ;
78 il -
¢ L m

o

|~

< -7 =

L | Lol

2h s<da 2h
s<dr2

18.6—Beams of special moment frames

18.6.4.4 The first hoop shall be located not more than 50 mm
from the face of a supporting column. Spacing of the hoops
shall not exceed the least of (a) through (c):

(a)d/4

(b) Six times the diameter of the smallest primary flexural
reinforcing bars excluding longitudinal skin reinforce-
ment required by 9.7.2.3

(c) 150 mm

A Slesle
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600
S < Min (T'8 X 20,24 x 8,300) =150 mm
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18.6.4 Transverse reinforcement

18.6.4.1 Hoops shall be provided in the following regions[> 18.6.4.2 Where hoops are required, primary longitudinal
of a beam: reinforcing bars closest to the tension and compression faces
shall have lateral support in accordance with 25.7.2.3 and
(a) Over a length equal to twice the beam depth measured 25.7.2.4. The spacing of transversely supported fle
from the face of the supporting column toward midspan, reinforcing bars shall not exceed 350 mm. Skin reinfo

at both ends of the beam ment required by 9.7.2.3 need not be laterally supported.

(b) Over lengths equal to twice the beam depth on both \'l
sides of a section where flexural yielding is likely to occur N
as a result of lateral displacements beyond the elastic 25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and
range of behavior. (b):

(a) Every comer and alternate longitudinal bar shall have
lateral support provided by the comer of a tie with an
included angle of not more than 135 degrees
(b) No unsupported bar shall be farther than 150 mm clear
on each side along the tie from a laterally supported bar
Ole 03 (S wb 25 (Jsb sled Ko (Sl7e (219 55 sl 99 5 bawgio Gy BN oy slays )0 @
2813 5 ol o 5 350 B b 5 Jler 551 Jie (s (s J5bo 0,50ho ale) s Jlgn (g5 455kl bass

bs.a Mb} ‘a)y ).».’ ‘_;‘BL@‘ dl.??.».u) u_i’ ‘6’9“")“" L W) ug.nl? NSJ 5 09)'{-9 crg.».ml)

s oo las |y g (Sl ol o ey Jsb slo,sile)] le s 5l sl iges p IS

Wheraslabisonboth  Where slab is Where there is no slab, or slab
sicles of crosstie, on one side only, does not confine crosstie, use crosstie
alternate 90° and place 90° hook so with 135° hooks (shown), use double
135° bends it is confined by slab crosstie, or use hoop without crosstie
$< 14" (350 mmy}) \ _l
+ FL + L L L

(a) (b} {o) (d)

Notes:

1. Beam longitudinal bars are to be supported by hoops and crossties to resist buckling under deformation reversals.
Hoop legs and crossties are arranged such that every corner and alternate longitudinal bar has lateral support
provided by the corner of a hoop or crasstie with no bar farther than &in (150 mm} clear from a supported bar.

2. Horizontal spacing of crossties or legs of overlapping hoops not to exceed 14 in (350 mm).

3. Alternate crossties (1) end for end unless otherwise noted.
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Al (12ZDHLAE) oS 5 cow 5 iSlas 5 Factored Mu3
2l o (L2ZDHLA2E) ply g0 dyly 5l s o (69, Factored Vu™* e

2ol oo (12DHLA2E) ply g0 a3y 1 Cow by (g9, Factored Mu™ e

siilia (LI 5 sl 55 b b sl S5l 5 i, Capacity Vp o

. Quln ale s .
Al () 85 L 5 26 by Gravity Vg e
Adilo 5 glel g0 byl el s, 50 Mneg s Mpos e
Sl oy a3 )5 ka0 Z70.9d o ,&5 & jao a4 (LS Do Slawlre (0 (e G55k (ode> Caglin dle 0 a>gs @
2, Sglds |8 Do Slewle gl b (Sl ) Jsozr @mls cuz (oo s
i bl 5l Jol> Jlaie iSTa> Design Vu2 e
Viz = Max(V, + Vg, V3)

Design Forces

Factored Factored Factored Factored Capacity = Gravity

Vu2 Mus Vur My~ Vp Vg
kN kN-m kN kN-m kN kN
153.783 -296.158 236.079 -526.498 112.219 69.051

Capacity Moment

Long.Rebar Long.Rebar Capacity Moment Capacity Moment

As (Bottom) As (Top) Mpos Mneg

mm? mm? kN-m kN-m
Left 1520 1900 248.191 304.199
Right 1520 2280 248.191 357.79

Design Basis
Design  Conc.Area Area Tensn.Reinf  Strength  Strength LtWt.Reduc

V2 Ac Ag Ast fys fes Factor
kN cm? cm? mm? MPa MPa Unitless
181.27 1980 2250 2280 300 25 1

Shear Rebar Design

Stress Conc.Capacity Uppr.Limit Conc.Capacity Uppr.Limit RebarArea Shear Shear Shear

\" Ve Vmax PVc (PVmax Avls (ch (st (an
MPa MPa MPa MPa MPa mm?*m kN kN kN
0.92 0.83 4.15 0.62 3.1 585.49 123.306 57.963 181.27
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Frictional

forces ™
™,

fs ®
(a) Test method. (b) Bar stress. (c) Bond stress.
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Bearing and friction
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Development
Length, L4

Load = Resistance
Concrete fA, = u(mdyly)
Block fy(ndy?) = u(mdyly)
4

Average

Bond Stress, 1 Bar Force, T = fA,

Figure 2-1: Simple concept of bond stresses
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CHAPTER 25—REINFORCEMENT DETAILS

25.4—Development of reinforcement 25.4.2.5 For the calculation of ¢; modification
25.4.2 Development of deformed bars and deformed factors shall be in accordance with Table 25.4.2.5.
wires in tension Table 25.4.2.5—Modification factors for

25.4.2.1 Development length £; for deformed bars and development of deformed bars and
deformed wires in tension shall be the greater of (a) and (b): deformed wires in tension

(a) Length calculated in accordance with 25.4.2.3 or

. . . . Modification Value of
25.4.2.4 using the applicable modification factors of factor Condition factor
25.4.2.5

Lightweight concrete 0.75

(b) 300 mm Lightweight &
. Normalweight concrete 1.0

25.4.2.4 For deformed bars or deformed wires, £, shall be
calculated by: Reint t Grade 40 or Grade 60 1.0
emtorcemen Grade 80 115
grade y,

Grade 100 1.3

_ 1 fJ V.V V¥, db (25.4.2.42) Epoxy-coated or zinc and

d 11 ’ epoxy dualcoated reinforcement
1.1 7"\/ I [Cb +K, j with clear cover less than 3d, 13

db or clear spacing less than 64,

Epoxyly, | Epoxy-coated or zinc and epoxy

in which the confinement term (¢, + K,,)/d, shall not exceed dual-coated reinforcement 1.2
2.5 and for all other conditions
()
404 Uncoated or zinc-coated L0
= " (25.4.2.4b) (galvanized) reinforcement ’
r S}/l
No. 22 and larger bars 1.0
Size y, No.19and smaller bars
where n is the number of bars or \yires being developgd or and deformed wires 08
lap spliced along the plane of splitting. It shall be permitted
to use K, = 0 as a design simplification even if transverse Casting More than 300 mm of 1.3
nf ti t ired tion(] fresh concrete placed below
reinforcement is present or required. position!] y, horizontal reinforcement

Other 1.0

MThe product yay, need not exceed 1.7.
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C+K,
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R8P ) prolin J| KaaliS g stigdign aliog b g plad Joa K1 g0 &F GALS 5laygila ]
Aol it 9 3 429y LIS95 31 )%k 3Fp0 aiolh e 30 (13 KS il €) Seml

y (Wdlsgn a3 ;Sse 3500 G 5550
|
' 3.30 (1
600 mm [ 2.50 (v
220 ¢
" " 2.00 (¥
300 mm

Cover to rebar center =50+ 12+ 12.5 =74.5mm
il Cosl ol o ) (G225 (Sloo e 50 b3S 50 alold

300 — 74.5 X 2 _ 75.5
Spar to bar = > =755 - ¢ = Min (74.5,7) = 37.75mm

_40(2m x 62)

K = 50x3 20.1 mm

ker +¢ 20143775 -
d, 25 B
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C25 5400 400 x 1.3 x1x1

f
p<20mm - ;= = d, = 50d
d - b d 21\/% b b
2.11 fc
5 b o Shat 4 20 l FYY Y €25 5400 l 400x 1.3 x1x1 p 61d
Q= mm - = = =
d b d 17@ b b
\ 1.74 |f
s 20 l F,YY.Y 4 €25  $400 l 400x1x1x1 p 384
d - b d 21@ b b
214 |f
= . C
5 S 0 St g FYVY.Y €25  S400 400x1x1x1
(pZZOm‘m - ld: 4 g b ld: db:47db
171 | 1.74/25
\ ' fc
25.4.2.3 For deformed bars or deformed wires, £, shall be
calculated in accordance with Table 25.4.2.3.
Table 25.4.2.3—Development length for deformed
bars and deformed wires in tension
No. 19and smaller
bars and deformed | No. 22and
Spacing and cover wires larger bars
Clear spacing of bars or wires
being developed or lap spliced
not less than dj, clear cover
at least dj, and stirrups or ties
throughout ¢, nf)t'less than the [f A \Ing [f AR J
Code minimum
or RYNIT LIS
Clear spacing of bars or wires
being developed or lap spliced
at least 2d, and clear cover at
least d,
Other cases AAZ ‘I/g IAAAT
147\\/7 1. m\/_
v I
=,
e @ ’
zdb /22db
_'I "_L" stirrups or ties throughout £4not less
@ @, than the Code minimum
=d,
| i
=d, Minimum cover
Zdb
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25
40 + 1O+7= 62.5 mm
\ ok slos Sle (o alls alols
— M 400 400 -2 x50—-5x%x25
— ( ) =43.75mm

iia. rrrr-] 1’ 4
nn &00 mm
Uuﬂ_ AAv)
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L A
F4UuUu—+ Il ] VYV
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43.75 > 25
A, A, YWY, f, 1.3x1x1 400
D _ 157 >(_) [, =——tetg Jy 4 _ X ——d, = 61.17 X 25
s mm min (% 17X Jp T 17x1 V2 "
Bar size = 25mm = 20mm
= 1529 mm
(@0 akly L) yui J&10 50 jlgs Jobo alone
400 mm
—_—
- o 68.75\
11 10+10+12.5=62.5 = Min (62.5,7) = 34.375mm (c n ktr) gt < gs
(400-2x62.5)/4=68.75 _ 404, 40 x 2(mw x 52) _ 20.93 p /o '
™ sm  100x3 = 7
- wtqleqfsq{qxwfy < d _1.3><1><1><1X0.9x400d 42 % d = 1058
d — 1 (cJ:iktr) \/E b~ 1x2.21 \/ﬁ b B mn
b

(oud oolw ally b) Hlgs J&19 50 oo Job il
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] 43.75 + 25
c = Min (62.5,—) = 34.375 mm c + ktr 34.375
S ( ) - ~ 1375 < 25
v d 25

Ktr = = 0 (oo, Doz Hlgss J51s 40)
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25.4.9 Development of deformed bars and deformed wires
in compression

25.4.9.1 Development length £, for deformed bars and
deformed wires in compression shall be the greater of (a)
and (b)

(a) Length calculated in accordance with 25.4.9.2
(b) 200 mm

25.4.9.2 ¢, shall be the greater of (a) and (b), using the
modification factors of 25.4.9.3:

0241y
yrr db
“ [—Wz ]

(b) 0.043/,y,d;

25.4.9.3 For the calculation of £, modification factors
shall be in accordance with Table 25.4.9.3, except y, shall
be permitted to be taken as 1.0.

Table 25.4.9.3—Modification factors for deformed
bars and wires in compression

Modification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, if £, is In accordance
A specified with 19.2.4.3
Normalweight concrete 1.0

Reinforcement enclosed within (1),
2), (3), or (4):
(1) a spiral
(2) a circular continuously wound tie
Confining with dj, > 6 mm and pitch 100 mm

reinforcement | (3) No. 13 bar or MD130 wire ties in 0.75
v, accordance with 25.7.2 spaced < 100
mm on center
(4) hoops in accordance with 25.7.4
spaced < 100 mm on center
Other 1.0
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CHAPTER 25—REINFORCEMENT DETAILS

o =hs 05,5 g Jobo -7

25.6—Bundled reinforcement

25.6.1.5 Development length for individual bars within a
bundle, in tension or compression, shall be that of the indi-
vidual bar, increased 20 percent for a three-bar bundle, and
33 percent for a four-bar bundle.

25.6.1.6 A unit of bundled bars shall be treated as a single
bar with an area equivalent to that of the bundle and a
centroid coinciding with that of the bundle. The diameter
of the equivalent bar shall be used for dj in (a) through (¢):

(a) Spacing limitations based on dj

(b) Cover requirements based on dj,

(c) Spacing and cover values in 25.4.2.2
(d) Confinement term in 25.4.2.3

(e) y. factor in 25.4.2.4

sl ¥ lee Job S 18 USS Billae QU T 5 QBT 3,80 095 ©j90 0 B slas Ko &5 (5550 0 1l
Sads vabaie 25mm ol o Koo Jhad auS aculxe 380 alayl) sl oolaiwl b jlgs J5Is jo SBsd slas Ko 09,5
400 mm 400 mm

® X ¥ © 0 O 3535 mm = LY 5 Sl Jolro b
¢ 433 mm = LY o Sl Jolro ,hd

Glgs J2 1o 50) ob aw slao Sl Jloe Job dlons
400 — 2 X 71.65
— — 64.175
= 64.175) = 64175 mm} S (BT - g

4
Ktr=20

433
c = Min (50 +—=71.65 ,
2 43.3

<25

E, W W ¥, ¥, 400 X 1.3 x 1

= x (1.2d) =
T () 11 x 1 X V25(1.48)

X (1.2 % 25) = 76.65xd = 1916 mm
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S

Lead-in length

Bearing stresses

Tail

(a) Forces acting on bar.

25.3—Standard hooks, seismic hooks, crossties,
and minimum inside bend diameters

25.3.1 Standard hooks for the development of deformed
bars in tension shall conform to Table 25.3.1.

Table 25.3.1—Standard hook geometry for development of deformed bars in
tension

Type of Straight
standard Minimum inside extension!!!
hook Bar size bend diameter, mm {oxry mm Type of standard hook
No. 10 through Point at which
No. 25 & 6d}, bardls developed
No. 29 through 8, ‘ ! * ..\gg;%egree
90-degree No. 36 | b
lzdb l \
hook | Diameter—"~~
No. 43 and | Lext
No. 57 104, |
| ¢
! & !
No. 10 through 6d Point at which
i !
No. 25 b / bar is developed
No. 29 through od . g ""1 ™~
180-degree No. 36 b Greater of | ' 7 180-degrea
hook 4d, and 65 mm | Diameter _]Aﬁ bend
|
No. 43 and
! oxt
No. 57 10d, | . I-‘*i/]/
1 dh

(1A standard hook for deformed bars in tension includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.
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25.3.2 Minimum inside bend diameters for bars used as
transverse reinforcement and standard hooks for bars used
to anchor stirrups, ties, hoops, and spirals shall conform
to Table 25.3.2. Standard hooks shall enclose longitudinal

reinforcement.

Table 25.3.2—Minimum inside bend diameters and standard hook geometry
for stirrups, ties, and hoops

Type of stan- Minimum inside | Straight extension!!!
dard hook Bar size | bend diameter, mm {exs, MM Type of standard hook
No. 10
through ad, Greater of 6d;, and db—* —_90-degree
75 mm c bend
90-degree No. 16 * ;
hook No. 19 W Y,
through 6d, 12d, Diameter oxt
No. 25
No. 10 d, .1
=~
thro 44, 135-degree
] o u‘gll b . o ] F 7N bend&g
135-degree No. 16 Greater of 6d; and y
hook No. 19 75 mm Diameter — /
thl'Ollgh 6db Zext
No. 25
No. 10 d
through 4db —+ ‘\
Greater of ¢
180-degree No. 16 t/ 180-degree
hook No. 19 4dj and Diameter —<| bend
65 mm
through 6d,, Lox
No. 25 —

A standard hook for stirrups, ties, and hoops includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.

DS ax g 0 Ol 0 Oglis 4y il ool e M lawgs 928 5 020 o Khe 5 Sy o

)

T 4320 a7
! dy LT
3d, AT
dp,=20mm <
Ie » 16dp| 154, b -
AN 4920 v\
™= 4528 < lan =
LL dy s
ad, S
dp=28mm <
~ » 17d,, 12d, b o
AR 4528 w
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Cross-tie

Max(6d, ,75 mm)
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Alternate hook position of
each successive crosstie
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25.4.3.4 For bars being developed by a standard hook at
discontinuous ends of members with both side cover and top
(or bottom) cover to hook less than 65 mm, (a) and (b) shall
be satisfied:

(a) The hook shall be enclosed along £, within ties or stir-

rups perpendicular to 4, at s < 3d,

(b) The first tie or stirrup shall enclose the bent portion of

the hook within 2d, of the outside of the bend
where dj, is the nominal diameter of the hooked bar.

Ties or
Less stirrups
than required
L /¢ Less
2% in. 9 A | dh o
2%z in.
Section A-A

Sectional Elevation
Fig. R25.4.3.4—Concrete cover according to 25.4.3.4.
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Epoxy- coated 1.2

Uncoated 1.0

_ Yetbrthotp 0.043f, diS L <42MPaD) v = £7105+06
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With side cover normal to

DV, =16
plane of hook > 64,
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Design moment capacity

359.7 ft-k

of beam
D 359.7 ft-k

Moment diagram
due to beam loads

(length of cutoff bars)

9.7.3 Flexural reinforcement in nonprestressed beams

9.7.3.3 Reinforcement shall extend beyond the point at

which it is no longer required to resist flexure for a distance |

cqual to the greater of d and 12d;, except at supports of

simply-supported spans and at free ends of cantilevers.

9.7.3.4 Continuing flexural tension reinforcement shall
have an embedment length at least £; beyond the point
where bent or terminated tension reinforcement is no longer

required to resist flexure.

9.7.3.8.4 At lcast one-third of the negative moment rein-
forcement at a support shall have an embedment length
beyond the point of inflection at least the greatest of d, 12d},

and £,/16.

=/— Face of support

c
xé
Moment |

strength |
of bars a.

Paints of inflection (P.I.)

strength
of bars b,

|
|
|
|
Mid-span :
of me?nber—/'T

Moment curve

iz (d, 12d} or £,/16)

>4y

2 (dor 12dp)

DR FE—

B Embedmentofbarsaz> £, L
="l Barsa <PI- ‘J_’—’x £

Bar b

X /s (dor12dy)!
i N fe—2> td—>
Section 12.2.1, or 12.11.2,
or £4for compression when Diameter of bars a
bottom bars used as limited by Section 12.11.3
compression reinforcement at point of inflection

Fig. R12.10.2—Development of flexural reinforcement in a
typical continuous beam.

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl

ol Bl a8 L egim opl e izl Ve F

www.hoseinzadeh.net



b g5lo,T jle) ¥ -

Flexural strength

ofbarsC,D&E
Note: See Section 12.10.5 for
-M, termination of reinforcement
in a tension zone.
/ d, 12d,, (12.10.3)
Criticalsect [~—
ionfor bars Flexural strength
c // of bars D & E
(12.10.2)
Criticalsect
ionfor bars
D
(12.10.2)
d, 12d,, (12.10.3}
Flexural
,/ strength of
bars E
Criticalsec
tionfor
bars E
(12.10.2) d, 12d,, ¢,/16 (12.12.3}
— —
|~ Point of inflection B1.
NN\
= {y bars C |- - \
(12.12.2) + N
ofztgbasD | \
(12104} |- = q bars - Note (a)
(12.10.4) ™~
E '
$ \ \ \ B E See Fig. 4-9(b) for
rs development of itive
Bars D P pos
Bars C moment reinforcement \ 'y

j—/lf—l- \ Note (b)

Note (a): Portion of total negative reinforcement (A;) must be continuous (or spliced with a Class B splice or
a mechanical or welded splice satisfying 12.14.3) along full length of perimeter beams (7.13.2.2).
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See Fig. 4.9(a) for
development of negative

/ moment reinforcement

A
L Note (b) PL. Bars B
P pd 4

BarsA

Note: See Section 12.10.5 for
termination of reinforcement
in a tension zone.

Point of inflection PI.

\

d, 12d, (12.10.3)

—
Flexural strength
of barg B \‘x

/

Critical
section
for bars A
(12.10.2)

\

Critical
section
for bars B
(12.10.2)
Embedment pf Bars B Flexural strength
B (12410.4) of barsA&B
> {ybarsA .
i (12.1)

/ MY

+M,

Note (b): Portion of total positive reinforcement A ) must be continuous (or spliced with a Class B splice or
a mechanical or welded splice satisfying 12.14.3) along full length of perimeter beams and of beams without

closed stirrups (7.13.2.2).

www.telegram.me/hoseinzadehasl

See also 7.13.2.4.
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iS4l o o Ko alas -1-7

9.7.3.5 Flexural tension reinforcement shall not be termi-
nated in a tension zone unless (a), (b), or (c) is satisfied:

(a) V, <(2/3)¢V, at the cutoff point

(b) For No. 36 bars and smaller, continuing reinforcement
provides double the area required for flexure at the cutoff
pomntand V, < (3/4)¢V,

(¢) Stirrup or hoop area in excess of that required for shear
and torsion is provided along each terminated bar or wire
over a distance 3/4d from the termination point. Excess
stirrup or hoop area shall be at least 0.415,,/f;,. Spacing s
shall not exceed d/(8;)
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aM
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9.7.3.8.3 At simple supports and points of inflection, dj

for positive moment tension reinforcement shall be limited Va
such that £ for that reinforcement satisfies (a) or (b). If rein- ‘

forcement terminates beyond the centerline of supports by a ‘

standard hook or a mechanical anchorage at least equivalent
to a standard hook, (a) or (b) need not be satisfied.

(a) £,<(1.3M,/V, + £,) if end of reinforcement is confined

by a compressive reaction 571 7"
(b) La<(M,/ Vit £)if epd of reinforcement is not confined 1/ M,, for reinforcement
by a compressive reaction vu V/ Conﬁnuing into support
M, is calculated assuming all reinforcement at the section P

is stressed to f,, and V, is calculated at the section. At a d

support, £, is the embedment length beyond the center of the Capacity slope M, 2 Demand slope ( v, )
support. At a point of inflection, £, is the embedment length by

beyond the point of inflection limited to the greater of d and M,
by <
124d,. Vu
{a) Positive M, Diagram
End anchorage £; — — T 1.3M,/V, -
e — -
=] Max. £q

Note: The 1.3 factor is applicable only if the reaction
confines the ends of the reinforcement.

{b} Maximum ¢4 at simple support
Maximum effective embedment

length limited to d or 12d,, for £,
/ M,/ v,

J XBars a PR

J p1]

~—Embedment length—
Max. {4

{c) Maximum £y for bars "a” at point of inflection

Fig. R9Y.7.3.8.3— Determination of maximum bar size
according to 9.7.3.8.3.
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1- Lapped splice
2- Mechanical splice
3- Welded splice
4- End-bearing splice
2o Shw dlog F-Y1-4
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WA P IS
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205 50 sles (6518 slwo Koo slail 99 (10l o (55, 5 b 45 3 oI5 Aoy -

Fig. 11-1
Tied column under construction. (Photograph courtesy of
J. G. MacGregor.)
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(Tension lap splice) iS5 o Slo ibg alog-Y-Y

contact lap splices
§
QO 2] ) ) =y =y =y =

bl o (i Ay
Noncontact lap splices

Sl oo Ojgo a4y Jibg alog yo b Jsl ogz
\ O G000

— (@) Forces on bars at splice.

I |

///}”////‘

o w0 ), :
P A A A b
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S oo Jiie b slas Shs 4y 1) 555 il alog Lawsi g slas Slee 5 S 5
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S

Moment, M
Reinforcement tension, T

Bars g tensile stress, f

Bars h tensile stress, f

— Bond stress, u
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25.5.1.1 Lap splices shall not be permitted for bars larger
than No. 36, except as provided in 25.5.5.3.
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25.5.1.3 For noncontact splices in flexural members, the
transverse center-to-center spacing of spliced bars shall not
exceed the lesser of one-fifth the required lap splice length
and 150 mm.

R25.5.1.3 If individual bars in noncontact lap splices
are too widely spaced, an unreinforced section is created.

35 Slobons oo 51 5205 1 alog Jsbo s oo LT a3 o9 e J) iy 35750 ,Khoo lzeo alos doxo o S 53
s S

25.5.1.4 Reduction of development length in accordance
with 25.4.10.1 is not permitted in calculating lap splice
lengths.

25.5.2 Lap splice lengths of deformed bars and deformed

wires in lension Clear spacing
25.5.2.1 Tension lap splice length £ for deformed bars and N

deformed wires in tension shall be in accordance with Table A
25.5.2.1, where £, shall be in accordance with 25.4.2.1(a).

% A ~
Table 25.5.2.1—Lap splice lengths of deformed L
bars and deformed wires in tension !

Maximum
percent of 4, .
spliced within Clear spacing

A provided Asrequired’ | Tequired lap | Splice
over length of splice length type '

50 Class A | Oreater | 1.0¢;and Fig. R25.5.2.1—Clear spacing of lap-spliced bars for deter-
>20 of: | 300 mm mination of L4 for staggered splices.

100 Class B | Greater | 1.3£,and
<20 All cases Class B of: | 300 mm

[NRatio of area of reinforcement provided to arca of reinforcement required by analysis
at splice location.

Y Slewls
oy vb 4 (il dlog b Lhas gis oS 50 45 920 3)50es 33 sl a3 it Jab -YF
w2t 355 33 0T 9% G sama jlne dleoli y21um Bl gn j2aglus 900 iy citend

b Gl il y2a flos
100 (¥ 180 (v 250 (v 150 (»
Vs

900
S = Min (T' 150) =150 mm
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(g o ;hoe o Job
iprice = 1314 = 1.3 X 1048 = 1363 mm
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25.5.2.2 If bars of different size are lap spliced in tension,
£, shall be the greater of £; of the larger bar and £, of the
smaller bar.

0,500 09,5 (inbgy alog

25.6.1.7 Lap splices of bars in a bundle shall be based on
the lap splice length required for individual bars within the
bundle, increased in accordance with 25.6.1.5. Individual
bar splices within a bundle shall not overlap. Entire bundles
shall not be lap spliced.

225 glas! alog -Y-Y

25.5.7.4 Splices in tension tie members shall be made with
a mechanical or welded splice in accordance with 25.5.7.1.
Splices 1in adjacent bars shall be staggered at least 750 mm.
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(Compression lap splice) ,Lis o Sl icligy alog -Yov

25.5.5 Lap splice lengths of deformed bars in compression

25.5.5.1 Compression lap splice length £, of No. 36 or
smaller deformed bars in compression shall be calculated in
accordance with (a) or (b):

(a) For f, < 420 MPa: £ is the greater of 0.071f,d, and
300 mm

(b) For f; > 420 MPa: £ is the greater of (0.13f, — 24)d,,
and 300 mm

For f.! <21 MPa, the length of lap shall be increased by
one-third.

25.5.5.2 Compression lap splices shall not be used for bars
larger than No. 36, except as permitted in 25.5.5.3.

sl (o (o205 0 Sheo alog Jsb 5l a8 (L8080 ,Ss alog b |

9> 5 (SelSe alog -0-Y

el iy alog lp (Rl So (SHe aloy

Qo o5l a5 (60 )lse jo Jlie (gl10) 09 colainl Sle alog 5l conl Sow Cl o5 Jlasl Job a5 (g0 lge o @
(5 oo g 0 4o L3 ol K,

3,8 ls oy a5 Slpigiw jo Jle gl ) 9,5 oolaiwl SOl alog 5l )l oo eVl 0,8l oS15 a5 50,090 )0 @
(350 22lgz YU o S oS15 dlog Joxe jo waijls YL

M5 o 35l S 5 S ool by alos 51 ol g el shaskis V5 51 iy s 15 oS (5350 0 @
ASl (Sl dlog

o ) 553,25 8 omm e 4,3 Ao Joms o8 353 5L 5> & sy ey ool (San (53 30 5 @
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18.2.7 Mechanical splices in special moment frames and
special structural walls

18.2.7.1 Mechanical splices shall be classified as (a) or
(b):

(a) Type 1 — Mechanical splice conforming to 25.5.7

(b) Type 2 — Mechanical splice conforming to 25.5.7 and
capable of developing the specified tensile strength of the
spliced bars

18.2.7.2 Type 1 mechanical splices shall not be located
within a distance equal to twice the member depth from the
column or beam face for special moment frames or from
critical sections where yielding of the reinforcement is
likely to occur as a result of lateral displacements beyond
the linear range of behavior. Type 2 mechanical splices shall
be permitted at any location, except as noted in 18.9.2.1(c).

S0 aliog glgil -1-0-V

:W'.'.)"b ‘_;.ulio 4.1.«09 &9.' 9&
(Typel) \ g =)
(Type2) ¥ gg5 -V

R18.2.7 Mechanical splices in special moment frames and
special structural walls—In a structure undergoing inelastic
deformations during an earthquake, the tensile stresses in
reinforcement may approach the tensile strength of the rein-
forcement. The requirements for Type 2 mechanical splices
are intended to avoid a splice failure when the reinforcement
is subjected to expected stress levels in yielding regions.
Type 1 mechanical splices are not required to satisfy the more
stringent requirements for Type 2 mechanical splices, and
may not be capable of resisting the stress levels expected in
yielding regions. The locations of Type 1 mechanical splices
are restricted because tensile stresses in reinforcement in
yielding regions can exceed the strength requirements of
25.5.7. The restriction on Type 1 mechanical splices applies
to all reinforcement resisting earthquake effects, including
transverse reinforcement.

Recommended detailing practice would preclude the
use of splices in regions of potential yielding in members
resisting earthquake effects. If use of mechanical splices in
regions of potential yielding cannot be avoided, there should
be documentation on the actual strength characteristics of
the bars to be spliced, on the force-deformation character-
istics of the spliced bar, and on the ability of the Type 2
mechanical splice to be used to meet the specified perfor-
mance requirements.

Although mechanical splices as defined by 18.2.7 need not
be staggered, staggering is encouraged and may be necessary
for constructibility or provide enough space around the splice
for installation or to meet the clear spacing requirements.

R18.2.7.1 The additional requirement for a Type 2 mechan-
ical splice is intended to result in a mechanical splice capable
of sustaining inelastic strains through multiple cycles.

25.5.7 Mechanical and welded splices of deformed bars in

tension or compression

25.5.7.1 A mechanical or welded splice shall develop in
tension or compression, as required, at least 1.25f, of the bar.
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18.6.3.3 Lap splices of deformed longitudinal reinforce-
ment shall be permitted if hoop or spiral reinforcement is
provided over the lap length. Spacing of the transverse rein-
forcement enclosing the lap-spliced bars shall not exceed the
lesser of d/4 and 100 mm. Lap splices shall not be used in
locations (a) through (c):

(a) Within the joints

(b) Within a distance of twice the beam depth from the
face of the joint

(c) Within a distance of twice the beam depth from crit-
ical sections where flexural yielding is likely to occur as
a result of lateral displacements beyond the elastic range
of behavior

| alj gprids S by gliylozslis blgs P-YY-4 I
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jDesgn tor ue for this spandrel ;Desgn torque may not be

beam may e reduced because reduced because moment
moment redlslrlbullon is possible redistribution is not possible

N \@
0 75A
A, =

(a) Thin-walled tube (b} Area enclosed by shear flow
path, A,

T
24t
2
24,,0.75A A
T, =24t X7y =2 —2—— P, = (4cp) x 0.33./f!
3 P, P
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22.7.5 Cracking torsion

22.7.5.1 Cracking torsion

T., shall be calculated in

accordance with Table 22.7.5.1 for solid and hollow cross
sections, where N, is positive for compression and negative

for tension.

Table 22.7.5.1—Cracking torsion

Type of member T.,

A4

Nonprestressed member 0-337\:\/7; [p—] (@)
4

Prestressed member 0. 337&\/_ T (b)

o 033077
Non_prestressed_member 0.33) \/Z, ﬁ 1+ N, ©
subjected to axial force P 0.33Ag7\,\/7c’

Stirnups
~—Cracks

Longitudinal bar —

s
Concrete ™
compression
diagonals
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A.,=bh

P, =2(b+h)
A,,=(b-2c)(h-2c)

P =2(b-2c)+2(h-2c)

by

t

b

w

A=b, h+ tf{bf'bw)
F;=2bf+2h

A= b, ;2¢)(h-2¢) +(t -2c) ( bf -2c-b,,)
B, =2(b;-2c) +2(h-2c)

www.telegram.me/hoseinzadehasl
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i S ) oS e 8o b VoA

22.7—Torsional strength

22.7.1 General

22.7.1.1 This section shall apply to members if 7, > ¢ Ty,
where ¢ is given in Chapter 21 and threshold torsion Ty, is
given in 22.74. If T, < T4, it shall be permitted to neglect

torsional effects.

22.7.4 Threshold torsion

22.7.4.1 Threshold torsion Ty, shall be calculated in accor-
dance with Table 22.7.4.1(a) for solid cross sections and
Table 22.7.4.1(b) for hollow cross sections, where N, is
positive for compression and negative for tension.

Table 22.7.4.1(a)—Threshold torsion for solid cross

sections
Type of member T
2
Nonprestressed = 4,
0.0830 —
member ‘/f_”[ p @
L4
Prestressed memb. OOSBXJ]T'[A;) p— ®)
restressed member . | = =
Po 03301
Nonprestressed A N
member subjected to 0.0837\-\/1_:' (—q’] 1+ WHX\/_’ ©
axial force Pop 334 1,

Table 22.7.4.1(b)—Threshold torsion for hollow

cross sections

Type of member Th
Nonprestressed 0,083\ \/7, A_; @)
member ’ ‘\'p
p
Prestressed memb 0083x\/7[’4;) P/ ®)
estressed member . | — —_—
Po )\ 03307
Nonprestressed A N
member subjected to 0-0837%/76' [—g] 1+W (c)
axial force Poy 334 S
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22.7.7 Cross-sectional limits

22.7.7.1 Cross-sectional dimensions shall be selected such
that (a) or (b) is satisfied:

(a) For solid sections

vV : T, h ’ Vc ’
\/(b:d J +(1.;§: J 5¢(bwd+0.66 ch (22.7.7.1a)

(b) For hollow sections

14 1, p, V. ;
(bw_d] + (ﬁ) < ¢(bw—d+ 0.66/f ] (22.7.7.1b)
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22.7.6.1 For nonprestressed and prestressed members, T,
shall be the lesser of (a) and (b):

2A()Alf/'l
(T, =—"""¢cotO (22.7.6.1a)
S
24 A4,
(b) T, =0—/’fytan9 (22.7.6.1b)
D,

where A, shall be determined by analysis, 8 shall not be
taken less than 30 degrees nor greater than 60 degrees; A4, is
the area of one leg of a closed stirrup resisting torsion; A, is
the area of longitudinal torsional reinforcement; and p, is the
perimeter of the centerline of the outermost closed stirrup.

22.7.6.1.1 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
permitted to take 4, equal to 0.85A4,,,.

22.7.6.1.2 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
permitted to take 0 equal to (a) or (b):

(a) 45 degrees for nonprestressed members or members
with Ay fse < 0.4(Aps fou + Asf;)

(b) 37.5 degrees for prestressed members with A4,f;, >
0.4(A s fou + Asfy)

A.,=bh

P, =2(b+h)
A,,=(b-2c)(h-2c)

P =2(b-2c)+2(h-2c)

by

A=b, h+t.(b.-b, )
Pc=2bf+2h

A,;=( b, 2¢c)(h-2c) +(t -2c) ( bf -2c-b,)

B =2( bf -2c¢) +2(h-2c)

[ us.aL‘> ;w?r.u >, &.MBLO.Q -0-A
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9.7.5 Longitudinal torsional reinforcement

9.7.5.1 If torsional reinforcement is tequired, longitu-
dinal torsional reinforcement shall be distributed around the
perimeter of closed stirrups that satisfy 25.7.1.6 or hoops
with a spacing not greater than 300 mm. The longitudinal
reinforcement shall be inside the stirrup or hoop, and at least
on¢ longitudinal bar or tendon shall be placed in each corner.

9.7.5.2 Longitudinal torsional reinforcement shall have a
diameter at least 0.042 times the transverse reinforcement
spacing, but not less than 10 mm.

9.7.5.3 Longitudinal torsional reinforcement shall extend
for a distance of at least (5, + d) beyond the point required
by analysis.

9.7.6.3.3 Spacing of transverse torsional reinforcement
shall not exceed the lesser of p,/8 and 300 mm.

N

9.6.4.2 If torsional reinforcement is required, minimum
transverse reinforcement (A4, + 2A,),.:./s shall be the greater
of (a) and (b):

(a) 0.062\/]7;;—”

(b) 0352

¥

Sob iz slagile,-V-A

9.6.4.3 If torsional reinforcement is required, minimum
area of longitudinal reinforcement A;,,;, shall be the lesser

of (a) and (b):

0.42 C’Acp A4, -
(@) 7\/?_ _j phj;_

7 s

0.42. /7’4 175h
) Jr b [0175 W]ph
/) S
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oS S o yh el a8 L3 V=270 KN iy o Tu=d1 KN im0 31 coss 650x400 mm olel 4 5 g

Al o 025 gac ies o Sl
f! = 28 MPa F,, = 300MPa
iz S 50,5 pekiie 4 sl pae b5l J S -
Aqp =650 X 400 = 260000 P, =800 + 1300 = 2100

2
A 56.2
T, = 0.33\/28( PC”) =56.2 X 10N.mm =56.2kN.mm - T,=41>0.75X -

cp
ghis by oo BB iz Sl Jus =Y
A, = (650 — 80 — 10)(400 — 80 — 10) = 173600 mm? ]
A, = 0.854,, = 147560
P, = [(650 — 80 — 10) + (400 — 80 — 10)] x 2 = 1740 mm}
d = 650 — 40 — 10 — 12.5 = 587.5 mm
V. = 0.17v/28 x bd = 0.17 x v/28 x 587.5 x 400 = 211 kN J

270000\%> (41 x 105 x P,\°
( ) +(——=——>—) =1.805MPa
bd 1.7 x A2,

211000

< 0.75 [( ) + 0.661/28 = 3.29MPa] OK.

ez Pl Lot Dgels dwle -y

_ 2A0AFy; 2 X 147560 X A, X 300 4
nTos T s T, <oT, - —=0617mm
T, = 41 x 10° S

S sl Y gl aslons -E

} V.=V, — eV, =111 kN —>VS .Y=148.6kN.
£
AvdFy B A, X 587.5 x 300
N B N - —2>0.84mm
V., = 148.6 kN S

Y

S AV ailxe -°
Av Total A + 2At

S S =0.84+2x0.617 =2.078
S=100mm A, _rorq = 207.8 mm? - 2.6 910 - Use 3910

1740
100 < Min {— 300} OK.

8
400 400
2.078 >Max{0 062 X V28 x ——,0.35 x } Max{0.4374,0.467} OK.
300’ 300
11.55.2 — Where torsional reinforcement is

required by 11.5.5.1, the minimum area of transverse
closed stirrups shall be computed by

b,s

(A, +2A) = 0.062,[f] - (11-23)
y

but shall not be less than (0.35by, s)/f,,;.
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22.7.7 Cross-sectional limits

22.7.7.1 Cross-sectional dimensions shall be selected such
that (a) or (b) is satisfied:

(a) For solid sections

vV : T, h ’ Vc ’
\/(b:d J +(1.;1/’1: J 5¢(bwd+0.66 fc] (22.7.7.1a)

(b) For hollow sections

14 T, p, V. ;
{bw_ud] + (ﬁ) < q,(bw_d+ 0.664/f. ] (22.7.7.1b)
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22.7.3.2 In a statically indeterminate structure where 7, >
¢ T, and a reduction of 7, can occur due to redistribution of
mternal forces after torsional cracking, it shall be permitted
to reduce T, to ¢ T.,, where the cracking torsion 7, is calcu-
lated in accordance with 22.7.5.
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22.7.3.2 In a statically indeterminate structure where T, >

¢ T, and a reduction of T, can occur due to redistribution of

internal forces after torsional cracking, it shall be permitted

to reduce 7, to ¢ T,,, where the cracking torsion 7T, is calcu-
lated in accordance with 22.7.5.
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Richart et al. (1928) proposed that the axial strength of confined concrete could be represented by

fermax = f¢ + kf3 (3.11)
in which f3 is the smallest principal compressive stress (positive in compression). The test data show

that the value of k is slightly higher for low confinement stress than for higher confinement stress. Richart
et al. (1928) recommended a single value of k = 4.1. Subsequent comparisons with larger data sets

demonstrate that Eq. (3.11) with k = 4.1 adequately models the data trend over a large range of
confinement stresses (Figure 3.15).

6.0 [ ]
® Hobbs; Saucier; Nelissen; Kupfer, Hilsdorf, and Rusch
8 Richart, Brandtzaeg, and Brown &
O Newman [ ]
4 Hobbs
50 @ Hansen
v Balmer le] o
o
40 -
-V
=
]
£
v
“ 30}
ov®
feimax=fe+4.1f3
L
20
1.0
%3
°
e
3
L
000
[
— o 1 1 ) 1 1 >
0.0 0.2 04 08 1.0 1.2

0.6

4

f3lfe
FIGURE 3.15 Comparison of measured confined concrete strength versus Eq. (3.11). (After Hobbs et al., 1977.)
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FIGURE 4.1 Stress—strain response of plain concrete (P) and three confined concrete cross sections. (After Moehle and Cavanagh,
19835, used with permission from ASCE.)
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25.7—Transverse reinforcement
25.7.2 Ties

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and
(b):

(a) Every corner and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
included angle of not more than 135 degrees

(b) No unsupported bar shall be farther than 150 mm clear
on each side along the tie from a laterally supported bar

Equal to or less than 150 mmI7\

1 L1 ]

L

May be greater than 150 mm
no intermediate tie required

L 135 deg max
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(a) Rectangular tied Column

10.7.3 Longitudinal reinforcement

10.7.3.1 For nonprestressed columns and for prestressed
columns with average f,. < 225 psi, the minimum number of
longitudinal bars shall be (a), (b), or (c):

(a) Three within triangular ties

(b) Four within rectangular or circular ties

(c) Six enclosed by spirals or for columns of special

moment frames enclosed by circular hoops " 'ﬂ", B C“'t‘m

oas oolaiul o 599 H9ile,] 5l (6,508 40 9237 MM Jolgd b cilie aies K5 5l lgiw 51 (SO 50 wwmled a9 S0 @

10in e 10N
(254 mm) (254 mm) Notes: No. 13 bars longitudinal (dia. = 0.5 in, 13 mm)
T fy=51 ksi (352 MPa)
WS wire transverse (dia. = 0.25 in, 6.4 mm)
£y =155 ksi (379 MPa)
Clear cover=1in(25.4 mm)
fe=3.68ksi (25.4 MPa}

. 1.5in
_f = "—[-(38 mm)

9.33in
(237 mm)

60in
{1520 mm)

60in
{1520 mm)

>
o
=<
e

Yy A

{a) Tied column {b) Spiral reinforced column {d) Section B-B

FIGURE 5.1 Two test columns. (After Gamble and Thomson, 1977, courtesy of the University of lllinois at Urbana—Champaign.)
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4 1500

/—Spiral fracture

100 500
0 i 1 i i a
0.000 0.005 0.010 0.015 0.020
Shortening/Length % - ¥
(a) Load-displacement relation (b) Columns after testing

FIGURE 5.2 Behavior of test columns under concentric compression: (a) relation between total axial load and total column shortening;
(b) photograph of columns afier testing. (After Gamble and Thomson, 1977, courtesy of the University of Hlinois at Urbana—
Champaign. )
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% Min (h1, h2)
> F. <420 MPa {8)&:’9"" 3 8o (o gl o5 yhad
he—ol ‘_/—SsMin‘y 200 mm
1 “
B X9 350 (2 A g8 sl
& " F,>520 MPa{150 il
" b WYY filos
"
[, =Max L
450 mm
¢
¢'10 St
—r d
S oS g F32 51 !
ol S5 2 §34,51 -
< Ogiw alad 4L
l P12 St ¥ £ :._;f
u 4l g
hl s BSat
T S Min] 16 x (Jsb 8,80 0 i s 5 R
48 X <5 Jlad ‘|§= -
As required for shear e N N "
TR P
Fou 'ﬂh -.; »
. R N
] % Min (h1, h2) PRI
0 . LARUHES
l F.<420 MPa {SXG’}b O Ko oy i g olad g*EE;E >
¥ Y 200 mm b AR LR
S, € Min | R
r \ <S21 F, 2520 Mpa {82035 9550 02752973 o
v> 21150 mm A8
SN
As required for shear )
+
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18.4—Intermediate moment frames
18.4.3 Columns
18.4.3.3 At both ends of the column, hoops shall be provided

at spacing s, over a length £, measured from the joint face.
Spacing s, shall not exceed the least of (a) through (c):

(a) For Grade 60, the smaller of 8dj of the smallest longi-
tudinal bar enclosed and 8 in.

(b) For Grade 80, the smaller of 6d}, of the smallest longi-
tudinal bar enclosed and 6 in.

(c) One-half of the smallest cross-sectional dimension of
the column

Length £, shall not be less than the longest of (d), (e), and (f):

(d) One-sixth of the clear span of the column
(e) Maximum cross-sectional dimension of the column
() 450 mm

18.4.3.4 The first hoop shall be located not more than s,,/2
from the joint face.

CHAPTER 25—REINFORCEMENT DETAILS

25.7—Transverse reinforcement
25.7.2 Ties

25.7.2.1 Ties shall consist of a closed loop of deformed
bar with spacing in accordance with (a) and (b):

(a) Clear spacing of at least (4/3)d g,

(b) Center-to-center spacing shall not exceed the least
of 164, of longitudinal bar, 484} of tie bar, and smallest
dimension of member

25.7.2.2 Diameter of tie bar shall be at least (a) or (b):
(a) No. 10 enclosing No. 32 or smaller longitudinal bars

(b) No. 13 enclosing No. 36 or larger longitudinal bars or
bundled longitudinal bars
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— Q—h'
Min h1/4, h2/4
> >
F,<420 MPa > 6d,
h1 lt } J F,2520MPaC) 5dy,
h2 B S
23,6 — |1 = 5F %
U l As required for shear
450 mm 4 [ Table 18.7.5.4 of ACI-318-19
L, T
s
X : 100 mm < 5, =100+ (20~ <150 mm
Min h1/4, h2/4 ° 3
Tension lap —4 < Jeqp
splice restricted < 27 s, (
to center half of As required for shear h,= Max{ X,-}
member length 1\
. F,<420 MPa C>6dy,
$; £ 4 F2520MPaC) 5d,
'{— 150 mm
) 4 As required for shear
(]
{ 51
‘P o

<

1w 0l C.:J..M.: %) LgL:b.\;.g o 09.9 Jiw Ja;‘yo

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl

Cool il "aie S5 L egir cpl clae Sl YOF

www.hoseinzadeh.net



oligS legginw) ¥ -

18.7—Columns of special moment frames

18.7—Columns of special moment frames

18.7.5 Transverse reinforcement

18.7.5.1 Transverse reinforcement required in 18.7.5.2
through 18.7.5.4 shall be provided over a length ¢, from each
joint face and on both sides of any section where flexural
yielding is likely to occur as a result of lateral displacements
beyond the elastic range of behavior. Length £, shall be at
least the greatest of (a) through (c):

(a) The depth of the column at the joint face or at the
section where flexural yielding is likely to occur

(b) One-sixth of the clear span of the column

(c) 450 mm

18.7.5 Transverse reinforcement

18.7.5.3 Spacing of transverse reinforcement shall not
exceed the smallest of (a) through (c):

(a) One-fourth of the minimum column dimension
(b) Six times the diameter of the smallest longitudinal bar
(c) s,, as calculated by:

5, = 100+( (18.7.53)

350—h, ]
The value of s, from Eq. (18.7.5.3) shall not exceed 150 mm
and need not be taken less than 100 mm.

h, = maximum center-to-center spacing of longitudinal
bars laterally supported by corners of crossties or
hoop legs around the perimeter of the column, mm

18.7.5.5 Beyond the length ¢, given in 18.7.5.1, the
column shall contain spiral or hoop reinforcement satisfying
25.7.2 through 25.7.4 with spacing s not exceeding the lesser
of six times the diameter of the smallest longitudinal column
bars and 150 mm, unless a greater amount of transverse rein-
forcement is required by 18.7.4.3 or 18.7.6.

18.7.4.3 Mechanical splices shall conform to 18.2.7 and
welded splices shall conform to 18.2.8. Lap splices shall be
permitted only within the center half of the member length,
shall be designed as tension lap splices, and shall be enclosed

within transverse reinforcement in accordance with 18.7.5.2
and 18.7.5.3.

Y Slewls
syin glos 4002600 adoiia U o3ty phowe (3as pitans b Fe 3.3 o131 L)) & fypie Sy 0T
S g b Taly gn iy 39 S0 0hg i 058 0ea dl aF gl 90 30 (Gl dasli Jalo Sl

wnat! aliaMa L0 o LoD g pema b sla e

550 mm (v 450 mm ¢4
750 mm (f . 6080 mm ¢
Yoans

3300
ly = Max <T,600,450) = 600 mm
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100 ¢

E 150 (v

g 200 v

: 250 (f

-¥10
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VS
Min( 6d,, 150, shear check) = Min(6 X 18,150) = 108 mm

Y Slewlxs

Opelaet 5 SS90 2395 & 16920 51 20 loe SO0XE00 whaie b 231 (yis S5 (glp=TF
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Faghea 120 (F Fa oo 140 7 o shee 100 (¥ o gon 160 (1
Vs
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s < Min (8 X dp, 48 X dije, 0.5 X y5iw 02, 300, shear check)
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18.7.5.2 Transverse reinforcement shall be in accordance Alterate hook position of
with (a) through (f): each successive crosstie

(a) Transverse reinforcement shall comprise either single 90-degree
or overlapping spirals, circular hoops, or rectilinear hoops bend
with or without crossties.

(b) Bends of rectilinear hoops and crossties shall engage
peripheral longitudinal reinforcing bars.

(c) Crossties of the same or smaller bar size as the hoops
shall be permitted, subject to the limitation of 25.7.2.2.
Consecutive crossties shall be alternated end for end along
the longitudinal reinforcement and around the perimeter
of the cross section.

135-degree bend

25.3.4 Seismic hooks used to anchor stirrups, ties, hoops,
and crossties shall be in accordance with (a) and (b):

(a) Minimum bend of 90 degrees for circular hoops and

(d) Where rectilinear hoops or crossties are used, they 135 degrees for all other hopps_ )
shall provide lateral support to longitudinal reinforcement (®) H°_°k shall cngage lqng1tud1n_al re_mforcement _and the
in accordance with 25.7.2.2 and 25.7.2.3. extension shall project into the interior of the stirrup or

hoop

(e) Reinforcement shall be arranged such that the spacing
h, of longitudinal bars laterally supported by the corner of
a crosstie or hoop leg shall not exceed 350 mm around the
perimeter of the column.

l ) o4 lasen h| {o5
(f) Where P, > 0.34,f.’ or £’ > 70 MPa in columns with ( D%:’ ) ks s ‘:‘Pj"' il )f
rectilinear hoops, every longitudinal bar or bundle of bars (P > 0.345fc) ot oo oy9mm 585 595 51
around the perimeter of the column core shall have lateral o lee by gt Sk slas Koo sles @
support provided by the corner 6f a hoop or by a seismic szl axls

hook, and the value of A, shall not exceed 200 mm P,
shall be the largest value in compression consistent with
factored load combinations including E. (a2l gl o5, ) s a0 V70 s

Bloves glexdl a0 o oad colind glows 5l

A3l (0 ey Gse (Sl 4l 4 g e LIS (Moehle jlacs 57 5 waled azxg ) U0

by (Job slod oo (oaled gz ot 0 9 il (0 03450 51 Lt (g 510 o o (55970 Jb ol Ceonw S0 50
(seismic hook) sitwa ax ;0 VYO o3 sl lo glriw slol "go 10" iomen 0l oo Hlpe oo ,e 0,5 e

Ol 0 Sy Job sloo Koo gz ot 4 5 9l (00 034 f0 5 a8 i o o o (6570 Jb oz Ceoms S5 50
Aol Az YD o1 o Ll g abl a0 A o3 Glilo wilgs e 0aiiS Hlow Blouw Ll SG Il pl o ail onls s
Dl se g Job 55 Ol 0 Su Do 4 Wl 420 1T0 o e Dl o
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« Every corner and alternate longitudinal bar shall
have lateral support, and no bar shall be farther than
150 mm clear from a laterally supported bar.

« Consecutive crossties around the perimeter and
along the length have their 90° hooks on « Every longitudinal bar around the perimeter of
opposite sides of column. the column core shall have lateral support

provided by the corner of a hoop or by a

seismic hook.

« The dimension x; from centerline to centerline of
supported bars shall not exceed 200 mm.

« The dimension x; from centerline to centerline of
supported bars shall not exceed 350 mm.

6db 275mm

. — A
6d,, extension- sh2

— ¥

Xi

il
bc3

X;

|

fozeobe ol

L— X X; X; —’I in xi Xi Xi ’!

(a) P, < 0.3A,f, and f, < 70 MPa (b) P, 2 0.3A,f; or f > 70 MPa
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6d,, extension-l [ sh1
B o Vo] o o o =
X
6
Xi

| A

\

_ 2
Ash- 27

= cross-sectional

sh=37r

: Sluie!
<

dimension of member
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18.7—Columns of special moment frames
18.7.5 Transverse reinforcement
18.7.5.4 Amount of transverse reinforcement shall be in

accordance with Table 18.7.5.4.
The concrete strength factor krand confinement effective-

ness factor &, are calculated according to Eq. (18.7.5.4a) and

(18.7.5.4b).
@ g, = 1’;05 +0.6>1.0 (18.7.5.42)
k, = —
(b) & =" (18.7.5.4b)

1

where n; is the number of longitudinal bars or bar bundles
around the perimeter of a column core with rectilinear hoops
that are laterally supported by the corner of hoops or by
seismic hooks.

Table 18.7.5.4—Transverse reinforcement for
columns of special moment frames

Transverse
reinforcement Conditions Applicable expressions
P,<034,f, and | Greater of 4 f
f.! <70 MPa (a) and (b) 0.3( £ —l]—” (a)
Ach f »t
Ag/sb, for £
tili 0.09=% (b
recht) :)near P> 034 or (G)re?l:e):st o(f; 7, (b)
P fr>70Mpa |\ (c)’an
P
0.2k k,—*— (c)
yttich
P, <034, and | Greater of y £
[ <70 MPa (d) and (e) 0_45[—8— ]]—‘ (d)
Ach f:vt
ps for spiral or 0.12 Lc’ o
circular hoop | P,>0.34,f;' or Greatest S ©
e | @, @)
¢ and (f) P
035, —— (f)
f:vtAch

18.7.5.5 Beyond the length £, given in 18.7.5.1, the
column shall contain spiral or hoop reinforcement satisfying
25.7.2 through 25.7.4 with spacing s not exceeding the lesser
of six times the diameter of the smallest longitudinal column
bars and 150 mm, unless a greater amount of transverse rein-
forcement is required by 18.7.4.3 or 18.7.6.

core

measured to the outside edges of the transverse

reinforcement composing area A4, mm

= cross-sectional area of a member measured to the
outside edges of transverse reinforcement, mm?
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FANN mm’ > Ash oy glaiiT o3y adako gl .l sult G2 plo b3 gl J5d (Sl ) pdafio b (Jakae 0
(fo =YcMPa fy =¥fooMPa FAMM LSS Culy U (i o210 (sablold) il
Y O
1 YEV (Y
___'2[)(1)25 Yoo (v
600 mm ®12at100 vor (f
Y
900 mm .
1080 0.3A45f 51 a8 (gt 5970 S90Sl 2,3 L
0.3 X (A_g _ 1) f_C’
Ash = max Ach Fyt
(s X bc) fe
0.09 x =—
\ Fye )
(900 x 600 1) 0.004608
X - =0.

Asn  _ 810 x 510 /400 A =373 mm?
——————— = max - Agp = mm
(100 x 810) 0.09 X 20 _ 4

' 400
6dp, 2 75 mm A
6d,, extension-l [~ “sh1
AR I A =
X
_f bc2
Asn ]; _Xi
L— X; ——L— X; ——L— Xi ——l
bC1
e
v § ’ el Table 18.7.5.4—Transverse reinforcement for
T TA =3mr? columns of special moment frames
, o N
L_L:JJ Transverse
— - reinforcement Conditions Applicable expressions
s ;;.’ ¢ P,<034,f and | Greater of y £
f.' <70 MPa (a) and (b) ()_3(_3_1]_5 (a)
ch fyt
Agnlsb, for 7
< °‘;:‘ rectilinear Py> 034, or Greatest of 0.09=% (b)
‘ hoap | 770 | ) ), :
‘ (c)
0.2kfk,,i (c)
Ash= 27 rz fytAch
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b. = 600 — 2(45) = 510 mm

A., = (510)? mm?

0.3 X (A—g— 1)f—cl

Ash = max Ach Fyt
Xb.) !
(s be) 0.00 x 1=
\ Fye )
0.3 6007 1 <25)—00072
leax \5102 400/ - Ay, =367 mm?
100510 0.09 25 0.005625 N
. X—=0U.
400
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Dedrga 7,9 C25 00 jl is 9 SO0 £ o 31 o K

(Al g 0aind ] 528 20 Gy 2 2
400 mm

100 mmy
e ' Smm ¢
g 0 mm
2 4 | 8¥:xs
- RO mm (¥
Voan s el
:SO )L.X.O.A ML’?@: [ ]
(400 — 2(40 + 10 + 12.5)) (350 — 137.5)
x; = 5 =1375mm - h,=1375 - s,=100+ 3 = 170

b 150 mm 1 s Wl Sg e

- 5o = 150 mm

Table 18.7.5.4 Llg, olul s alols il arslzo 5 Jyu5 @

0.3 400° 1 (25)—00105\
3X7T><52:Max 13202 400/ —

s X 320

->s<70mm

0.09 25 0.005625
. X —= 0.
400

1l so Gy abal) 51 Slhon 4l o RS alols ) ISS 4 4z g b
da (s

9.A.MJ
51 < Min 7 6 X dp, Sy, shear check, Table 18.7.5.4
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min h,/4, hy/4 h2
h, t 6d
h — b
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°= 3176 M - 1" 7% O e
‘;'50 mm } As required for shear
—4 requirements in Table 18.7.5.4 of ACI-318-14
I, T‘z
+— 100 =100+(32=%) <150 mm
min h, /4, h,/4 mms s,=100+ 7 s
Tension lap —+ 5.< 6d,
splice restricted —_x 3 5o {
to center half of As required for shear he=Max{x;}
member length ——4 {

X
i
6d, °
52 £< 150 mm
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Xi

As required for shear
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18.4.3.5 Outside of length £,, spacing of transverse rein-
forcement shall be in accordance with 10.7.6.5.2.

10.7.6.5.2 Maximum spacing of shear reinforcement shall
be in accordance with Table 10.7.6.5.2.

Table 10.7.6.5.2—Maximum spacing of shear

reinforcement
Maximum s, mm
Nonprestressed Prestressed
V. column column
dr2 3h/4
<033,/f’b,d | Lesserof:
600
d/4 3h/8
> 0-33\/7;1"9‘1 Lesser of:
300
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60y (9% s5lesT 5=8)

150mm
(m”) Bd (Jsb:yhﬂ;w)

= 2ddp(o 5 ) ;
300 mm g8 Sl '|_\l_|:
(0329 9 tawgic)

—J—/1/—is 50 mm 'ﬂI\I
2h s<da 2h
s<dr2

U G3s%0 S35 A5 ST ipe 5O damgin SRS b bryd (SR plitle S 53-TO
oA adadio ge 33 (y5a duasiio (g LS Ceoglio b ol sus 0 12 pl ailb sl yesiw
51 SKaolaS 4y G52 s>195 30 i Jab 50 i sBDg0ls alold ASTus (bl (e
Slaut 1) 5 5du saileyT 4 3L g (ales Sy 9SS (P 3) Toml FSUS3 p5 polie
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25.7—Transverse reinforcement
25.7.3 Spirals
25.7.3.1 Spirals shall consist of evenly spaced continuous
bar or wire with clear spacing conforming to (a) and (b):

(a) At least the greater of 25 mm and (4/3)d,,

(b) Not greater than 75 mm

25.7.3.2 For cast-in-place construction, spiral bar or wire
diameter shall be at least 9.5 mm.

25.7.3.3 Except for transverse reinforcement in deep foun-

dations, the volumetric spiral reinforcement ratio p, shall
satisfy Eq. (25.7.3.3).

A ’
P, 20.45(—*'—1]L

\ “ch

(25.7.3.3)

J Iy
where the value of f;, shall not be taken greater than
700 MPa.

25.7.3.4 Spirals shall be anchored by 1-1/2 extra turns of
spiral bar or wire at each end.

18.7—Columns of special moment frames
18.7.5 Transverse reinforcement
18.7.5.4 Amount of transverse reinforcement shall be in
accordance with Table 18.7.5.4.
The concrete strength factor krand confinement effective-

ness factor k, are calculated according to Eq. (18.7.5.4a) and
(18.7.5.4b).

f(‘;l
175

n

+0.621.0 (18.7.5.4a)

(@ k, =

(b) k, = (18.7.5.4b)

n—2

Table 18.7.5.4—Transverse reinforcement for
columns of special moment frames

Transverse
reinforcement Conditions Applicable expressions
P,<0.34,/ and | Greater of 4 7
f/ <70 MPa (d)and (e) | 0.45 (_g_lJ_c @
Ach fw
p, for spiral or 0.12 S .
circular hoop | P, > 0.34,f' or Greatest S ©
Freqompa | 7@ @©,
¢ and () P
0.35k, —— (D)
weh

Ay = total cross-sectional area of transverse reinforce-
ment, including crossties, within spacing s and
perpendicular to dimension b,, mm?

ps = ratio of volume of spiral reinforcement to total

volume of core confined by the spiral, measured
out-to-out of spirals
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25.2—Minimum spacing of reinforcement

25.2.1 For parallel nonprestressed reinforcement in a hori-
zontal layer, clear spacing shall be at least the greatest of
1 in., dy, and (4/3)d ;.

25.2.2 For paralle]l nonprestressed reinforcement placed in
two or more horizontal layers, reinforcement in the upper
layers shall be placed directly above reinforcement in the
bottom layer with a clear spacing between layers of at least
1 m.

25.2.3 For longitudinal reinforcement in columns, pedes-
tals, struts, and boundary elements in walls, clear spacing
between bars shall be at least the greatest of 1.5 in., 1.5d,,
and (4/3)d,g,.
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(a) Rectangular tied Column (b) Round spiral Column

10.7.3 Longitudinal reinforcement

10.7.3.1 For nonprestressed columns and for prestressed
colummns with average f,, < 225 psi, the mmimum number of

longitudinal bars shall be (a), (b), or (¢):

(a) Three within triangular ties

{(b) Four within rectangular or circular ties

{(c) Six enclosed by spirals or for columns of special
moment frames enclosed by circular hoops
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CHAPTER 10—COLUMNS R10.6.1.1 Limits are provided for both the minimum and
maximum longitudinal reinforcement ratios.

Minimum reinforcement—Reinforcement is necessary
to provide resistance to bending, which may exist regard-
less of analytical results, and to reduce the effects of creep
and shrinkage of the concrete under sustained compressive
stresses. Creep and shrinkage tend to transfer load from the
concrete to the reinforcement, and the resultant increase in
reinforcement stress becomes greater as the reinforcement
L ratio decreases. Therefore, a minimum limit is placed on the
reinforcement ratio to prevent reinforcement from yielding
under sustained service loads (Richart 1933).

Maximum reinforcement—The amount of longitudinal

1 6¢- 25 reinforcement is limited to ensure that concrete can be

Y o/ oS S D [ R (" R S S R,
ud CIICCLIVClY COMnsSo11ddicd arouna e vars and Lo ensurc uldt
N columns designed according to the Code are similar to the

—< test specimens by which the Code was calibrated. The 0.08
— limit applies at all sections, including splice regions, and
b=600 mm can also be considered a practical maximum for longitu-
X252 dinal reinforcement in terms of economy and requirements
Ag 16 x ( p ) for placing. Longitudinal reinforcement in columns should
0.01<p= bh . 600 X 600 0.022 < 0.08 usually not exceed 4 percent if the column bars are required
to be lap spliced, as the lap splice zone will have twice as
much reinforcement if all lap splices occur at the same
location.

10.6—Reinforcement limits
10.6.1 Minimum and maximum longitudinal reinforcement

10.6.1.1 For nonprestressed columns and for prestressed
columns with average f,. < 1.6 MPa, area of longitudinal
reinforcement shall be at least 0.014, but shall not exceed
0.084,. -

530 mm
500 mm

d=

T IWRPPIRTRE 9 0.06 4 Oy ‘;5.'0 o o )..5‘» oG (oo LSLér’b 6%;9....» 30 e PR Y
18.7—Columns of special moment frames
18.7.4 Longitudinal reinforcement

18.7.4.1 Area of longitudinal reinforcement, Ay, shall be
at least 0.014, and shall not exceed 0.06A,.

Dg Coley Wb 30 alog Joe jo 0 Ko S Tas Cudgass g 4S5
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5000 x 10% < 24.31B> — 453<B
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18.6—Beams of special moment frames
18.6.2 Dimensional limits
18.6.2.1 Beams shall satisty (a) through (c):
(a) Clear span £, shall be at least 4d
(b) Width b,, shall be at least the lesser of 0.34 and 250 mm
(c) Projection of the beam width beyond the width of the
supporting column on each side shall not exceed the lesser
of ¢, and 0.75¢;.

[——Ln>4d—

B!

A
L
L
le— O
*— =

b>250 mm
A A b>0.3h
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oligS sleigim (5,Lid Canglion) *

b Sl plyy (S Sledgiw (LAl HLad) (g)lid Cuglin )y Lulg, 4 a5 b
s K5 gt o @P, = 90.8[0.85f; (A4, — As) + F,Ag| = 0.65 x 0.8[0.85f/4, + (F, — 0.85f,)As]

290 b oy = @B, = ©0.85[0.85f, (4, — A;) + E,Ag] = 0.75 x 0.85[0.85f/4, + (F, — 0.85f; )As]

22.4.2 Maximum axial compressive strength

22.4.2.1 Nominal axial compressive strength P, shall not
exceed Py, mqy in accordance with Table 22.4.2.1, where P, is
calculated by Eq. (22.4.2.2) for nonprestressed members and
composite steel and concrete members, and by Eq. (22.4.2.3)
for prestressed members.

Table 22.4.2.1—Maximum axial strength

Transverse
Member reinforcement Py o
Ties conforming to
224.2.4 080% | @
Nonprestressed - -
Spirals conforming to 0.85P
22.4.2.5 N

R22.4.2 Maximum axial compressive strength

R22.4.2.1 To account for accidental eccentricity, the
design axial strength of a section in pure compression is
limited to 80 to 85 percent of the nominal axial strength.
These percentage values approximate the axial strengths
at eccentricity-to-depth ratios of 0.10 and 0.05 for tied and
spirally reinforced members conforming to 22.4.2.4 and
22.4.2.5, respectively. The same axial load limitation applies
to both cast-in-place and precast compression members.

N

reinforcement.

22.4.2.2 For nonprestressed members and composite steel
and concrete members, P, shall be calculated by:

P,=0.85(/(Ag— Ay) + f,Ay

where Ay, is the total area of nonprestressed longitudinal

(22.4.2.2)

1090 (o0 drwle ) Ojg0 & (Ghed (9 (alB RAS) (EES Caaglie
©Pp: = 0E,A; = 0.9F, A,

nonprestressed members.

22.4.3 Maximum axial tensile strength
22.4.3.1 Nominal axial tensile strength of a nonpre-

stressed, composite, or prestressed member, P,,, shall not be
taken greater than P, .y, calculated by:

P nt,max :f yAst + (f;e + A_fp)Apl

where (f; + Af,) shall not exceed f,,, and A4, is zero for

(22.4.3.1)
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o

F Balanced fallure

F_y-‘

400mm.

Audal load resistance, P,
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400 mm dy =336 mm

P, = 0.85 x 25(160000 — 2 X 2462) + 400 X (2462 X 2) = 5265729 N = 5265kN

B alii 5 i 5 ;L8 Caoglie dpnline -Y
&1 =0
_ (336 — 64)
2= 334
a = 0.85x = 0.85 x 336 = 285.6 mm

C. = (285.6 x 400) x (0.85 x 25) = 2427.6 kN
Cs = 2462 X (400 — 0.85 X 25) = 932864.5 = 933 kN

Py =C.+ Cs = 2427.6 + 933 = 3360 kN
@Pg = 0.65 X 3360 = 2184 kN

x 0.003 = 0.0024

My = C. X (g —%) + Cg X (g — 64) = 265728295 = 266 kN.m
@Mp = 0.65 X 266 = 172.72kN.m
et . =000 3m=p
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g5, = 0.002048

3
X = EX 336 = 201.6 mm
a=0.85x =0.85x201.6 =171.36 mm

C. = (171.36 X 400) x (0.85 x 25) = 1456.56 kN

Cs = 2462 X (400 — 0.85 x 25) = 932864.5 = 932.9 kN
Ts = 2462 X (400) = 985203 = 985.2 kN

P, =C, + C; — T, = 1456.56 + 932.9 — 985.2 = 1404 kN

@P; = 0.65 X 1404 = 912.7 kN

2 2 2

@My = 0.65 x 427.37 =277.79 kN.m

400

64

h
) + Ts X <d — E) = 427371184 = 427.37 kN.m

— 0.85f'c

x=2D1.6|

f's

I
£s=0.002

g5, = 0.005
g5, = 0.001476

3
x=§>< 336 =126 mm

a = 0.85x = 0.85 x 126 = 107.1 mm
C, = (107.1 X 400) x (0.85 X 25) = 910.35 kN

Cs = 2462 x (0.001476 x 2 X 10° — 0.85 X 25) = 674.83 kN

Ts = 2462 % (400) = 985.2 kN

P, =C,+Cs — T, = 910.35 + 674.83 — 985.2 = 599.98 kN

@Pp = 0.9 X 599.98 = 540 kN.m

64

400

h o a h h

M, = C, x <§—§)+ Co X <§—64> + T x (d—§> — 359.086 kN.m
oM, = 0.9 x 359.086 = 323.18 kN.m
L0003 0.85fc
l L J—
. . . . X=1%6 Es=0001476 4-107.1 Pg
® o o o | fs
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C. = (0.85 x x X 400) x (0.85 x 25) = 7225 xx N

!

Cs = 2462 X (x x 0.003 X E — 0.85 x 25)

=2462><<x ~ 4><0.003><2><105—0.85><25> N
Tg = 2462 X (400) = 985203 N985.2 kN
Phb=C.+C;—Ts=0 - C.+Cs=T;
x 0.003 x 2 x 10> — 0.85 X 25) =985203 — x =287.9333mm
C. = 7225x = 635.32 kN
* x 0.003 X 2 x 10° — 0.85 X 25) = 349.88 kN
a = 0.85x = 74.74mm

x — 64

7225x + 2462 X (

X

Mp=Cox(2=2)+Cox (2-64)+Tgx (d—2) = 28489 kN.m

Mg = C, x (d —%) + Cs X (d — 64) = 284.89 kN.m

oMy = 0.9 X 284.89 = 256.4 kN.m
= 0.85fc

a=0.85x | P f’szg's*Es

ML—.... x

£'s=(x-d'yx*0.03
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Fig. R10.4.2.1—Critical column load combination.

Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force

-2500

¢
Type of transverse reinforcement
Net tensile stain g,| Classification | Spirals conforming to 25.7.3 Other
Compression-
<
b=y controlled 0.75 @) 0.65 ®)
g —¢€ g —¢€
€y <&<g,+0.003| Transition!!l 0.75+ 0.15u (c) | 0.65+ 0.25M (d)
(0.003) (0.003)
€ > g, +0.003 |Tension-controlled 0.90 (e) 0.90 6y}

UFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.

€qy=0.003 Compressionﬂ\

c

Tension
Transition controlled

[ J < Z .
. >
° : : €=&y €= €, + 0.003

. Compression
N— Reinforcement closest P
) controlled
to the tension face
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Figure 7-10 Reciprocal Load Method
1 1

O $)LE8 Al (555 28 )b PO

My s MX lojor sl S Sl o yaim (5,970 Cud b Py
This equation is simple in form and the variables are easily determined. Axial load strengths P, , P, , and Poy
are determined using any of the methods presented above for uniaxial bending with axial load. Experimental

results have shown the above equation to be reasonably accurate when flexure does not govern design. The
equation should only be used when:

P, > 0.1fA
: ®
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== Failure surface Sz
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Load contour
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Bresler indicated that, typically, a varied from 1.15 to 1.55, with a value of 1.5 being reasonably accurate
for most square and rectangular sections having uniformly distributed reinforcement:

<Mnx )a + <&>a = 1
MnOx MTLOy

10 A
\ Q,
0.8 \ Q N
' O\\ S
v, e\\\
0.6 S
Mny Q\\/
Mnoy
0.4 \
0.2
0 0.2 04 06 0.8 1.0
Mﬂx
MHOX
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P Ne
,—— Load contour .
lslnn"—:y Ln(B%) = Ln0.5 B = 0,5(5)
B
4%
A;
Mhnox
cERSRESE = =
e RN S e =
N SN SElE
" —#‘
Moy ="
Mnoy ~ E
Uni“u>xia|7 moment strength E=-SE=t=t\=

about x axis = Mpgy
-2 about y axis = Mpq
Biaxial moment strength E== =
N about x axis = Mpy
about y axis= Mp, g

0 R 2 3 4 5 & 7 8 9 10

Mnl
MI'IOX
M, )(1-B}. M M 1— M M M
c [=)5) e - “"( B)+ o =1 for o > 2
1.0 Mpox \ B noy ox  Mpox
B
BT
Moy Y (1-B)
My M ( )(_ My = M
Mhoy My, (ﬂ]{ﬂ) -1 . M;ox B J W oy
Mrox Mnoy B
B !
\
45\ M 10 M b (—I_B ) + M M
nx : nx T ny ~ no
Mhox h B J Y Y

For lightly loaded columns,  will generally vary from 0.55 to about 0.70. Hence, a value of 0.65 for
B is generally a good initial choice in a biaxial bending analysis.
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maximum factored sustained
shear within a story

Bas =

maximum factored story shear associated
with the same load combination

2 legra VY

(EDy =~

> P, is the summation of all the
factored vertical loads in a story

Fory,, <2,k=

Fory,, >2,k=09T+y,

20;(\)|Im ,—1+"’m

only (b) or (¢)

A, first-order relative
lateral deflection between

the top and the bottom of
that story due to V.

If 8¢ exceeds 1.5,

shall be permitted

04E 1

+de
(02E,I, +E,1,)

c g

57 se

(ED)y =

(El)eﬁr =

EI
] + Bds

1+Bds

b (EI)%,

Ky

0.755P =

(c) Second-order elastic analysis

A
> P, is the summation

for all sway-resisting
columns in a story

l ke N M, = M, + o.M, r‘Mi shall not exceed 1 A(Mm + M, ) )
- >22 E,} My= My, + 5,My, J
2P, total_ factored r 27 s . [M2 shall not exceed 1.4( Ma,, + M,,) ]
vertical load
ke
\Q (| €>0.05 | K& _,, E> Mi=M, M= M,
2P A r
o= 40
7 v ke . M=
, 0<0.05 “< Min| ke, =M,
V.s horizontal r —=<34+12(M,/M,) [8 shall not exceed 1.4 J
story shear r
40 (Mo, in = Pu(15 +0.03h) |
o 0o " <34+12(M,/M,) E>Mc 8( M » Mimin )
\\ r
\\‘l /’l columns without transverse C =06-04 ﬁ >1.0
| / loads between supports " 5
/l {\ columns with transverse ~ _
u \\) loads between supports. " 04E I
M (ED,, = —£
M—: <- % > For nonsway members, & shall 1+Ba
! be permitted to be taken as 1.0 _(02E I, +E,[)
(ED 4 = ’
maximum factored + By
Bune = sustained axial load EI
dns maximum factored axial load associated (EI )eff = 1 +E3
with the same load combination dns
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10.0 = - 10.0 100.0 — 20.0—"F~_ 100 — 100.0
5.0 = T E 50 50.0 — ) — 50.0
Y7 400 s 30.0 —+ 5.0 — 30.0
3.0 : — 3.0 20.0 — —1 4.0 — 20.0
2.0 — + — 2.0 . - u
_ 10.0 — —+ —10.0
—+t-os8 207 i B — 90
1.0 — —1.0 ‘a — T .-
0.9 — 1 — 09 9] 1 Iy
0.8 — — 0.8 : .
0.7 — — 0.7 5.0 T — 5.0
05—_ _—0.5 . + -
04— 1 " 0.4 3.0—_ 1 _—3.0
0.3 — 0.3 2.0 T — 2.0
7] i K —1 1.5
0.2 — 0.6 — 0.2 _ 1 i
] B 1.0 — + — 1.0
0.1 — — 0.1 7 1 B
0— ——0.5 —0 0— ——1.0 —0
(a) (b)
Nonsway frames Sway frames

W = ratio of 3(El/{,) of all columns to Y(EI/{) of beams in a plane at one end of a column

£ = span length of of beam measured center to center of joints

Nonsway frames Sway frames

k=min [ 0.7 +0.1¥,0.85 + 0.05 y,;, | < 1.0 Fory,, <2,k= 2Oé%\/lﬂvm

Fory, <2,k=09/1+y,
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B dns O -
Bans shall be the ratio of maximum factored sustained axial

load to maximum factored axial load associated with the
same load combination

Bss = the ratio of maximum factored sustained shear
within a story to the maximum factored shear in that
story associated with the same load combination

A dolgz eolawl ¢ dwloee Bds oy il oaid lge ygiw S
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6.6.4.4.4 For noncomposite columns, (EI).s shall be
calculated in accordance with (a), (b), or (c):

04E,I
(@) (ED =

— s 6.64.4.4
1 + Bdm‘ ( a)
(02E1 +E]I)
() (£D),, = g (6.6.4.4.4b)
1 + Bdns
E1
EI) , =—= 6.6.4.44
(©) (ED), 4B, ( c)

where B shall be the ratio of maximum factored sustained
axial load to maximum factored axial load associated with
the same load combination and 7 in Eq. (6.6.4.4.4c) is calcu-
lated according to Table 6.6.3.1.1(b) for columns and walls

Table 6.6.3.1.1(b)—Alternative moments of inertia
for elastic analysis at factored load

Alternative value of I for elastic analysis
Member | Minimum I Maximum
umns A M P
Col 0351, ||080+257% |[1-—*_05-= 0.8751,
and walls & 4, Ph E £
Beams,
flat plates b
’ 0.10+25p)| 1.2-02= |
and flat 0.251, (0.10+ p)( ” ] f 0.51,
slabs

Notes: For continuous flexural members, 7 shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. P, and M,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of .

Bans <2re ) Elesp anslns j3 (NOnsway) ail onds Jloe g 45 (90 50 598 Sl )0 ope 4S5 @

b anlss eslitnl B s 3l S ygo ol 4o (SWAY) wil oot lgs ol 1 Jg 09 o oolii
Ol g1 5 glate gl Slaskidn b ,2Y (gt 99 (il sl b asy] o B Sy 50 -FA
95 bl o0 800 KN s o3led (o031 (55850 5b STyl (yasow 90 yB g ity Sli3ys 1)
1200 KN o5 J5 (55020 )b 51yl pas (ya5w 3 1600 KN JS o1l (5920 5L sTylo Jo!
4500 Jsl g (gl 5l 551090 00 ()3 waly (giw 99 0 51t b Jab 6 Sl
Sl o pighe iz 190> 490 (g 1y ) 5 3455 alaily olesl 1 S KN

5850 (f 5000 (v 4050 (Y 3750 ()
Y oS
_ 7T2(E1e)1 (0.25C1g+551$e)
o (klu)z by s PCI _ (Ele)l _ 1+ Badns I
P = n*(El) Py (El)y (—O'ZECI9+E51”)
cll = (kl—u)zj 14+Bans /g
800
| 1+22
EclgEslse s P 1+ 0
Folylolie o5 P (14 Bansdu _ ( 1;38)” = 1111 - = 11111 - P, = 4050 kN
Por (L + Bans)i (1 + m) Py
1
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6.6.3.1 Factored load analysis

6.6.3.1.1 Moment of incrtia and cross-sectional area
of members shall be calculated in accordance with Tables
6.6.3.1.1(a) or 6.6.3.1.1(b), unless a more rigorous analysis
1s used. If sustained lateral loads are present, I for columns
and walls shall be divided by (1 + B), where By 1s the ratio
of maximum factored sustained shear within a story to the
maximum factored shear in that story associated with the
same load combination.

Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Moment of Cross-sectional
Member and condition Inertia area
Columns 0.701,
Uncracked 0.701,
Walls
Cracked 0.35I, 1.04,
Beams 0.351,
Flat plates and flat slabs 0.251,

Table 6.6.3.1.1(b)—Alternative moments of inertia
for elastic analysis at factored load

Alternative value of I for elastic analysis
Member | Minimum I Maximum
umns A M P
Col 035, ||080+255 |[1-=_05°* 0.8751,
and walls £ A Ph P £
Beams,
flat plates b
? 0.10+25p)| 12-0.2*= |]
and flat 0.251, (0.10+ p)( " ] . 0.51,
slabs

Notes: For continuous flexural members, 7 shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. P, and M,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of 1.
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P, = 800 kN
P, = 400 kN
Pz = +300 kN

1.2D+1.6L L oS 5 Jl cos (Al
l, = 3200 mm -)

1.2 X800

Bans = 1.2 X800+ 1.6x400 0.6<1 -
. 0.4x(4700yZ5) x( 222
Elypp = -8 = 55) 1 25333 x 101 mmt 7
14+ Bans 14+0.6
EI
— (T)column _ 0.7(Dcolumn (L)beam __ 0.7x400 5000 _ 235
Vrop = (%)beam "~ 035(Dpeam . (Lcotumn  0.35x500 ~ 3400 Yy, = 1.675 -¢
Ypor =1
K = min(0.7 + 0.1 x 1.675,0.85 + 0.05 X 1,1) = 0.8675 -°
_ MElers _ p _ mX125333x10% _ 4 051893 N = 16052 kN -t
€7 (klp? ~ ¢ (0.8675%x3200)2 - )
d2DHLAE L S 5 5l e (o
[, = 3200 mm
_ 1.2 X 800 0578 <1
Bans = 157800 + 200 + 300
4
0.4 X 4700V25 X % .
El = =1.2708 x 10
1+ 0578
p oo B _p mXA2708X107 o cag N = 16276 kN
€ (k1?2 ¢ (0.8675x3200)2 B
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P e2=MT2=Maxe e, = Max e = Max(e + 3)
Mo Ma({h l‘_'| l"_'|
\\ Max(e + 5)
'\ P50 + 52)
50‘ 5a\— Max & Max &
1/ .
M,
M
o o fror- Ao
P
P
(@) Column. (b) Maximum (e + 3) {c) Maximum (e + 3)
(a) Deflected (b) Mo. () P-5 Moments. occurs between occurs at one
column. the ends of the end of the

column. column.

A
]
«(SWay) osilr jlae 904 o3Le»
¢
—_ -
«(Nonsway) l> ;L0 b oL F

O 52 SR 0,8 S o byt =021

6.2.5 Slendemess effects shall be permitted to be neglected
if (a) or (b) is satisfied:

(a) For columns not braced against sidesway

ke
L<22 (6.2.5a)
v
M <. M, .  (b) For columns braced against sidesway
M M,
ke,
(\ (} <34+12(M,/M,) (6.2.5b)
\\ \\‘ Is
\\ |
\ / and
\l /
! ki
| / 4 < 40 (6.2.5¢)
,' | r
|
// \\ where My/M, is negative if the column is bent in single
U \_j curvature, and positive for double curvature.
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6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, @, shall be calcu-
lated by:

Q=" (6.6.4.4.1)

where > P, and ¥, are the total factored vertical load and
horizontal story shear, respectively, in the story being eval-
vated, and A, is the first-order relative lateral deflection
between the top and the bottom of that story duc to V.

6.6.4.3 It shall be permitted to analyze columns and storics
in structures as nonsway frames if (a) or (b) 1s satisficd:

(a) The increase in column end moments due to second-
order cffects does not exceed 5 percent of the first-order
end moments

(b) O 1n accordance with 6.6.4.4.1 does not exceed 0.05
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6.6.4.5 Moment magnification method: Nonsway frames

6.6.4.5.1 The factored moment used for design of columns
and walls, M, shall be the first-order factorcd moment M,
amplificd for the cffects of member curvature.

M, =M, (6.6.4.5.1)

6.6.4.5.2 Magnification factor 6 shall be calculated by:
Cm
L

1—
0.75P,
C

5= >1.0 (6.6.4.5.2)

6.6.4.5.3 C, shall be in accordance with (a) or (b):

F 1 th load liedb 6.6.4.4.3 The cffective length factor & shall be calculated
(a) For co s without transverse loads applied between using E_ in accordance with 19.2.2 and I in accordance with

supports 6.6.3.1.1. For nonsway members, & shall be permitted to be
taken as 1.0, and for sway members, k& shall be at least 1.0.

M
C =06- 0,4E1 (6.6.4.5.3a)

2

where M,/M; is negative if the column is bent in single
curvature, and positive if bent in double curvature. M,
corresponds to the end moment with the lesser absolute

value.
(b) For columns with transversc loads applicd between
supports.

Cn=1.0 (6.6.4.5.3b)

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be atleast M ., calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

My pin = P15 +0.03h) (6.6.4.5.4)

If M min cxceeds M,, C, shall be taken equal to 1.0 or
calculated based on the ratio of the calculated end moments
M,/M;, using Eq. (6.6.4.5.3a).

2y i sl S5 sl & il Mmin) a5 51 58 5 gl S0 85 0 0 G356 o 3llas @
gl s el u-*-’T Bl S
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6.6.4.6 Moment magnification method: Sway frames

6.6.4.6.1 Moments M, and M, at the ends of an individual
column shall be calculated by (a) and (b).

(a’) Ml = Mlns + 6les (664613)
(b) My = My, + 8,M, (6.6.4.6.1b)

6.6.4.6.2 The moment magnificr &, shall be calculated by
(a), (b), or (c). If 8, exceeds 1.5, only (b) or (c) shall be

permitted:
(@9, = IL >1 (6.6.4.6.2a)
®) &, = ;EP >1 (6.6.4.6.2b)
0.75%P,

(c) Second-order clastic analysis

where ) P, 1s the summation of all the factored vertical loads
in a story and ) P, is the summation for all sway-resisting
columns in a story. P, is calculated using Eq. (6.6.4.4.2) with
k dctermined for sway members from 6.6.4.4.3 and (El)ey
from 6.6.4.4.4 or 6.6.4.4.5 as appropriate with B4 substituted

for Pays.

A0 (5l
il pleale 3 () goi) gade bl Jobd a3 ORY slagiw (2l 50 15 EY Fl e 30 alw 3l 1A
038 o Jos ar351a S5l i 53 o fgad E3d AT ianl (Y 99
Y g (3
Y gy (7
e gt ge R ced  Fos (7
Al gl gynme Jh e 4 Koy (F
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6.2.3 Methods of analysis permitted by this chapter shall
be (a) through (e):

(a) The simplified method for analysis of continuous
beams and one-way slabs for gravity loads in 6.5

(b) First-order in 6.6

(c) Elastic second-order in 6.7

(d) Inelastic second-order in 6.8

(¢) Finite element in 6.9
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Sway Non-sway

Frame Frame

ké, /Ir<

Yes Neglect Yes u
< .
Kby fr <22 Slenderness 34 +12(M; /My) < 40
No No
[ ]
Moment Nonlinear second- Elastic second- Moment
Magnification order analysis order analysis Magnification
6.6.4.6 6.8 6.7 6.6.4.5

Total moment including second-order effects < 1.4 times the moments due to

first order effects
6.2.6
Yes No
Design for Revise Structural
Total Moment System

awais [, Wb Oyganl pé j0 0eb adel K plp 1451 oo wls wsaisd 5l e K0 el ol gollas o pads

6.2.6 Unless slenderness effects are neglected as permitted
by 6.2.5, the design of columns, restraining beams, and other
supporting members shall be based on the factored forces
and moments considering second-order effects in accor-
dance with 6.6.4, 6.7, or 6.8. M, including second-order
effects shall not exceed 1.4M,, due to first-order effects.
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A, first-order relative
lateral deflection between

the top and the bottom of

maximum factored sustained 04E I
shear within a story (ED, = — £
Bds = N N 1+ B ds
maximum factored story shear associated
with the same load combination B (02E. 1, +EI,)
(ED), =
1 + Bds
20-yp,
Y'P, is the summation of all the Foryy <2,k= 2—(;"\/ 1+ ¥m (EI),, = E1
factored vertical loads in a story | | gory,, >2,k=09T+y, 7T 1+B s
N\ T
1
(a) 6‘:_1 021 \ P_nz(EI)W
— P —2
If &, exceeds 1.5, N #k¢,)
only (b) or (¢) (®) 8, = P 21
shall be permitted - 0.75§1P - YP, is the summation
‘ . . for all sway-resisting
(c) Second-order elastic analysis | | columns in a story

that story due to V.

ke 5 My =M+ 8,Mys (M, shall not exceed 1.4( My, + M,,) |
= >22 =
2P, total factored r Mz = Mans + 8 M, [ M, shall not exceed 1.4( Ms,,; + M,,) ]
vertical load
ke
N7 27°% |®cn B m-m m-m
_ZFA, ’
VL
T usc ke ] 40 M=
P 0<005 | —~< Min| ke, e =M
Vus horizontal r o <34+12(M,/M,) [8 shall not exceed 1.4 ]
story shear
40 (Mo, in=P.(15 +0.03h)|
K, > Min\ ke v
(\ (\ r © <34+12(M,/M,) I:>M”:8(M2 » Mamin )
\\ r
\ /| | columns without transverse M, ACM
\ / (o =0.6—0.4—/ o= =1.0
| / loads between supports " M, 1— F,
I , 0.75P,
/ \ columns with transverse ~ _ ¢
U \\_) loads between supports. " 04E
n? (EI) (EI), =—=%
o= of
% <- % > For nonsway members, k shall k= ke Y’ AN 1+B.
Y u
! be permitted to be taken as 1.0 7 (02EI +EI)
( EI)eﬁr — c'g 5" se
maximum factored 1+ B,
Bawe = sustained axial load E I
s~ maximum factored axial load associated (ED4 = 1 +lc3
with the same load combination dns
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Axial load M-top M-bot
(kN) (kN.m) (kN.m)

D 4710.5 1.37 0.96

L 1061.50 44.44 22.36

E 21.60 5.49 16.90

1.00 1.4D 6594.70 1.92 1.34
2.00 1.2D+1.6L 7351.00 72.75 36.92
3.00 1.2D+.5*L+E 6204.95 29.35 29.23
4.00 1.2D+0.5*L-E 6161.75 18.38 -4.57

bl gl caSon atils ;0 lpdgiw Ly g 5)990 ;b Egoxe
Z P, = 168169 kN

ZPL = 16240 kN

Z Ve, = 19100 kN

35.64 m

9 (@ 3.96m

6.7m

S @ 8.53m =42.65 m
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6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, Q, shall be calcu-

lated by:
P A
=—22 6.6.4.4.1
Q VL ( )
A, first-order relative where Y P, and ¥, arc the total factored vertical load and
lateral deflection between horizontal story shear, respectively, in the story being eval-
the top and the bottom of vated, and A, is the first-order relative lateral deflection
that story due to V. between the top and the bottom of that story due to V.
2P, total factored 6.6.4.3 It shall be permitted to analyze columns and stories
vertical load Sway ) . ; .
0005 Instructuresas nonsway frames if (a) or (b) is satisfied:
2P A . .
Q=" (a) The increase in column end moments due to second-
Vb order effects does not exceed 5 percent of the first-order
0<0.05 end moments

Vs horizontal Nonsway
story shear

(b) @ in accordance with 6.6.4.4.1 docs not exceed 0.05

el 0ol a5 Jeoo j0 aSew il gl o asl (L8 ain (o aliise Sledlbl 4 axgi L
ZPu = 1.22PD + O.SZPL = 1.2 X 168169 + 0.5 X 16240 = 209922.8 kN )
Al & y90 3ub Vg = 19100 KN

A.qu)}.ad...!a AOZ Smm

s &y90 3b [ = 6700 mm )

PuAO

= = 0.0082 < 0.05 - (Nonsway) sas e
VU,SZC

- 0
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6.2.5 Slenderness effects shall be permitted to be neglected
if (a) or (b) is satisfied:

(a) For columns not braced against sidesway

L<22 (6.2.5a)
r
ke M, = My, + 8,M,

T" >22 MZ = MZm‘ + SAMZ\

(b) For columns braced against sidesway

Sway

) ke
0>0.05 ( ke, <» IZ> Mi=M, M= M, T"s 34+12(M,/M,) (6.2.5b)
r
Kt 40 and
0<005 | —~< Min| ke, [:>Mc=M2
Nonsway { r o S34+12(M, /M) L <40 (6.2.5¢)

r

l ke, Mi 40 where My/M, is negative if the column is bent in single
r > Min\ kb, <34+12(M,/M,) E> M. =8(M, , Mymin) | curvature, and positive for double curvature.
r

295 (50 dmslons C3 (g 6,2V il 398 Ll J5u8
I

r= ;=03 (o520 ax) = 0.3 X 600 = 180 mm KL,
— = 35.56
K=1 r
S ST Job 1, = 6400 mm J

3,5 yokie SOl K ke lgie oals [l slo o3l jou
Lol 0l ool o5 Jgaz o i slasl S 5 6l 6,8Y S

M-top | M-bot 34 + 12(M, /M Klu

Min 1/ 2) _—

(kN.m) | (kN.m) | Curvature | M1 M2 { 40 T Slender?
1.4D 1.92 1.34 double 1.34 1.92 Min(42.4, 40)=40 35.56 NO

1.2D+1.6L 72.75 | 36.92 double 36.92 | 72.75 Min(40.09, 40)=40 35.56 NO

1.2D+.5*L+E | 29.35 29.23 double 29.23 | 29.35 Min(45.95, 40)=40 35.56 NO

1.2D+0.5*L-E | 18.38 -4.57 single -4.57 | 18.38 | Min(31.02, 40)=32.02 | 35.56 YES

ek JbeaS 5 50 6,EY B 00,8 jshaie cplplo g bl (e 00l fratd 0> 5l i gt 652Y e e LS S 0

|

Kl,
—*=3556>3202 — Slender
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4L e 5 o audl waas K acale -V
:1.2D+0.5L-E L S5 3l cos

H* 600* o 4
ly=—== =1.08 x 10 mm}
12~ 12 El
g = 1.2D _ o917 (Elrr= 1+—g = 5.6034 x 10%3
ans ~ 12D+ 05L—E Bans

E =4700,/f/ = 24870 MPa

il ogy valys ply et Sl b

_™ELrr 13502000 N = 13502 kN |
© kLy)? -

C
Cy = 0.6 + 0.4 457 _ 0.6994 bus = T = 1786
M —_— . + . X 18_38 —_— . 1 - O.75PC

P, = 6161.75 kN

B s w2re 3 Elepp anslone jo (NONSWAY) 05b 00l Lo (giw 45 (550 10 355 Slowlos ;0 100 355 @
Ded o0 oolaiul
b sl oslinl B ps 5l O s cnl js (SWay) wil eais g ails ST Js
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0.4E,I,
(@ (El)eﬂ = 1+Bd
(a) For columns without transverse M, "
) C,=0.6-04—
loads applied between supports M, (b) (EI)., = (02E 1, +E[,)
o =
(b) For columns with transverse C.=10 4B
loads applied between supports. " E]JI
(©) (ED),y = —2—
1 + Bdns
LS
P T (ED),,
S © (ke
C
=—2—>1,
5 5 0 /
0.75P<—""
Mc = 8M2

/

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M, ,;, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

My pin = Py(15 +0.03h) (6.6.4.5.4)

If M3 pin exceeds M,, C, shall be taken equal to 1.0 or
calculated based on the ratio of the calculated end moments
M,/M,, using Eq. (6.6.4.5.3a).

b gl S aulxe £

Axial load M-top M-bot
(kN) (kN.m) (kN.m) M-min | 8,5 | Mu (kN.m)
1 1.4D 6594.70 1.92 1.34 - - 1.92
2 1.2D+1.6L 7351.00 72.75 36.92 - - 72.75
3 | 1.2D+.5*L+E 6204.95 29.35 29.23 - - 29.35
4 | 1.2D+0.5*L-E 6161.75 18.38 -4.57 203.34 | 1.78 362.3

s ﬁ}‘y)id..\g...\,iﬁ\‘ ‘511 Vsl Sy 0
sy db waid 5l LS e 0ed waid b (sl 4 e ;5 ool dlore S il 8 slean 4z LY L oS 5y
abls Jlas S 5l S adgl (K as 05l
M,,, = 18.38
My, = —4.57 M. = 6M,
M., = P,(15+ 0.03h) = 6161.75(15 + 0.03 x 600) = 203.34 kN.m
= 1.78 x 203.34 = 362.3 kN.m
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(a) For columns without transverse M.
loads applied between supports

(b) For columns with transverse C
loads applied between supports.

C, =0.6-04—-
M

2

m= 1.0

=—"7—2>1.0

0.75P<—""

MC = 8M2

/

0 4Eclg
(@ (El)eﬂ =

1+ Bdns
(02E 1, +E],)
(b) (El)qf = 1+ B
EI
(¢) (ED) 4 = W
/
v
_ n’ (EI),,
© (ke

C
L /

My pin = Py(15 +0.03h)

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M, ,;, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

(6.6.4.5.4)
If M3 pin exceeds M,, C, shall be taken equal to 1.0 or

calculated based on the ratio of the calculated end moments
M,/M,, using Eq. (6.6.4.5.3a).
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U?“M’ 6‘).3 F)Y o).il.:.a o )0 ML?LA -e

Mu/bh”2 Mu/bh”2
Pu (kN) Mu (kN.m) Pu/bh (Mpa) | Pu/bh (ksi) (Mpa) (ksi)
6594.70 1.92 18.32 2.62 0.01 0.00
7351.00 72.75 20.42 2.92 0.34 0.05
6204.95 29.35 17.24 2.46 0.14 0.02
6161.75 362.30 17.12 2.45 1.68 0.24
o0,y g oolauwl P25 o K 5l aSsl 5,8 L
_ 600 — 2 X 62.5 — 07917
V= 600 -
R—4-60-0.75
40 . — 4 ksi h
Yoo [
cetes
35 e/h = 0.1 bils | 3
LN ] T e e 5
e
pg= 0.05 T ~
3.0 1 N f
:Pg: 041 \\ \\\ e/h =02 Jy
Tg RO s
= 0.02 - e/h=03 ~
e NG SHacE
wsjg 20fre 001 = < > - =
<[ =0 | N N N e/h=0.4 —
/ AN N A\ [ ] |
N\ N\ \.~T | ] -
15 — |\ AN N e/h=05
=050\ | N ys=T \\ /\ [ L]
IO MR b
1.0 Comp.Cont.Lim; gl ‘\ = W Ny _—""')S\ h=1-—"1
/ A -772_& \5 \\</ <~
05 / = Ten/s.'Cont_ L|mrt7 / > ) ~~./ \. \\
/ ol el LT / “)- \\
/ - /// — ] // // == >_\
éj/ééﬁziﬁ/// A A d VT
~ o P J /
0 0.1 0.2 0.3 0.4 0.5 06 0.7 08 0.9 1.0
¢M" kSI
bh?’

www.telegram.me/hoseinzadehasl

www.instagram.com/masoud_hoseinzadeh_asl

Cool @lodl "o S5 L egir cpl e il

YYs®

www.hoseinzadeh.net




11 (@ 3.6m= 39.6m

45m

AY leigi ¥

i oo £V osin Jlo =) T

f1e=28 ) oules arwle |, o] sl o3Y gile,l Jlade g ales JyuS sais sols sla,b 3l cos |, CL w5 05l o

N )

@

I

S@ 7.2m =36 m

®
7.2 m 7.2 m 72m

(MPa

aSed dads 4o lpigiw g o g olal

500 mm=,5 5,e 600 mm=,5 elas | : 5 ol

600 X 600 mm : g olal

[ = 4500 — 300 = 4200 mm =(aibs L.STL LuST) iSen g Job

[ =3600 mm =(ail STG WS Jol ails ygim Jobo
l, = 4500 — 600 = 3900 mm =iiSen (ygiw Lal> s

Cude 0,8 Sl Sz o b K codle .Cawl oads ascice 5 Jouz ;0 C1 gtw glp )l oo ctes S g (559 4l

M PRVAPUER PR

Axial load M-top M-bot

(kN) (kN.m) (kN.m)

2799 1.37 0.96

L 1328.00 44.44 22.36
EY -217.35 3.00 189.00

1 1.4D 3918.60 1.92 1.34
2 1.2D+1.6L 5483.60 72.75 36.92
3 | 1.2D+0.5L+EY 3805.45 26.87 201.33
4 | 1.2D+0.5L-EY 4240.15 20.87 -176.67
5 0.9D+EY 2301.75 4.23 189.86
6 0.9D-EY 2736.45 -1.77 -188.14

www.telegram.me/hoseinzadehasl

Sr-

(o5 VA) Sen ailo 50 gt (o 5 (5570 L1 Egoio

80527.5kN

Z P, = 38959kN

Aib e 2l mm plp EY a5l cod (e dib  ood (ool S s @
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1>
sl 8 Bl 5l g (e =)
o 0 505 oo wgmxe (NONSWAY) 00ls Lo dils sl 0.05 51 268 (Q) (5,lul sl ST p5 o 4 azgi b
D5l oo Cgmxa (SWAY) 00l Hloe S ygo )

6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, @, shall be calcu-

lated by:
IPA
=—t2 6.6.44.1
Q VL ( )
A, first-order relative where ) P, and V,, are the total factored vertical load and
lateral deflection between horizontal story shear, respectively, in the story being eval-
the top and the bottom of uated, and A, 1s the first-order relative lateral deflection
that story due to V. between the top and the bottom of that story due to V.
2P, total factored 6.6.4.3 It shall be permitted to analyze columns and stories
vertical load Sway . . ; .
\Q /i 0>0.05| Instructurcs as nonsway frames if (a) or (b) is satisfied:
0= ZEA; (a) The increase in column end moments due to second-
Vb order effects does not exceed S percent of the first-order
- 0<0.05 end moments
V.s horizontal Nonswa ) .
story shear y (b) Q in accordance with 6.6.4.4.1 does not exceed 0.05
ol 0ol a3 Joao j0 Sen il (gl o asl (L8 axin (o Al Sledlbl 4 axgi L
_ R4
Pu-story (kN) [ Ay (mm) | Vu-story (kN) | I, (mm) Q= V,ol,
1 1.4D 112738.50 - - 4200 -
2 1.2D+1.6L 158967.40 - - 4200 -
3 | 1.2D+0.5L+EY 116112.50 21.00 7169.00 4200 0.0810
4 | 1.2D+0.5L-EY 116112.50 21.00 7169.00 4200 0.0810
5 0.9D+EY 72474.75 21.00 7169.00 4200 0.0505
6 0.9D-EY 72474.75 21.00 7169.00 4200 0.0505

o Dgme (SWAY) o0is )l eSad dids sl sdel sy 0.05 51 2o (Q=0.081) (5,losl uoasl el @) a5

os,..q
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P-delta i 5,05 i 1o ps3) swpp =Y

maximum factored sustained 04E
shear within a story (ED),, = <2
Bds = R R 1+ B ds
maximum factored story shear associated
with the same load combination (EI).. = (02E.1,+E]I,)
)eﬁr - 1 + Bds

: : 20-y
Y P, is the summation of all the Forym <2.k=— "2 l+yn

factored vertical loads in a story | |gory,, >2,k= 09T+ v,
AN T

1
0 =——2>1
@, 1-0 \
If O, exceeds 1.5,

only (b) or (<.:) ®) 5, = Xyp 21 \
shall be permitted 1- 0.755P < >'P. is the summation

) ) for all sway-resisting
() Second-order elastic analysis | | columns in a story

ke, o2 Z1 zst I gsAAils [M, shall not exceed 1.4( My, + M,,) ]
Sway r 2 2ns T OsT2s [Mz shall not exceed 1.4( M, +M2s)]
©>0.05 k%szz [> Mi=M, M,=M,
2,00 3 Sl Jae 1 4 Y slisly 5o 55 SO L CT gm0
El 1 1 600%/12 600%/12
A PP MO B (c= )
(D) eam 035 (%), 0m 035 (2755 )

Ypor = 1

1

= 8.914 ?zpm = 4.957

K=09,/1+1vY,, =09V1+4.957 = 2.197
r=0.3H = 0.3 X 600=180mm

K =2.197 —L=476>22 o cul el X wass
O 33T Jsb I, = 3900 mm r
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Q) 55lal sl ol il s S alne =

o . . . = & e . — 1 .
6l Q Hlade g0 e (5l il ulul g le o |y KT wais oo po O —Ed.‘ag‘)d.gd.'?yl.g

ol 00 dwlre a8b wuis sl X 5 Jgo

M-top | M-bot Milns | M2ns | Mi1s M2s
(kN.m) | (kN.m) | M1 M2 (kN.m) | (kN.m) | (kN.m) | (kN.m) Q S Mu
D 1.37 0.96
44.44 | 22.36
EY 3.00 | 189.00
1.4D 1.92 1.34 1.34 1.92| 1.34 1.92 - - - 1.92
1.2D+1.6L | 72.75 | 36.92 | 36.92 72.75| 36.92 | 72.75 - - - 72.75
1.2D+0.5L+E | 26.87 | 201.33 | 26.87| 201.33| 23.87 | 12.33 | 3.00 | 189.00 | 0.0810 | 1.09 | 217.99
1.2D+0.5L-E | 20.87 | -176.67 | 20.87| -176.67| 23.87 | 12.33 | -3.00 |-189.00 | 0.0810 | 1.09 | -193.32
0.9D+EY 4.23 | 189.86 | 4.23| 189.86| 1.23 0.86 3.00 | 189.00 | 0.0505 | 1.05| 199.93
0.9D-EY -1.77 |-188.14 | -1.77| -188.14| 1.23 0.86 | -3.00 |-189.00 | 0.0505 | 1.05 | -198.20

maximum factored sustained AE
shear within a story (ED),, = —E
Bds = R . 1+ Bds
maximum factored story shear associated
with the same load combination (EI)., = (0.2E,1 . TEI s)
7 1 + Bds
20- vy,
> P, is the summation of all the Foryy, <2k= = ¥® fliy, _EI
. . 20 (ED) 4 =
factored vertical loads in a story | |gory,, >2,k=09/T+v,, 1+B,,

If &, exceeds 1.5,
only (b) or (c) ®) 3, =
shall be permitted

1- 0.753P <= Zi’c is the summation

for all sway-resisting

(c) Second-order elastic analysis | | columns in a story

ke ” My =My + 8,Mys (M, shall not exceed 1.4( My, + M, ) |
> =
r My = Mons 8, Mas (M, shall not exceed 1.4( Ms,,s + M) |
Sway .
(2
0>005 |k, _,, E> Mi=M, M,=M,
r
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S dil o Y P Jlode dcule <€
i alie ligin aShl 4 dz 5 b ogd dralone Ll S (6 ,8Y Wb iSes aib Sleistn (Slpu b abre Cux

:M)‘b

ool ol oo Ll a0y sliwl,y j0 15 SO s aS F 9 ) sl WST 0 as 518 slsgin jo

@) 07 (et Q) 07(C5)+ (559)

l/)top = El I 500x6003
El I 500x600°/12
2z (L )beam 0.35 (L)beam 0.35 ( 7200 )
Ypor = 1 ]
=8.914 ?zpm = 4.957
600* \ )
— = 1.08 x 1010 4
ly ==~ = 1.08 X 10* mm
qe 0.4EI
_ebe b by = 2T 10744 x 101
Bas = -~ 0 1+ Bys anIeff
F b (2R =y 14429 kN
E = 4700,/f] = 24870 MPa ) ‘
K =0.9,1+1,, = 0.9V1 + 4.957 = 2.197
g o1 Jsb 1, = 3900 mm )

oo ol e Ll a0y sliwl) 40 15 90 aS Y Y slo WST 0 a8 5 )15 closgiw Ho

2 (%)col _ 07 ((é)col—bot * (é)col—top) 07 ((610240/012) * (6030640/012)>

Prop = EI - 1 1 = 500%x6003/12 = 4457 P, = 2.73
¥ (T)beam 0.35 (Z)beam +0.35 (Z)beam 2% 035 (—7200 )

l/)bot =1 J

600* \ )
I, = o= 1.08 x 1019 mm*
S 0.4E1
_ el V. = ——9 _ 10744 x 101
ﬁ 0 eff 2
ds = ) = 1+ Bys m?Elypf
B b b — P, = - 23084 kN
E = 4700,/] = 24870 MPa “

K=09/1+¢, =09v1+ 273 =1.7378
O 3131 b Iy = 3900 mm )

Z P, =12 X 14429 + 12 x 23084 = 450156 kN
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Ldgiw (2 (bl aidly a0is K anloes -©

M1ns M2ns M1s M2s Pu-story
(kN.m) (kN.m) | (kN.m) (kN.m) (kN) Pc-story [ Mu
1.4D 1.34 1.92 0.00 0.00 112738.50 4.5038E+05 1.5 1.92
1.2D+1.6L 36.92 72.75 0.00 0.00 158967.40 4.5038E+05 1.89 72.75
1.2D+0.5L+EY 23.87 12.33 3.00 189.00 116112.50 4.5038E+05 1.52 300.33
1.2D+0.5L-EY 23.87 12.33 -3.00 -189.00 116112.50 4.5038E+05 1.52 -275.67
0.9D+EY 1.23 0.86 3.00 189.00 72474.75 4.5038E+05 1.27 241.49
0.9D-EY 1.23 0.86 -3.00 -189.00 72474.75 4.5038E+05 1.27 -239.77
maximum factored sustained AE I
shear within a story (ED),; = — &
Bds = R . 1+ Bds
maximum factored story shear associated
with the same load combination (EI)., = (0.2E.1 . TEI se)
7 1+ Bds
20 -
3P, is the summation of all the Foryy <2,k= 2(‘)" AL (ED)., = E.1
factored vertical loads in a story | |gory,, >2,k=09T+y,, 71+ B,

If &, exceeds 1.5,

only (b) or (c)
shall be permitted

(b) 8, =

- Zuw
0.755P =

(c) Second-order elastic analysis

Y
> P, is the summation

for all sway-resisting
columns in a story

ke
L >22
r
Sway
0>005 | ke,

r

www.telegram.me/hoseinzadehasl

Ml = Mlns + SSMIS
M2 = M2ns + SAMZ,

[Ml shall not exceed 1.4( My,,; + M;;) ]

[M2 shall not exceed 1.4( My, + M) ]

<22 I:> M1:M1 M2:M2
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(a) Story mechanism (b) Intermediate mechanism (c) Beam mechanism
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18.7—Columns of special moment frames
18.7.3 Minimum flexural strength of columns

18.7.3.1 Columns shall satisfy 18.7.3.2 or 18.7.3.3, except 18.7.3.3 1f 18.7.3.2 is not satisfied at a joint, the lateral
at connections where the column is discontinuous above the strength and stiffness of the columns framing into that joint
connection and the column factored axial compressive force shall be ignored when calculating strength and stiffness of

the structure. These columns shall conform to 18.14.
18.7.3.2 The flexural strengths of the columns shall satisfy

s ™
S My > (6/5)E M, (18.7.3.2) (Mot + M) 2 (Mg + M)
where Mnt
>M,. is sum of nominal flexural strengths of columns
framing into the joint, evaluated at the faces of the joint. [_\
Column flexural strength shall be calculated for the factored “1

axial force, consistent with the direction of the lateral forces
considered, resulting in the lowest flexural strength.

>M,; is sum of nominal flexural strengths of the beams

framing into the joint, evaluated at the faces of the joint. Mor C\—\ %D Mne
In T-beam construction, where the slab is in tension under

moments at the face of the joint, slab reinforcement within
an effective slab width defined in accordance with 6.3.2 shall

be assumed to contribute to M,,, if the slab reinforcement is
developed at the critical section for flexure. u
Flexural strengths shall be summed such that the column Moo
moments oppose the beam moments. Equation (18.7.3.2) 9 y

shall be satisfied for beam moments acting in both directions
in the vertical plane of the frame considered.

-l
Coxn 51 3 585 palin plhad S 45 g yg0 59 B3 (5 IS b alieds Ky 3 il Sy lB o -TY
@ilhe Ggiuw (gl (oluod ST - (g ramn (g9 0 ST )il 01,510 9 135 KN il (i 9 o)
S S 5 g Pp=233KN, PL=72kN, Pg= 224 kN ;950 & yig0 (53970 595 3 JSb
Sl Sl 1 iretlonal 9 3 41 555 JUall 19 3 G a8 12D AL +E Sl 0,90

Toawl JaS90 3y slasl 5 4 plas’ 4y 59500 (55 )b S 57 59 (559500
F: (kN)

1.30 O
1000 1.20 (v
1.40 ¢v
300
1.10 (¢
150 200 MN.m)
) an ¥

O = crd p5 Alals cwy p Bas Cids 0 bl (e e Cwglie (Girder) Mg ¢ g Jied Cwglie Mc
rv....S ML’?LA ‘) (MC) O g LSW wsLM u\)l.’ Le‘.u Lo (135 kNm) Sl 00l Ao .)9.’> 45‘) Mc )L.\.o.a ..\.MJL: ° 693
WS)J)J‘Mé)‘buif))yd)jmdij)‘m¢@5wsgbbxsooywswéL@WstLu

L Sl 2l O5e 65970 95 358 L

P=1.2><233+72-_|-24={§Zg:%
b cwl ply g 00 (Sm0) 7S 376 kN (L 5l ot ygiw (cdead Caoglie oo ools  iuS jail ol Sho @y axg5 b
376 — 300

S g 5 S L Sl 0)90 0,5 10 g bl e aib SO g ailes S OB AT 0gl 8o bl o0 5l 5 698 e (el plo
oS oo b ) ladgiw 5 by cdued Cuoglie ggomme ol fale 13 99 g (5w 99 45 olan S sl eu)ls e

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl ~cuul glods "gie 53 L' ogim cpl Jlae lic) A\

www.hoseinzadeh.net



Jlas! Aoz ) £ - -

ol ey )0
Db 5l slls Wb ete so,e sl gile, | (Jlas! deix) Jlasl 0,5 0 ACI318-2019 51 15 sloass Gilas

0 e Ol 0 S0 D0 4 g sl 90 Gl 4l 0 o5 jshailes Ligie Jsb slaygle) e
Ngd sl Olee ;0 SG )90 4wl 8 Jlail 0 s ied
e Oy Sl 99 Sl 4l 4 by ye bulgs alin Jlasl aeiiz j0 (po5e slaygile)l Jolgs @
2 w2r loygle)l wils low axl o Jolgd eaiiS ead (hp 9w ST alpln 05d e
oolawl @10@100 3 ogw ol 9o j0 ST e gl 09 sl aslice ‘53‘)@ 4l g Jlasl doi>
05 oolitl 5K o 3 ol 55 Ll daiz 45 el o0
il aslol gt glel b g IS Gillae caiiil ool Hloe OB lansgi 457 90 10 i sloo, Sl @

18.4—[Intermediate moment frames ]

18.4.4[Joints ]

18.4.4.1 Beam-column joints shall satisfy the detailing require-
ments of [15.3.1.2,15.3.1.3) and 18.4.4.2 through 18.4.4.5.

15.3.1.2 Joint transverse reinforcement shall consist of
ties, spirals, or hoops satisfying the requirements of(25.7.2
for ties, 25.7.3 for spirals, and 25.7.4 for hoops.

15.3.1.3 At least two layers of horizontal transverse rein-
forcement shall be provided within the depth of the shal-
lowest beam framing into the joint.

18.4.4.4 Spacing of joint transverse reinforceme
not exceed the lesser of 18.4.3.3(a) through (cJWithin the
height of the deepest beam framing into the joint.

18.4.4.3 Longitudinal reinforcement terminated in a
joint shall extend to the far face of the joint core and shall
be developed in tension in accordance with 18.8.5 and in
compression in accordance with 25.4.9.

Lol ool &l Jlasl dsiir S ulgo wall (o0 (A ialp9) md S g G 5l a8,5 paS o5 sle ke 50
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/25.7.2 Ties

/ 25.7.2.3 Rectilinear ties shall be arranged to satisfy (a)

and (b):
(a) Every corner and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
included angle of not more than 135 degrees
(b) No unsupported bar shall be farther than 150 mm clear
on each side along the tie from a laterally supported bar

— 18.4.3.3 At both ends of the column, hoops shall be provided
at spacing s, over a length £, measured from the joint face.
Spacing s, shall not exceed the least of (a) through (c):

(a) For Grade 60, the smaller of 84}, of the smallest longi-
tudinal bar enclosed and 8 in.

(b) For Grade 80, the smaller of 6d}, of the smallest longi-
tudinal bar enclosed and 6 in.

(c) One-half of the smallest cross-sectional dimension of
the column

)

<50 mm

‘J\

{b) Hooked reinforcement
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21.2.4.3 For beam-column joints and diagonally reinforced
coupling beams, ¢ for shear shall be 0.85.
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24.2—Deflections due to service-level gravity

loads
24.2.3 Calculation of immediate deflections

24.2.3.5 For nonprestressed members, unless obtained by a
more comprehensive analysis, effective moment of inertia, 7,
shall be calculated in accordance with Table 24.2.3.5 using:

I
M, = Sl (24.2.3.5)
Y
Table 24.2.3.5—Effective moment of inertia, 7,
Service moment Effective moment of inertia, I, in .t __
1 \
M, < QI3M, . - (@) . L
i : !
o I |
Ma> 3V, AT ) = o
M, I

24.2.3.6 For continuous one-way slabs and beams, I, shall
be permitted to be taken as the average of values obtained
from Table 24.2.3.5 for the critical positive and negative
moment sections.

(o35 A ooge sslate (j909) e olisS a3 dmslome -V
24.2.3 Calculation of immediate deflections

24.2.3.1 Immediate deflections shall be calculated using
methods or formulas for elastic deflections, considering
cffects of cracking and reinforcement on member stiffness.
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24.2.4 Calculation of time-dependent deflections
24.2.4.1 Nonprestressed members

24.2.4.1.1 Unless obtained from a more comprehensive
analysis, additional time-dependent deflection resulting
from creep and shrinkage of flexural members shall be
calculated as the product of the immediate deflection caused
by sustained load and the factor A,

_ &
1+50p”

(24.2.4.1.1)

A

24.2.4.1.2 In Eq. (24.2.4.1.1), p’ shall be calculated at
midspan for simple and continuous spans, and at the support
for cantilevers.

24.2.4.1.3 In Eq. (24.2.4.1.1), values of the time-depen-

dent factor for sustained loads, &, shall be in accordance with
Table 24.2.4.1.3.

Table 24.2.4.1.3—Time-dependent factor for
sustained loads

Sustained load duration, months Time-dependent factor &
3 1.0
6 1.2
12 1.4
60 or more 2.0
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CHAPTER 9—BEAMS
9.3—Design limits

9.3.1 Minimum beam depth

9.3.1.1 For nonprestressed beams not supporting or
attached to partitions or other construction likely to be
damaged by large deflections, overall beam depth /& shall

caticf}/ the limits in Table 9.3.1.1, unless the calculated
deflection limits of 9.3.2 are satisfied.

Table 9.3.1.1—Minimum depth of nonprestressed
beams

CHAPTER 7—ONE-WAY SLABS

7.3—Design limits
7.3.1 Minimum slab thickness

7.3.1.1 For solid nonprestressed slabs not supporting
or attached to partitions or other construction likely to be
damaged by large deflections, overall slab thickness 4 shall
not be less than the limits in Table 7.3.1.1, unless the calcu-
lated deflection limits of 7.3.2 are satisfied.
Table 7.3.1.1—Minimum thickness of solid

nonprestressed one-way slabs

Support condition Minimum A"l Support condition Minimum Al
Simply supported £/16 Simply supported €120
One end continuous €/18.5 One end continuous {124
Both ends continuous £/21 Both ends continuous /28
Cantilever {/8 Cantilever €/10

Expressions applicable for normalweight concrete and £, = 420 MPa For other
cases, minimum /4 shall be modified in accordance with 9.3.1.1.1 through 9.3.1.1.3,
as appropriate.

9.3.1.1.1 For f, other than 420 MPa, the expressions in
Table 9.3.1.1 shall be multiplied by (0.4 + £,/700).

Table 7.3.1.1 shall be multiplied by (0.4 + f;/700).

MExpression applicable for normalweight concrete and £, = 420 MPa For other
cases, minimum # shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,
as appropriate.

7.3.1.1.1 For f; other than 420 MPa, the expressions in
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Figure 10-4 Minimum Thickness of Slabs without Interior Beams (Grade 60 Reinforcement)

www.instagram.com/masoud_hoseinzadeh_asl

ool @l e 3L agi opl e Hlaxl YVY

www.hoseinzadeh.net

www.telegram.me/hoseinzadehasl



LdIsVF- .

Sz b rals s 3 ey s lBIL s Pae 33 S 0 s dhoe sle g coen Ll 5 S o

e 5 _Elbeam

il s s 55 el 25 i s 0 = S e s T o5 e 1 50,5 sk
s st (e Elsiqp

doloee [0 cplply 90,5 wles Jae JSG T & g0 a4y alaiie opd 4 Jaie o 0929 e 4y a5 Clils a9y Wb L5
b anlys plase ST 15 5l (G52 5 JSb Bllae S 5l (e85 Tpeam

hy < 4hy

bw+ 2hbS bw+ 8hf

Fig. R8.4.1.8 Lxamples of the portion of slab to be included
with the beam under 8.4.1.8.
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CHAPTER 7—ONE-WAY SLABS

7.6—Reinforcement limits

7.6.1 [Minimum flexural reinforcemend in nonprestressed
slabs

7.6.1.1 A minimum area of flexural reinforcement, A ,uin,
of 0.00184, shall be provided.

R7.6—Reinforcement limits

R7.6.1 Minimum flexural reinforcement in nonprestressed
slabs

R7.6.1.1 The required area of deformed or welded wire
reinforcement used as minimum flexural reinforcement
is the same as provided for shrinkage and temperature in
24.4.3.2. However, whereas shrinkage and temperature rein-
forcement is permitted to be distributed between the two
faces of the slab as deemed appropriate for specific condi-
tions, minimum flexural reinforcement should be placed as
close as practicable to the face of the concrete in tension due
to applied loads.

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits

8.6.1 [Minimum flexural reinforcement]i n nonprestressed
slabs

8.6.1.1 A minimum area of flexural reinforcement, A;, i,
of 0.0018A4,, or as defined in 8.6.1.2, shall be provided near
the tension face of the slab in the direction of the span under
consideration.

R8.6—Reinforcement limits

R8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

R8.6.1.1 The required area of deformed or welded wire
reinforcement used as minimum flexural reinforcement is
the same as that required for shrinkage and temperature in
24.4.3.2. However, whereas shrinkage and temperature rein-
forcement is permitted to be distributed between the two
faces of the slab as deemed appropriate for specific condi-
tions, minimum flexural reinforcement should be placed as
close as practicable to the face of the concrete in tension due

to applied loads.
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CHAPTER 24—SERVICEABILITY

24.4—Shrinkage and temperature reinforcement

24.4.1 Reinforcement to resist shrinkage and temperature
stresses [shall be provided in one-way slabs]in the direction
perpendicular to the flexural reinforcement in accordance
with 24.4.3 or 24.4.4.

24.4.3 Nonprestressed reinforcement

24.4.3.2 The ratio of deformed shrinkage and temperature
reinforcement area to gross concrete area shall be greater

than or equal to[0.0018.
24.4.3.3 The spacing of deformed shrinkage and tempera-

ture reinforcement shall not exceed the lesser of 54 and 18 in.
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CHAPTER 7—ONE-WAY SLABS
7.6—Reinforcement limits
7.6.3 Minimum shear reinforcement

7.6.3.1 A minimum area of shear reinforcement, A, min,
shall be provided in all regions where V,, > ¢ V.. For precast
prestressed hollow-core slabs with untopped £ > 12.5 in.,
Ay, min shall be provided in all regions where V, > 0.5¢ V.

CHAPTER 10—COLUMNS

10.6—Reinforcement limits
10.6.2 Minimum shear reinforcement

10.6.2.1 A minimum area of shear reinforcement, A, yin,
shall be provided in all regions where ¥V, > 0.5¢V.
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CHAPTER 9—BEAMS

9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum area of shear reinforcement, A, min,
shall be provided in all regions where V, > 0.5¢ ¥, except
for the cases in Table 9.6.3.1. For these cases, at least A, min
shall be provided where V, > ¢ V..

Table 9.6.3.1—Cases where A, i, is not required if
0.5¢V. <V, <oV,

Beam type Conditions
Shallow depth h < 250 mm
h < greater of 2.5¢;0r 0.5b,,
Integral with slab and
h <600 mm
Constructed with steel fiber-reinforced
normalweight concrete conforming to :nisoo mm
26.4.1.5.1(a), 26.4.2.2(d), and 26.12.5.1(a 5
and withff')S 42 MPa( ) @ Y.< ¢2‘/7‘de
One-way joist system In accordance with 9.8
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End span Interior spans
Discontinuous end

\. Exterior face of \/ X
Interior face of first interior support Other faces of

exterior support interior supports

(a) Terminology.

Cp= —1/9 if only two spans, —1/10 if three or
more spans

Cm N O 1111 -1/10 -1 116 - 1111 =111

\
Cvy 1.0 1.15 1.0 1.0 1.0

b\

(b) Moment and shear coefficients—Discontinuous end unrestrained.

Cm Ed—1/24 114 —1/9 or —1/10E&) —1/11 116 =111 EE —1/11
Cy 1.0 1.15 1.0 1.0 1.0

{c) Moment and shear coefficients—Discontinuous end integral with support
where support is a spandrel girder.

-116 114 -1/9 or —1/1
1.0 1.1

Cm
Cv

1116

{d) Moment and shear coefficients—Discontinuous end integral with support
where support is a column.
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5(m
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B 14D Y _ 14 %9 _
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{c) Moment and shear coefficients—Discontinuous end integral with support
where support is a spandrel girder.
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295 428,54l po Jola y5iley] 5l 2eS il oud aelone 8,8l ol

Ag_min = 0.0018bh = 0.0018 x 1000 X 225 = 405 mm?
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(c) Moment and shear coefficients—Discontinuous end integral with support
where support is a spandrel girder.
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8.7.3 Corner restraint in slabs

8.7.3.1 At cxterior corners of slabs supported by edge
walls or where one or more edge beams have a value of as
greater than 1.0, reinforcement at top and bottom of slab
shall be designed to resist M, per unit width due to corner
effects equal to the maximum positive M, per unit width in
the slab panel.

8.7.3.1.1 Factored moment due to corner effects, M, shall
be assumed to be about an axis perpendicular to the diag-
onal from the corner in the top of the slab and about an axis
parallel to the diagonal from the comer in the bottom of the
slab.

8.7.3.1.2 Reinforcement shall be provided for a distance in
each direction from the corner equal to one-fifth the longer
span.

8.7.3.1.3 Reinforcement shall be placed parallel to the
diagonal in the top of the slab and perpendicular to the diag-
onal in the bottom of the slab. Alternatively, reinforcement
shall be placed in two layers parallel to the sides of the slab
in both the top and bottom of the slab.

Ldls LSS Ja.gls.é-\'\
Ll slo alsS jo ioms -)-V)

R8.7.3 Corner restraint in slabs

R8.7.3.1 Unrestrained corners of two-way slabs tend
lift when loaded. If this lifting tendency is restrained by ed;
walls or beams, bending moments result in the slab. Tt
section requires reinforcement to resist these moments ai
control cracking. Reinforcement provided for flexure in t
primary directions may be used to satisfy this requireme
Refer to Fig. R8.7.3.1.

| LLO"Q
! (LLong)/5
! ]
ﬂ OO A
_____________ 02525 X
l B'1 OO0 ‘g’
' As top per 8.7.3 .9, =y ]
! As bottom per 8.7.3 : S
N g
| iy
! |
[
| .
I I
OPTION 1
! LLong
! (LLong)/5
| |
§ u p—— —g
| B-1 E
-~
| =
1 As per 8.7.3 : %
l top and bottom NI ~
o,
] |
|
| I

OPTION 2
Notes:

1. Applies where B-1 or B-2 has as >1.0

2. Max. bar spacing 2h, where h = slab thickness.
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22.6.4 Critical sections for two-way members

22.6.4.1 For two-way shear, critical sections shall be
located so that the perimeter b, is a minimum but need not
be closer than d/2 to (a) and (b):

(a) Edges or corners of columns, concentrated loads, or
reaction areas

(b) Changes in slab or footing thickness, such as edges of
capitals, drop panels, or shear caps

22.6.4.1.2 For a circular or regular polygon-shaped
column, critical sections for two-way shear in accordance
with 22.6.4.1(a) and (b) shall be permitted to be defined
assuming a square column of equivalent area.
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Fig. R22.6.5.2—Value of p for a nonrectangular loaded
area.
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FIGURE 128 Two-way or punching shear.
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22.6—Two-way shear strength

22.6.1.2 Nominal shear strength for two-way members
[without shear reinforcement] shall be calculated by

V, =V, (22.6.1.2)

22.6.1.3 Nominal shear strength for two-way members
| with shear reinforcement|shall be calculated by

Vv, =V, + v (22.6.1.3)
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22.6.5 Two-way shear strength provided by concrete in
members[withoul‘ shear reinforcement ]

22.6.5.1 For nonprestressed two-way members, v, shall
be calculated in accordance with 22.6.5.2.

Table 22.6.5.2—v, for two-way members without
shear reinforcement

Ve

Ve = 033004/ ()

2
=017 1+ A ST
Least of (a), (b), and (c): Ve ( +B) M, (b)

( o,d

1 s

o —_nnel n [+
Vv —U.UOJKL‘!‘ b

1, N
o JA\/JC (c)

Notes:

A, :,/;sm
*TN1+0.004-d

B is the ratio of long to short sides of the column, concentrated load, or reaction area.

22.6.5.3 The value of a, is 40 for interior columns, 30 for
edge columns, and 20 for corner columns.

CHAPTER 13—FOUNDATIONS
13.2.6 Design criteria

13.2.6.2 For one-way shallow foundations, two-way
isolated footings, or two-way combined footings and mat
foundations, it is permissible to neglect the size effect factor
specified in 22.5 for one-way shear strength and 22.6 for
two-way shear strength.

2l (o sle,l e a8yl g0 5 Coglie il A = 1 5wl S i aSl (5,8 b o3sd slo o 4y axg b

L’ dy M‘P
0.33
2
, 0.17 (1 + —) , 2
V. = pMin d,g Min 14 0.004d | % \/ﬁbod
gy X
0.083 ( + 2)
by ) 1
g2 welg> 55 Dyg0 ar G98 Al g 0095 03V ple oy Jlesl B (50 s
0.33

2
0.17 (1 + —)
V. = pMin B \/Ebod

ay Xd
0.083 < + 2)
bo
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22.6—Two-way shear strength

22.6.6 Two-way shear strength provided by concrete in
members [with shear reinforcement]

22.6.6.1 For two-way members with shear reinforcement,
v, at critical sections shall be calculated in accordance with
Table 22.6.6.1.

Table 22.6.6.1—v, for two-way members with shear

reinforcement
Type of shear Critical
reinforcement sections v,
Stirrups All 0. 177%7\\/75' (@)
0250 A (b)
0.33
According to Least of (0-17 + _] 7‘5}”\/7; ()
Headed 22.6.4.1 ®), (©). B
shear stud and (d):
reinforcement od
0.083| 2+ b‘ ML | (@)
According to
1 !
22,642 01TAT! ©
Notes:

hy = ——2—— <10
14+0.004-d

B is the ratio of long to short sides of the column, concentrated load, or reaction area.

22.6.5.3 The value of ay is 40 for interior columns, 30 for
edge columns, and 20 for corner columns.

22.6.6.2 It shall be permitted to take A as 1.0 if (a) or (b)
is satisfied:

(a) Stirrups are designed and detailed in accordance with

8.7.6 and A,/s >0.17/ £/ b, /f;.

(b) Smooth headed shear stud reinforcement with stud

shaft length not exceeding 250 mm is designed and
detailed in accordance with 8.7.7 and A4,/s > 0.17 \/TL’ bolfy.

anlgs ply (Gy H5le) L) byl g0 (b Coaglio il A = 1 5wl S i a5l (28 L o35 slo a4z g b

, 2
OVo = @V + @V, = 9 X 017 x Min| |T30.004d | X v/fibod + Vs

1

La .59;.

Dy Al 5 OByeo 4 alal) g oogs @Y ple oo Jlesl B (g 0 (s
OV = @V, + @Vy = ¢ X 0.17 X \[fIbod + @V,

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl =~ cewl xled "é.,.;o 53 L" 093> (pl e Lacl T\ F

www.hoseinzadeh.net



L1 oLoos Laslgud) ¥+ -

el 00 b 5 i 5o abb o solaiwl b ygile,l 5l T o aS S b Is ad g b Cuaglie iSTas

22.6.6.3 For two-way members [With shear reinforcement,]
effective depth shall be selected such that v, calculated at
critical sections does not exceed the values in Table 22.6.6.3.

Table 22.6.6.3—Maximum v, for two-way members
with shear reinforcement

Maximum v, at critical sections
Type of shear reinforcement defined in 22.6.4.1
Stirrups $0.5 \/76' (a)
Headed shear stud - ,
reinforcement $0.66 \/7‘ (®)

b ogy wmlym nly (G55 5kl L) adyb 5o (o ceaglie al il

’ 2
oV, —Min< vlet ol >—Ml~n ¢ x 0.17 x Min( |7370.004d | X Vfibod + oV
n— =

00.5,/f.bod 1
00.5\/f!byd
Dy AplgS p5 e & alaly g esgs Y ple oo Jleel b (g 0 g
V. + oV, x 0.17 X \/fIbyd + @V,
<PVn=Min<(pC (,ps>=M'n< v VIebod + oV, )
90.5,/fbod 00.5,/f7bod
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= ¢0.33,/f/bod = 0.75 x 0.33 X 1 X V25 x 2320 x 180 = 516780 N = 517 kN
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Fig. 16-9 Direct Shear and Moment Transfer
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v (Muq — Myy)

(@) Transfer of unbalanced moments to column.

(b} Shear stresses due to V,,.

(¢} Shear due to unbalanced moment.

N

&

{d} Total shear strasses.
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A

(a) Critical perimeter of an interior column.

crp_  2b1d)bi/2
2(byd) + bod

bid®  dbi 2
i_z +5 (bld)(— — cAB) ] + bydcip

 (bid)bi2
CAB ™ b d + byd

W T db3 (bld)(_ - CAB)2] + (byd)chn

(c ) Critical shear perimeter of corner column.
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Critical shear perimeter
b, = 540mm
2
C

Moments about centroid of shear perimeter.
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sl 0als o0ls las 398 S j0 aS 09 dalgS et p 5l A2 dols 4 Sl s lase s i Sle lasce s -)

Gt IS o et =Y
Y Ay 2(470 x 140) X %
Can = = —149.26
AB = T4 T 2(470 x 140) + 540 x 140 mm
PV dle ol
b, = 1480 mm
0.17 <1 + (1_33))\/ﬁ = 2.085
oV, = pMin 30 x 140 _ =0.75 x 1.617 = 1.21 MPa
0.083 <T80 + 2) V24 =1.97

0.33v24 = 1.617
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9.7—Reinforcement detailing

9.7.2.3 For nonprestressed and Class C prestressed beams
with A exceeding 900 mm, longitudinal skin reinforcement
shall be uniformly distributed on both side faces of the beam
for a distance A/2 from the tension face. Spacing of skin rein-
forcement shall not exceed s given in 24.3.2, where ¢, is the
clear cover from the skin reinforcement to the side face. It
shall be permitted to include skin reinforcement in strength
calculations if a strain compatibility analysis is made.

D¢ oolaiwl 4565 5 Ko 51 b 900 mm

R9.7.2.3 For relatively deep beams, some reinforcement

www.telegram.me/hoseinzadehasl

should be placed near the vertical faces of the tension zone
to control cracking in the web (Frantz and Breen 1980,
Frosch 2002), as shown in Fig. R9.7.2.3. Without such auxil-
iary reinforcement, the width of the cracks in the web may
exceed the crack widths at the level of the flexural tension
reinforcement.

The size of the skin reinforcement is not specified;
research has indicated that the spacing rather than bar size
is of primary importance (Frosch 2002). Bar sizes No. 10
to No. 16, or welded wire reinforcement with a minimum
area of 210 mm? per meter of depth, are typically provided.

Reinforcement in tension,
negative bending

hi2

= Skin reinforcement —

h 1 h

hi2

Reinforcement in tension,
positive bending

Fig. RY.7.2.3—Skin reinforcement for beams and joists with
h > 900 mm.
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13.3.3 Two-way isolated footings

13.3.3.1 The design and detailing of two-way isolated
footings shall be in accordance with this section and the
applicable provisions of Chapter 7 and Chapter 8.

13.3.3.2 In square two-way footings, reinforcement shall
be distributed uniformly across entire width of footing in
both directions.

13.3.3.3 In rectangular footings, reinforcement shall be
distributed in accordance with (a) and (b):

(a) Reinforcement in the long direction shall be distributed
uniformly across entire width of footing.

(b) For reinforcement in the short direction, a portion of
the total reinforcement, y,4,, shall be distributed uniformly
over a band width equal to the length of short side of
footing, centered on centerline of column or pedestal.
Remainder of reinforcement required in the short direc-
tion, (1 — y,)A,, shall be distributed uniformly outside the
center band width of footing, where vy 1s calculated by:

2
(B+1)

Y, = (13.33.3)

where B is the ratio of long to short side of footing.
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14.4.3 Footings

14.4.3.1 General

14.4.3.1.1 For footings supporting circular or regular
polygon-shaped concrete columns or pedestals, it shall be

permitted to assume a square section of equivalent area for
determining critical sections.
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Table 5.3.1—Load combinations

Primary

Load combination Equation load
U=14D (5.3.12) D <=
U=12D+1.6L+0.5(L,or S or R) (5.3.1b) L <=

U=12D+1.6(L,orSorK)+ (i.0Lor0.5W) | (5.3.ic) | L,orSorKk

U=12D+1.0W+1.0L+0.5(L,orSorR) | (53.1d) w
U=1.2D+1.0E+1.0L+0.2S (5.3.1¢) E <=

U=09D+ 1.0W (5.3.16) w

U=09D+ 1.0E (5.3.1g) E

1.4D = 1.4 X (6.0357) = 8.45 kN
1.2D + 1.6L = (1.2 X 6.0357) + (1.6 x 2) = 10.44 kPa — 1051
51—

q, = Max
12D+ L+ EV = (1.2 x 6.0357) + (1 x 2) + (1.2675) = 10.51%

ot ool 00 S I o1 5l az 5 WSTE ST Jolgd aSol b az g5 b sl ol dulome geaw 0lg 0 399 00505 b aS 04b a>g5 @
Loog aales plpaz i e noly s 00,58 )b plply g 0g dales MY pl a5 8 5L

kN kN kN
qu = 1051? - Az poyly ghs e yilS L= \'.Q\WXO.7771=7.357?
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9.8—Nonprestressed one-way joist systems
9.8.1 General

9.8.1.1 Nonprestressed one-way joist construction consists
of a monolithic combination of regularly spaced ribs and a
top slab designed to span in one direction.

9.8.1.2 Width of ribs shall be at least 100 mm at any loca-
tion along the depth.

9.8.1.3 Overall depth of ribs shall not exceed 3.5 times the
minimum width.

9.8.1.4 Clear spacing between ribs shall not exceed 750 mm.

o a4z 15 owiid ol J s V=YY

9.8.3.1 If fillers not complying with 9.8.2.1 or removable
forms are used, slab thickness shall be at least the greater of
one-twelfth the clear distance between ribs and 50 mm.

z

<

744

=
a <

|« t>100 mm

Sn <750 mm
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50 mm
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CHAPTER 14—PLAIN CONCRETE
14.5.2 Flexure
14.5.2.1 M, shall be the lesser of Eq. (14.5.2.1a) calcu-

lated at the tension face and Eq. (14.5.2.1b) calculated at the
compression face:

M, =0.420[fS, (14.5.2.1a)
M, =0.85£S,, (14.5.2.1b)

where S, is the corresponding elastic section modulus.

t=50mm; S, =500mm; f, = 20 MPa «Sul 5,5 L e sl

7.357 x 0.52
w=——p—— =023kN.m
0.23 <047 OK.
1000 X 502
oM, = 0.6 X 0.42/20 X ———— = 469574 N.mm = 047 kN.m

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl el &lods "gie 53 L' ogim cpl Cdlae Ll A A

www.hoseinzadeh.net



Sok 4z (B b1

(Sslaz i 5l 8 le caiw ;o) aib ol e az 5 alols a5 (65,050 ;0 05 SN=500 mm ,l, Jls ol Jobo )3 amio Jlo o @

Caoglia Wlgice 21l S lge cnl 53 Sgdas Lige i 8,Khes 5l oslitl (el Jls Caalied Laal331 b ales )33 5 JIs p3¥ Cules

o, Ll 5,50 ol a0 ACI-318-19 51 15 o auS dcule grlas 30 (gl B)lae Lail, 51 (L8 ambs 40) jloz Juad gl |, Jlo i

5l
9.8.1.7 Reinforcement perpendicular to the ribs shall be
provided in the slab as required for flexure, considering
load concentrations, and shall be at least that required for

shrinkage and temperature in accordance with 24.4.

c,s,,xéym]é;.;‘()5%.ajfoal.é.:..ul@M&}lngwM&@ngo(mmm)gmw@A?thlxl)o@nglgcx?’)gw)o ]
s e ahaie Lailg; bl 1) aaie Cooglie oo ools 1,3 0 Koo 51 0,5 Jlas B o b el iy cpl ol o Cencs a1 j0 0 o
(3905 Ao o3 axan)
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Bl emloss (IS (Bl O S5 50 g8l b 5k 5l b 5wyl (o295 BB S e b SeSm )5 0 @
25 e il (o0 SISl )5 @ bgpe 0,5 18 &l Gip 2yme 0 Sobaz i caie (ke O b ol (S oS il 0150 51 (o @
g S MMV olel LKNIYXD 55 ake b sl asly G S (sl S5 sl 00d Slgie o1 0 & able ASCET-16 4, bogy e
410 GARAGE LOADS

4.10.1 Passenger Vehicle Garages. Floors in garages or
portions of a building used for the storage of motor vehicles
shall be designed for the uniformly distributed live loads of
Table 4.3-1 or the following concentrated load: (1) for garages
restricted to passenger vehicles accommodating not more than
nine passengers, 3,000 1b (13.35 kN) acting on an area of 4.5 in.
by 4.5 in. (114 mm by 114 mm); and (2) for mechanical parking
structures without slab or deck that are used for storing passenger
vehicles only, 2,250 1b (10 kN) per wheel.

rdles hons ;o8 o @l Ghp Sy L abaly ;o ACIE318-19 @ by o 5 o
CHAPTER 14—PLAIN CONCRETE

14.5—Design strength

14.5.5 Shear
14.5.5.1 V,, shall be calculated in accordance with Table 14.4.3.4 Factored two-way shear
14.5.5.1. 14.4.3.4.1 For two-way shear, critical sections shall be
Table 14.5.5.1—Nominal shear strength located so that the perimeter b, is a minimum but need not
Shear action Nominal shear strength V, be closer than £/2 to (a) through (c):
(a) Location defined in Table 14.4.3.2.1
One-way 0112/, (@) (b) Face of concentrated loads or reaction areas
, m (c) Changes in footing thickness
2 . o ][H B]h\/zb”h ® Table 21.2.1—Strength reduction factors ¢
wo-way Lesser of:
- Action or structural element ) Exceptions
O'ZZX\/Zb"h © @) ‘ Plain concrete elements 0.60 —

(11 is the ratio of long side to short side of concentrated load or reaction area.

P, = 1.6Live < @V, = ¢ X 0.22 X 1\/f!boh
1335 x 1.6 < 0.6 X 0.22 X 1 x V20(4 X (114 + 50)) X 50

21.36 kN <1936 kN  Not Good

Al g S S 8 5 e b sl @l b JAS 5555l £ = 20MPA 25L& i o ik
h=60 mm cubrs 5L Slasle | S5
21.36 < 0.6 X 0.22 x 1 X V20(4 x (114 + 60)) x 60 = 24.65 kN 0K

D¢ ooliiwl K8 L 6,015 61, h=80 mm cobs Jlas coul suis aogs OFY ay 25 0 @
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24.4—Shrinkage and temperature reinforcement

24.4.1 Reinforcement to resist shrinkage and temperature 24.4.3.2 The ratio of deformed shrinkage and temperature

stresses shall be provided in one-way slabs in the direction  1oinforcement area to gross concrete area shall be greater
perpendicular to the flexural reinforcement in accordance .. o equal to 0.0018

with 24.4.3 or 24.4.4.

24.4.3 Nonprestressed reinforcement 24.4.3.3 The spacing of deformed shrinkage and temper-

ature reinforcement shall not exceed the lesser of 54 and
24.4.3.1 Deformed reinforcement to resist shrinkage and 450 mm. -

temperature stresses shall conform to Table 20.2.2.4(a) and
shall be in accordance with 24.4.3.2 through 24.4.3.5.

Table 20.2.2.4(a)—Nonprestressed deformed reinforcement

Maximum A

value of f, or

i permitted Welded
for design Deformed Welded wire deformed
Usage Application calculations, MPa Deformed bars wires reinforcement | bar mats
. o ’Specll::el1 Ir]:eosment 550
Flexure; axial | Special scismic A706[1 Not permitted | Not permitted Not

systems Special structural permitted

force;-and
cmperature A615, A706, A955, A996,

[3114]
Other 690 A1035

A1064,A1022 | A1064,A1022 A1845]

5,8 bl 1258 )l50 3l Glgie Sl 2l sile)l (sl (35 gz g o e @
SasTo S

ST o

ool o oy aisl hg> aSiD

O O O O

ez ] aSs
s e Ly g 2l o Koo Glgie 4 (g1 909) eole ygile,T 5l oolatl 598 Jgo Gollae a5 04 azg3 @
28.26

1lp6@ 250mm - p = T0x 250 0.00226 > 0.0018 OK

b )l g cdl oo Koo a5 cuils ax g3 Wb e il oo S5 &l 5 2l gile,] lgie 4 VQO@ 250mm sl (0l Ll 5l ax 5
il 503 09290 laT 965 Shao 5 9l ylax]
5 00lit 19B@ 250MmM. ) el 1240 2] blod 4 ol

bh = &) 5 il slos Khs alols iSTam l il il oo JIs colies h oS wsl o hd &)l 5 il slos Kho y alols iSlas> @
A3l 05 X 50 = 250 mm
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< Min(5h, 450 mm)
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_(0.7xq,) x 752 (0.7 % 10.51) X 7.52

M
b 8 8

=51.73 kN.m

WIS T alade 5,80 gaz,u5 2 0V X Q16 5 Shio sae g0 5l oolazwl 581

d=300—-20—-8=272mm

_ A(R) 804 x400
4= ,)(085f)) ~ 700 x 0.85 x 20

a 27.02
M, 2'4,F, (277 - 5) = 804 x 300 x (277 - Z25) = 63,55 ki.m

2 2

=27.02mm < 50 mm

M, =56.58<09%x M, =572kN.m OK.
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As _2(2x201) 1.4 0.25/f 14 0.25v20
b,d 200 x 272 0.01478 = ppin (Max( Max|—,—— 0.0035 OK

51, 400’ 400
(S oo Joe Shlitins gl w5, 15 Jl 515 50 (5,185 o2 4l a5 1) 3,8k Sl J

A 2@ 20D _ 4 040) < —085% 5,3 - 08520 x085x2) = 0018 0K
bd ~ 700x272 = Pmax = 0855 frg = 085355 x 0.85 x5 ] = 0.
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9.8—Nonprestressed one-way joist systems
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700 x 50 x 25 + 250 x 200 x 175

- =113.23
L 700 x 50 + 250 x 200 i
700 X 503 , . 200 X 250° ,
ly =——5— +700 X 50(113.23 — 25) + —————+200 X 250(175 — 113.23)* = 730943630 mm"4
600 mm frl, 0.62v/20 x 730.9436 x 10°
o=l = 10.85165 kN.
Somm[ I RV 300 — 113.23 m
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d=272mm
2x|2¢16
2 % 10° 0515
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470020
nd; = 9.515 X 2 X (2 X ¢16) = 7652.5 mm?
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(t)0.6
10+(p)*°

(Pu:235 (3

creep coefficient = (t, t))=

(Gs) kSJ":\fJL-’ oL

|'Yc:’yla"Yﬂ"sz"Ys"Yy/"Ya|

Shrinkage strain =(¢ )=

t
35+t

(535) 518k ou;/(ssh)u=780x10-6ysh

(8 sh)u

‘Ysh:’YCp' 'Yj/"YVS' YS' ’YT "YC' ’Ya |

Loading age = 7 days =—> yla=1 e R
Loading age > 7 days ==>y, =1.25(t, )-0-118 olieb!

i S B 508G et T ol st

Relative humidity in percent

= 40 percent ==> y =1
A > 40 percent ==> y ,1=1'27'O'0067’1

Size effect :
va% (1+1.13 exp(-0.0213 V/S))

L
S=(2b+2h)L h  S=2b+2(t+h))L by,

Observed slump in mm

Slump: ys=0.82+0.00264s

Ratio of the fine aggreg-;:[e to total aggregate
by weight expressed as percentage

Fine aggregate percentage: yT=O_88+0,0024‘I’

Moist cured during a period of 7 days ==> ycp=1

Table 2.5.3 Shrinkage Correction Factors
for Imitial Moist Curing

Moist curing duratiom,
days
1
3
7

14
28

20
Relative humidity in percent >yl ST 55
s ook

40<A <80 => y,=1.4-0.01022, T 51,
80sA<100=> v;=3-0.0304 ~ 77 "5\

t eSS oty LT otse plneblce 5o

Shrinkage Ycp

2
1
0
8
7

COC - -
-1

Size effect : v,=1.2 (exp(-0.00472 V/S))

Slump: ys=0.89+0.041s

Ratio of the fine aggregatgo total aggre@

by weight expressed as percentage

<50 percent ==>y,,=0.3+0.014'¥
#>50 percent ==>1v,,=0.9+0.002¥

(Cement content in kg/m?
Cement content: 7.=0.75+0.00061¢”

(air content in percent )

Air content: y,=0.46+0.09a >1

(air content in percent )

Air content: 1,=0.95+0.008¢, >1

S v = e,NSL g3~ ol =
Ao, Fo=lsa s sk, =

700
501 ]

V__(bt+hb )L
SO
_ 700x50+250x200
T 2x700+2x300

250

=42.5 mm

200
creep:
Yos—2 (141.13 exp(-0.0213 V/S))=1

Shrinkage: e —

1.2 (exp(-0.00472 VIS)] (=™ S ) amociosraonios
ST AT e (t=90)‘; HoT s 00 e006s6x106
Pp=>y,ml A ==l azlo v 35+(90)

fficient =o (t, o) 0
creep coerricient = . = — (U
b N T
_ B (00)°
(tFo0) 7 TR = 2.35-2.35
o 10-+(c0)
A . 0.6
(=90) 7 T S L) M ——2.35=1.4
4le v 10-+(90)"
Shrinkage strain =(¢ )= — & D
sht 35+t
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) CASE1
8.036kN/m? x 0.7m=5.625 kN/m
A A

(i 0s) byl JS

D+SD+P+L (without creep)

30557 3¢ 2

\

addle .l atbg YAD axaw Loncrete Structures Stresses and Deformations, Third Edition wbs™ o A¥ Jle aliw ise opl Slawl=e

WS daxl e Lol xm e a4y s Sledbl gl aulgie o

qLl? 5625 x 7.5

M, = 5 = T = 39.5508 kN.m o1 (Mcr>2 L (10_85165)2 omr
M,, = 10.85165 kN.m M, 39.5508 '
B=1

Vel
abiie 5,55 S 3 pase 5,5 L CASEL b e alaiie sliswl sl

E, = 4700v20 = 21019
E.I = 21019 x 730943630 = 1.53637 x 10* N.mm?
M, 39.5508 x 10° _
== = 2.5743 x 107°

STATL: $1(t0) = 57 = 23637 % 0T mm

v o
edaie (43,55 S 3 pas o8 L CASEL L e adaite sliwil aplone

E. = 4700720 = 21019
E., = 21019 x 412.7275 x 10° = 0.867512 x 10** N.mm?

STAT2: (t,) = M, _ 395508 x10° _ 4559 x 1076
ot = EI ~ 0.867512 x 1013~ mm

N o) e G b 00

W =& xPy(te) + (1 — E)Py(to) = 0.9247 X 4559 X 1076 + 0.0753 x 2.5743 X 106 = 4.40955 x 10~°

30 sl sy a1 (2,8 bl 1S 55 Lisuil g 00gs yieS oo o)y K0 500 blas 5o ladus .apaie lis Ma cos | 15 lawg jo Ll 398 jlade

855] Gy |y a3 Jl08e ylgiae (03 S )b cod Juate yugs o S ol Sho ailen) ail S0 cogew Oyg0 4 5 Job

5 5
Acpser= Dpispepsr= EW = g X 440955 % 107% x 7500% = 25.83720703 mm

CASE2 j b JS& i arnlne -7
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CASE2

6.536kN/M2x0.7m=4.575 kN/m
5

A JAY

A -’
v

(L5 Os) soils sl

D+SD+P+pL (without creep)

3.03/57 \L 2

3 025

a8Me .ol g YAD amaw Loncrete Structures Stresses and Deformations, Third Edition ol ;0 AF Jle alice 25w opl Slewlow

WS dazl e Lol xz e a4y iy Sledbl gl aulgie o

qL> 4575 x 7.5

M, = =5 = —————=32.168 kN.m fo1g (Mcr)z o (10.85165)2 _ 08862
M,, = 10.85165 kN.m M, 32.168 '
p=1

Vel
iadaie 3,55 S5 pae 5,5 LCASEL L cow alaie sliswl denle

E. = 4700v20 = 21019
E.I = 21019 x 730943630 = 1.53637 x 10'* N.mm?

M, 32168 x 10° _
—2 =2.09377 x 107°

STAT1: ,(ty) = EI _ 153637 x 1013 mm

Y oJ-
E.=4700v20 = 21019

E., = 21019 x 412.7275 x 10° = 0.867512 x 10** N.mm?

M,  32.168 x 10°

STAT2:  1(to) = 1 =3.708 X 107°

T 0.867512 x 1013 mm
N o) b e 2l 090

1
Y =& XP,(ty) + (1 — &Py (ty) = 0.8862 % 3.708 x 1076 + 0.1138 x 2.09377 x 107 = 3.524 x 107 o

30 Lol sy 4ol (2,8 bl JieS 55 Lissil g 00gs yieS oo o)y K0 500 blis 5o Lok .apawe plis Ma cos | 15 lawg j0 Ll 398 jlade

:»b)j] Sy bp).\.o.a 0‘9"'3"’ 5(00).“,.5)[)&.,00&4&4)“9&).:.:)@'0‘;[;& ».\.o.tLon) MbJ&WQ)ybﬁJ#

5 5
Acasez= Dpisprozs.(No creep, No Shrinkage) = E”[’LZ =8> 3.5243 x 107° x 7500% = 20.65 mm

CASE3 ;| b JSo s alee =Y
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) CASE3
6.536kN/m2x0.7m=4.575 kN/m
<5
A FAN

D+SD+P+41. (with Syear creep)
3 og57 y \2
' 3 02

a8dle .ol 4t YAD amaw Loncrete Structures Stresses and Deformations, Third Edition ol ;o AF Jlie alice 25w opl Slewlow

DS dazl e Lol xz e a4y iy Sledbl gl aulgie o

(09,555 g p,9) ) >
edaiie (43,55 S 3 pas b b adaie slinil apline

oo, She lzml b 1) clsbrs 0l st ol 00 i o b Shoa 5151 licabl cgz 50 (- oleg 1) 00,555 5 5 ahaie Slaseis dpulns ;o
ol plx

E. = 4700v20 = 21019
E.I; = 21019 x 730943630 = 1.53637 x 10'* N.mm?

s _700x50x25+250x200%x175 _ ...
1(t=0) = 700 X 50 + 250 x 200 T AiSesmm

700 x 503 200 x 2503

Lit=0) = 1 + 700 x 50(113.23 — 25)? + 12 + 200 x 250(175 — 113.23)% = 730943630 mm"4

M, 32.168 x 10°
= 2.09377 x 107

STATEL: ¥1e=0) = 1 = 153637 x 100 mm

10y 538 5l e o A o dwlos

Age adjusted modulus of elasticity of concrete:

creep coef ficient = ¢(t, t,) = 2.35 B
X =08 Ee(t,to) = 1+ y X cree Ccoefficient = 7298.277 MPa
E, = 470020 = 21019 X p

__ B _ 200000 .
" E () 7298277

(ghie (53,95 S5 pae (2 L) VAl 5o ey )35l Gy a8l Joos ghate Slasiin deulox
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(n-DA's 700 mm
50 mm jw

250 mm
(n-1)As E; 200000

200 mm "TE.(tt) 7298277
(n— 1A, = 264 % 2 X (2 X ¢16) = 21235.14 mm?

(n—1)A, = 26.4 X (2914 + ¢8) = 9456.27 mm?

. _ 700 X 50 x 25 + 250 x 200 x 175 +21235.14 X 277 + 945627 X 23 _ .
1t=0) = 700 x 50 + 250 x 200 + 21235.14 + 9456.27 = 199 mm

)

700 x 503 200 x 2503
=7 — 700 x50 x (135.92 — 25) + ——— + 200 X 250(175 — 135.92)”

+ 21235.14 x (277 — 135.92)2 + 9456.27 X (135.92 — 23)? = 1317915499 mm"4

(0,8 Hg) N S 3 o a5 e dsslone

700 x50 x 25+ 250 X 200 x 175 — Ay X 277 — As X 23

= = 112.0498
1 700 x 50 + 250 x 200 — A, — A, mm

700 mm

50 mm b el plp aidly hows 00,950 S 5 alaie daw 35 10 5 00,9508 S5 (0 phaw 35 0 NS
I Yot — Yi(emooy = 112.0498 — 135.92 = —23.87 mm
200 mm
Icl
700 x 503 200 x 2503

= —— 5 +700 x 50 x (135.92 — 25)? + ——-—— +200 x 250(175 — 135.92)? — 4, x (277 — 135.92)"

— Ay X (135.92 — 23)? = 754105084 mm*

Ag =700 %x 50 4+ 200 x 250 — A — A, = 83837.611 mm?

o _ Lo 754105084 o
T = T 83837611 mm

«(Concrete Structures Stresses and Deformations, Third Edition LS ;o YA alal)) Losl zelS o o dwlxe

I 754105084
Ier—oy 1317915499
Creep Coef ficient = ¢(t,t,) = 2.35

P, (to) = 2.09377 x 107°
£0(to) = Y1e=0) X (Yigr=oo) — Ya(e=0)) = 2.09377 x 107¢ x (135.92 — 113.23) = 4.751 X 107°
Yoy = Yi(tooy = —23.87

= 0.572195323

K=

~~

I
r3 = Ail = 8994.830341
c

gs(t, o) = —0.00078

Yo = Yit=oo) Y1 = Yig=w)
A, =k [‘{b(t’ to) (lpl (to) + &o(to) _—= > + £¢5(t, to) _ 5
rcl rcl
=0.572195323 [2 35 x (2 09377 x 1076 4+ 4.751 x 1075 —23.87 ) 0.00078 —2387 ) _ 3.83027 x 1076
e : ' ' 8994.830341 : 8994.830341] ~

Wi(emem) = Prem0) + Ay = 2.09377 x 1076 + 3.83027 x 1076 = 5.92403 x 10

Y e
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iehaie (48,65 S5 2,5 by (50) ooy jo adatie sl

700 mm ':[ B
; y Y 5
2xP14 2x10
= - n=-———=9515
- d=272mm 4700m
nA; = 9.515 X 2 X (2 X ¢16) = 7652.5 mm?
2x|2¢16 (n — 1A, = 8515 x (2¢14 + ¢8) = 3050 mm?

Y.
(500 X 50) X (¥, = 25) + (200 X 1;) X == + 3050 X (¥ = 23) = 7652.5 x (277 — ¥,)
Yz(f=0) = 66.4’69 mm

500 x 503 200 X Y
Le-0) = —5 — + (50 X 500) x (¥, — 25) + TZ +n4s(d —Y,)? + (n — DALY, — d')?
= 412.7275 x 106 mm*

EIyi=qy = 21019 X 412.7275 x 10° = 0.867512 X 10"* N.mm?

M, 32.168 x 10°

_ 1
STATE?2: ¢2(t=0) = E = m =3.708 x 10~° %
relaiie (355 S5 S8 L
700 mm )

2xp1a — {Y

d=272mm

’ E 200000
2x[2¢16 | == 27.4

E.(t,to) 7298277
(M)A, = 27.4 X 2 X (2 X ¢16) = 22039.3847 mm?
(n— DA, = 26.4 x (2014 + 8) = 9456.27 mm?

Y,
(500 X 50) X (¥, — 25) + (200 X Y¥,) X 72 +9456.27 X (Y, — 23) = 22039.3847 X (277 — Y,)
Ya(t=er) = 103.8739119 mm

500 x 503 200 x Y3
Lyt=coy = — + (50 x 500) x (Y, — 25)% + TZ+ nA (d — Y,)? + (n — DALY, — d')?

= 957.8824 x 10° mm*

(0 8kee 92) i gebams 3 50 dsslne
500 X 50 X 25 + 66.469 X 200 X “22 — Af X 23
Yo = 500 X 50 + 66.469 x 200 — A4} = 27.904 mm
700 mm i
Y2
50 mm AR
250 mm | |
L
200 mm

ol il 58l yd 03,555 55 e e 35 50 503,955 55 (5 oo 35 0 DS
Yoo = Ya(rmey = 27.904 — 103.8739 = —75.969 mm

500 x 503
c2 =7 — 500 x50 x (1038739 —25)° +
200 X 66.469° 66.469)° ) A
+T+ 200 X 66.469 x (103.8739 - ) — Ay X (103.8739 — 23)* = 229.622 X 10° mm
Ag, =500 X 50 + 200 X 66.469 — A} = 37935.656 mm?
, 1l 229622783 6052.95 )
T == = 95 mm
27 A., 37935.656
(Concrete Structures Stresses and Deformations, Third Edition wUS ;o YA adal)) bl zalS o po dsle
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I,  229.622x10°
" Iyg—ey  957.8824 x 10°
Creep Coef ficient = ¢(t,t,) = 2.35
¥, (t,) = 3.708 x 10~°
£0(to) = Yaemoy X (YVacemany — Ya(emoy) = 3.708 x 1076 x (103.87 — 66.469) = 0.00013868
Yo, = Yarmen) = —75.969
I, 229.622 x 10°
= A, 37935656 009295
£.5(t, ty) = —0.00078

= 0.2397

K2

~~

2
Te2

Y. = Yiteoo Y1 —Yiteo
A, =k, [d’(t; to) <1/)2 (to) + &o(to) Clr—zl(t)> + &¢5(t, to) Clr—zl(t)]

cl cl

—75.969 —75.969
= -6 _ = —_— = -6
0.2397 [2.35 X (3.708 X 107° + 0.00013868 6052.95) 0.00078 6052.95] 3.455x 10

Yaeee) = Wageeoy + AP, = 3.708 X 1076 + 3.455 x 10~° = 7.16307E — 06
N oo\ e g b o9y

ql? 4575 x 7.52
M,=""—=—"""""_=-32168kN.m

8 8 =1 (M”)Z =1-05 <10'85165>2 = 0.9431
M., = 10.85165 kN.m §=1-6 - “\ 32168 /

=05

£=109431
Vy(ime) = 7-16307 x 10°
Wymgy = 592403 X 107°

1
= & X Wpmemy + (1= OPaemo) = 09431 X 7.16307 x 10° +0.0569 x 592403 x 107 = 7.09257 x 107 —

30 sl sy a1 (0,8 bl 1S 55 Lissil g 00gs yieS oo o)y K0 500 blas ;o ladus .apaie lis Ma cos | 15 lawg jo Ll 398 jlade

3,59) Cowds 1y 3 Jladie Glgis d(od ind Jb Cov Jabo yugs 5 S pl Shs asilen) ol IS5 coger S ygo 4 5 Jobo

5 5
Acasez= Apisproosy(including Long term creep & shrinkage) = ﬁlpLz =8 X 7.09257 x 107° x 75007

= 41.558 mm

CASE3 jl ol US55 auloee -A

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl =~ cewl xled "é.,;uo 53 L" 093> (pl e Lacl fvyf
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CASE4
3.0357kN/m?x 0.7m=2.125kN/m

&) ok b Solabas Jlast i 3
(Jot ol ¥)
D+a(SD+P) (with 3month creep)

N
3.0357 3

a8dle .Zawl 4Ll YAD axas Loncrete Structures Stresses and Deformations, Third Edition wbs™ 0 AF Jle aslie 25w ol Slawlore

DS anzlye ol gz pe ay yiion Sledlbl (gl wlgs ploe

(00)9;'66.2.'&&)5)\ e
:é]a.ﬁ.ooo)}} J/J pos uo;ﬁbé]aj.a‘.gla.?u‘wlz.o

o, Koo Cluxl b ) Slasles () Glgis ol ool a5 B8 o oo Koo [T 51 laedsl cqa 10 (¢ le) 0) 03,556 S 5 alate Slastive dewle ;o
sls alol

E. =4700v20 = 21019

E.l, = 21019 x 730943630 = 1.53637 x 10* N.mm?

L, _700x50X25+250x 200175 _ ..,
1(t=0) = 700 x 50 + 250 x 200 = AAsesmm

700 x 503 , . 200 x 250°
L=y = —5— + 700 X 50(113.23 = 25)* + ——>——

+ 200 x 250(175 — 113.23)% = 730943630 mm"4
M, 14.941 x 10°

STATEL: Yy(t=0) = EI ~ 1.53637 x 1013

1
=9725x 1077 —
mm

:oley 35 51 e (5 AtV Jgde dpnlne

Age adjusted modulus of elasticity of concrete:

creep coef ficient = ¢(t, ty) = 1.4 E
*=08 Eelt,to) = 1+ y Xcree Ccoefficient = 9914.6 MPa
E, = 4700v20 = 21019 X p

E; 200000
E.(t,t,) 9914.6

n= = 20.17

(hie (13,95 S5 pae (2 L) ) Al 5o ey 35 5l G 4l Jros glate Slasiin deulox
(n-DA's 700 mm

50 mm instagram.com/masoud_hoseinzadeh_asl el &lods "gie 53 L' ogim cpl e lacsl Yo
] Y1 www.hoseinzadeh.net
END A
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E; 200000
E.(t,t,) 9914.6

n= = 20.17

(n—1)4, = 19.17 x 2 X (2 X ¢16) = 15419.19 mm?
(n— 1A, =19.17 X (2p14 + ¢8) = 6866.36 mm?

. _ 700 X 50 X 25 + 250 X 200 x 175 +15419.19 X 277 + 686636 x 23 _ .
1e=e0) = 700 x 50 + 250 x 200 + 15419.19 + 6866.36 = aelmm

[ (t=c0)

_ 700 x 503 200 x 2503

B + 700 x 50 x (131 —25)2 + B + 200 x 250(175 — 131 )% + 15419.19 x (277 — 131)2

+ 6866.36 X (131 — 23)? = 1166532940 mm"4

355k 590 1 Sl (5t el 3 50 dlone

700 x50 x 25+ 250 X 200 x 175 — Ay X 277 — Ag X 23

= 112.0498
1 700 x 50 + 250 x 200 — A, — A, mm

700

b ol iy 453l o5 03,936 53 e gt 350 53,555 5 5 5 s 350 ST
Ye1 — Yigt=w) = 112.0498 — 131 = —18.946 mm

200 mm

_ 700 x 503 200 x 2503

700 % 50 X (131 = 25)” + —————+200 X 250(175 — 131)* = 4, x (277 ~ 131)?

— Ay x (131 — 23)% = 736436813 mm*

Ay =700 X 50 + 200 x 250 — A, — A, = 83837.611 mm?
, _Ii 736436813

= 70 T 8784.08 mm?
1= ) T 83837.611 mm

«(Concrete Structures Stresses and Deformations, Third Edition wLS ;o YA alal)) Los! jzelS o o dwlow

Iy 736436813
" Lg=wy 1166532940
Creep Coef ficient = ¢(t, ty) = 1.4
P, (ty) = 9.725 x 1077
£0(to) = Y1e=0) X (Yi(r=oo) = Ya(e=0)) = 9.725 x 1077 x (131 — 113.23) = 1.7281 x 1075
Yo — Yi(reoo) = —18.946

K = 0.6313

~~

I
r2 =L = 8784.09
cl
ees(t, to) = —0.000562

Yoo — Yo Yoo —Yitco
Ay, =k [¢(f, to) <¢1 (to) + &o(to) Clr—zl(t)> + £¢5(t, to) Clr—zl(t)]

cl cl

—18.946)

0.000562 _18'946] =1.5918 x 1076
8784.09 ' 784.09]

= 0.6313 [1.4 X (9.725 x 1077 + 1.7281 x 1075 3

Wi(tmm) = Wiemoy + APy = 9.725 x 1077 + 1.5918 x 1076 = 2.564 x 107°
Y o>
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iehaie (48,65 S5 2,5 by (50) ooy jo adatie sl

700 mm ':[ B
; y Y 5
2xP14 2x10
= - n=-———=9515
- d=272mm 4700m
nA; = 9.515 X 2 X (2 X ¢16) = 7652.5 mm?
2x|2¢16 (n — 1A, = 8515 x (2¢14 + ¢8) = 3050 mm?

Y.
(500 X 50) X (¥, = 25) + (200 X 1;) X == + 3050 X (¥ = 23) = 7652.5 x (277 — ¥,)
Yz(f=0) = 66.4’69 mm

500 x 503 200 X Y
Le-0) = —5 — + (50 X 500) x (¥, — 25) + TZ +n4s(d —Y,)? + (n — DALY, — d')?
= 412.7275 x 106 mm*

EIyi=qy = 21019 X 412.7275 x 10° = 0.867512 X 10"* N.mm?

M, 14.941 x 10

_ 1
STATEZ ¢2(t=0) = E = m = 1722 X 10 6 %
o 5> S5 2
700 mm )

2xp1a — {Y

d=272mm

’ E 200000
2x[2¢16 | == =20.17

E.(t,t,) 9914.6
(M)A, = 20.17 X 2 X (2 X ¢16) = 16223 mm?
(n— 1A, =19.17 x (2914 + ¢8) = 6866 mm?
Y.
(500 x 50) X (Y, — 25) + (200 X Y,) X ?2+ 6866 x (Y, — 23) = 16223 x (277 — Y,)
YZ(t:oo) =92.09 mm

500 x 503 200 x Y
= 757.28 x 10° mm*
(0,8 g) (o o 35 o dalone
500 X 50 X 25 + 66.469 X 200 X <22 — Af x 23
Y,, = = 27.904
2 500 x 50 + 66.469 x 200 — A, mm
700 mm )
50 mm YCZ YZ(t:o)
250 mm | I
L
200 mm

b Zewl ply a8l o 00,958 S 5 alafie gelaws 3550 903,955 S 5 (0 el 35 e DS
Y5 — Yp(oamy = 27.904 — 92.09 = —64.188 mm

500 x 503
@= "1

+ 200 X 66.469 x (92.09 -

+ 500 x 50 x (92.09 — 25)% +
66.469

200 X 66.4693
+—

2
B ) — A} X (92.09 — 23)? = 166.98 X 10° mm*

Ag, =500 X 50 + 200 X 66.469 — A, = 37935.656 mm?

I, 166.98 x 10°

i — 2
= 3753548 = 1401713 mm

2
Te2

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl ~ cewl lods "aie 53 L' ogim cpl e lacsl fvyy
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(Concrete Structures Stresses and Deformations, Third Edition wUS ;s YA adal)) Lol galS o po dsle

I, 166.98 x 10°
" Dygey 757.28 X 106
Creep Coef ficient = ¢(t, ty) = 1.4
Y, (ty) = 1.722 x 1076
£0(to) = Yaq=0) X (Yar=w) — Yae=0y) = 1.722 X 1076 x (92.09 — 66.469) = 4.412 x 1075 »
Yo, = Yo(eo) = —64.188
2 Iy 16698 x10° _ 2401
27 A,  37935.656
£cs(t, to) = —0.000562

K, =0.2205

Y. — Yiteoo Y1—Yiee
Ay, =k, [d)(t, to) (1/’2 (to) + &o(to) Clr—zl(t)) + &.5(t, to) Clr—zl(t)]

cl cl

—64.188

) 0.000562 _64'188] =2.1401 x 1076
4401 : 4401 1 7

= 0.2205 [1.4 X <1.722 X 107° + 4.412 x 1075

Wiememy = Va(emoy + AP, = 1.722 X 1076 + 2.1401 x 1076 = 3.862 x 10°
N o) e G b 00

ql?  2.125x 7.5
My=-——=""""=14941kN.m

P 3 _, (Mcr 2_1 05 10.85165 2_0736
M., = 10.85165 kN.m ¢=1-8 ) B ' (14.941 ) o

B =05

£=10.736
V)(ime) = 3862 X 107°
Wyemgy = 2:564 X 107°

1
¥ = & X Wymmy + (1= om0 = 0.736 X 3.862 X 107° +0.264 X 2.564 x 1076 = 3.52x 107 —

30 sl sy a1 (0,8 bl 1S 55 Lissil g 009y yieS oo o)y K0 500 blas 5o lads .apaie lis Ma cos | 15 lawg jo Ll 398 jlade

2«))9] Sy |)).o.‘>)‘o.\.0.c u‘a.a.:.c 5(00).“,.5)[)&.,00&4&4)“9&).:.:)@'0‘;[;0 ».\.o.tLer) MLJS.«JWQ)FQ).:JJ#

5 5
Acpspa= Ap(including 3 month creep & shrinkage) = El[)l‘z =18 X 3.52 X 107° x 7500% = 20.625 mm
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S5 s Jp5 S
39 00l ase i polde lasls be o g by )0 oo sl sloylSe yois 1-F-Y-14-4

DS el Y-14-9 Jgus
Slee Ol st XS Ta> ¥-18-4 Jour

5 s s i
olisdl | 7 o g glgil
ol I 3590
Glojlw e glacl 4y a5 couv lgal -)
llﬁ 58S cai (5 00aK | b T b aics Jae
gﬁb‘:—‘u&nﬁ Lacel ol )0 (g ]Jh‘}o&aﬁgﬁw_lﬁb
. [ o33 sla,bs 5l S god olowy]
360 WS 5,90 55 Yl aile -
e 5l e ]
: Jlasl §l amy a5 e | Slosbo s slodel 0 &5 oS sl Y
Vs 780 lojl yai Ll | 3 D iSee 6 0a s 1y Lag T b sizes Juaie
).a.’) ) T e
h L ‘)5‘:‘5“ él’:ﬂ‘ Q_{l ) w‘ C«_.u‘u_io.a-)li)' Q&AM
e S olouyl Ll
b a3l K
l 5 il a5l | Slosbo 2t sloael 4 45 QledS'L sl -F
o | 3ms | b T e s | oy S T T s e
0)4..\) .-

=l 00 gl b Jl._?}i‘uﬁ‘c)_i‘)éwiél_ﬂ)"')l_ibntis
Y 0 pas) iSpad

0,5 S el slojlu pué slael 4 ol Sl 5l 0% (5 pmalas 35T L (ylgi 45 5yg00 ;0 =) 0 puaad

Sl il les oo ) Cudgame ol 4y bgy e 9>

S el (slojlus yut SlakaB (5,00 15, a5l auls 0ol puas > —Y 0 g

el 4 Jlasl 5l Jod a5 L ;i 5l comnd ] Jols e 50 K0 s 4Ll — Y o guand

Lael ol Jlas! 5o g Jod (ol jots Joli Cids )0 5 9998 sod oCasl 00 ol (glojlus yue
bl

slacusgame cole, g,law 5 6l o SgSme B )late slolozsle o Y-F-Y-Y4 -1

.-)9.':1.?49 ‘5513 kSSlS Y-14-14 J5A> )| f 9 Y dlbo)l.o.:a

L _
220 ASos ool ol (gl o5l jue lalad (o ol S sy S

I o s <47 : ‘ i o e otk s S
280 5= dlou ! ol (gl o5l yue Slalad jo 0l Ko ks S

053 )b Gl s < %
S oo Sl ol sl ojle o8 Dlakad )3 0by JSO s aSul (23 L
Acasg1= Dpisp+ps( No creep, No Shrinkage) = 25.83720703 mm
Acaspr= Apisprozs, (No creep, No Shrinkage) = 20.65 mm
Acaspz= Dpisptozsy(including Long term creep & shrinkage) = 41.558 mm

Acpspa= Ap(including 3 month creep & shrinkage) = 20.625 mm

L 7500
B ssoitos; = (CASE1 = CASE2) + (ASE3 — CASE4) = 2612 < (% =0

=31.25mm> 0K
e .(O)‘O w).(u) Sl 0] Cowdy Mb 90 b)bWﬂj‘J}b)o Lol r:‘)vao d.;.q‘ fﬁbjﬁh&jﬂw)fbmm YZAY )L.\.a.o o

ag1‘54cmwmm YA.-OY f‘f&.ﬁ&).\.&a LS " Lg).afdl)f.ul d,d»),«.tds.la)djslw‘ o0l 43..»9.\)514..& Q’l‘ Lg|).’45J.w5‘w

A—5263<(L = 7590 _ 083 )01<
L= 360 360 oo

S 5 5o 5 (sisSs 3lae (lailorls (s oa ools Sialod 35 a8 UK 1o S (AR Liulg) i e I T-F-Y100 0y 5L @
ol 0025 7 ,lae ACI-318-19 o ot ol aslis 45 0gd az g5 .0uSe culaS L/240 cuvgomme cule,
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ol 0al ools lis slpiiag (g, bedd S8 sle 4z 15 gl diged iz 3 Jglos po
el 00l 5,5 EC = 4700 V20 = 21019 MPa 5wVl Joow 58300 Jsb slas Shs 03, C20 1 o3,

F

20 50

25

— 4z oh 304 kg/m2
201 &5\ + 6 5laS 200 kg/m?

6a 43100 kg/m?
o} 200 kg/m?

F

10 50

25

a3 % 229 kg/m?

zo|_I G5l + o LS 200 ke/m2
] 0T i 5100 kg/m2
o235 200 kg/m?

Lo = —
9o |z2ol._40 ]20

L2 -

o jol._40 ho

ax 5 o= 375 kg/m?

3l n; + &3S 300 kg/m?

$a 425100 kg/m?
5153 200 kg/m2

a3 oo 250 kg/m?

&b + ¢ 3LsS 300 kg/m2

$95 45100 kg/m?
o153 200 kg/m2

sl [ Lste,T

s | s sk PR P UL | S

ks3| 8 |2(2016+1012)|2014| #4.5
k3| 7.5 2(2816) 2014| 94.5

&5 7.5 2016+20814 |1014| 64.5

5 € 7 2016+1014 |1810| 04.5

&S 6.5 2014+ 1814 |1810| 64.5

& 6 2012+ 1814 |1610| 94.5

£ 5 208+ 1614 188 | #4.5

&S 4.5 2010+ 188 188 | 4.5

&S 4 2010 188 | 4.5

s 3 208 188 | 4.5

o [T— — 4 w5 % 304 kg/m?
b 20 50 20 W LS 300 k 2
N st 8 @150k§//$2
o3 250 kg/m?

0T |—l 4z 5 o0 229 kg/m?
0 10 50 10 L s ;LaS 300 kg/m?2
o J SO ) +‘5:\53j4-'-_»3150kg/m2

oxi’3 250 kg/m?

)35\‘)T )J‘—l‘)T
5| s sk JER I S | 81K
k3| 8 |2(2016+1016)|2014| 74.5
K3l 7.5 |2(2016+188) 2014 04.5
&5 7.5 2016+2014 1014 04.5
&S 7 2016+1814 1810 84.5
&G 6.5 2014+1814 |1810) 94.5
£E 6 RE12+ 1814 |10710| p4.5
G 5 208+ 1614 188 | 24.5
|45 2010+168 |108 | 04.5
s 4 2010 188 | 94.5
&S 3 208 108 | 84.5
0 [T —| 4z ;5 o2 375 kg/m?

o s+ ¢ 3l 300 kg/m2
o lzol 40 |20 s5ln; gfﬁag:-lSOkgﬁ

o153 250 kg/m?

0 [ |4 ax 5 % 250 kg/m?
o Jol 40 ho| b+ s 5ls 300 ke/m?
N o 43150 kg/m?

0255 250 kg/m2

o | s il steT ’,’:\‘f\fT }T;fj
k3l 7 |2(2016+1612)|1810| 64.5
S| 6.5 | 2016+1616 |1010| 94.5
S| o6 2016+1610 |1810| 04.5
|5 2010+1614 |1610| p4.5
S| 4.5 208+ 1014 |188 | #4.5
S|4 2010+108 |108 | 74.5
S| 8.6 2010 108 | 04.5

www.telegram.me/hoseinzadehasl

a5 | ez 5 35k oy sl ):l\;\:T :c’rtgj
kss| 7.5 |2(2016+1616)|1814| 04.5
C€ 7 2016+2014 |1810| 04.5
S| 6.5 | 2016+1614 |19610]| 94.5
S| 6 2012+1616 |1010| 4.5
Ee 5 2010+ 7012 | 198 | 04.5
| 4.5 2010+1610 | 1988 | 4.5
S5 | 4.2 _2910+108 |188 | 4.5
e 3.5 2010 188 | 94.5
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