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19.2.2 Modulus of clasticity R19 2.2 Modulus of clasticity
192.2.1 Modulus of clasticity, E., for concrete shall be R192.2.1 Studics leading to the expression for modulus
permitted to be calculated as (a) or (b): of elasticity of concrete are summarized in Pauw (1960),
where E, is defined as the slope of the line drawn from a
(a) For values of w, between 1440 and 2560 kg/m? stress of zero to a compressive stress of 0.45f,. The modulus

of clasticity for concrete is sensitive to the modulus of clas-

E.= wc150.043\/f7c' (inMPa) (19.22.1.a) ticity of aggregate and mixture proportions of the concrete.
Mecasured clastic modulus values can range from 80 to

(b) For normalweight concrete 120 percent of calculated values. ASTM C469M provides
a test method for determining the modulus of clasticity for

E.= 4700\/?‘; (in MPa) (1922.1.b) concrete in compression.

l oo Sy 1 Syse 4 G Al Jse polis ff = 25MPa sl
E. = 4700,/ f. MPa = 23500MPa ACI318-2014 ., &5 ala),

kg . .
W=2400-F (53L

5056,/f; MPa = 25279 MPa :ACI318-2014 535 akal,

E. = W5 x 0.043,/f!

WC=2300% AL
4743 /fT MPa = 23715 MPa  :ACI318-2014 .35 4k,

E, = W5 x 0.043,/f!

b oo oyt atenita¥] g ol Ve JIA g0 0¥g8 ateci¥l Jgow (B = 2 X 10°MPa) oYgs L anslis b
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19.2.3 Modulus of rupture

19.2.3.1 Modulus of rupture, f;, for concretc shall be
calculated by:

£ =0.620/ T, (192.3.1)

where the value of A is in accordance with 192 4.

A yg) Gy |, 400 X 400 mm? aaiio b it (ygiw So (5 )Lid g oiidS Cooglie : b

L5 Cunglie = Ay f = (400 X 400) X 25 = 4000 kN

S Ceaglie = Ay (0.62\/Z> = (400 x 400) x (0.62v/25) = 496 kN
el 00 Jlogl (1 el (] colpd 3gd Slonlne 0 iS5 @
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Split cylinder test (ASTM C496) sl Jgow -Y
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(d) Distribution of oy on vertical diameter,

P
(c) Stresses on element.
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20,000
o3 = psi
P / 3
16,000 Ve a4

g 7

~ 12,000 ot —

b ’ .

g // o3 = 2010 psi

% / / i o3 o3

= 8000 A

g / o3 = 1090 psi

E f—— : T

\ — -
Flg 3-15 4000 3 = 550 psi g4
Axial stress—strain curves ~o3 =0
from triaxial compression
tests on concrete cylinders; 0
unconfined compressive
. 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

strength f7. = 3600 psi. S
(From [3-3].) Strain (in./in.)
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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 = €; + 2¢5 Compressive
/strength
€3 €
- "~ 7

Unstable crack propagation \E:
Critical stress i

Stable crack propagation ~—

Discontinuity limit o

\

A

Stable crack initiation ~

Fig. 3-1
Stress—strain curves for Y

\
\
\
\
\

' 04

concrete loaded in uniaxial Tension
compression. (From [3-2].)

0

Compression

Strain
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5.3—Load factors and combinations
5.3.1 Required strength U shall be at least equal to the

effects of factored loads in Table 5.3.1, with exceptions and
additions in 5.3.3 through 5.3.12.

Table 5.3.1—Load combinations

Primary
Load combination Equation load
U=14D (5.3.1a) D
U=12D+1.6L+05(L,or SorR) (5.3.1b) L
U=12D+16(L,otSorR)+(1.0Lor0.5W) | (53.1c) | L,orSorR
U=12D+1.0W+1.0L+0.5(L,or S or R) (5.3.1d) w
U=12D+1.0E+1.0L+02S (5.3.1¢) E
U=09D+1.0W (5.3.19) w
U=09D+1.0E (5.3.1g) E

5.3.3 The load factor on live load L in Eq. (5.3.1c),
(5.3.1d), and (5.3.1¢) shall be permitted to be reduced to 0.5
except for (a), (b), or (c):

(a) Garages
(b) Areas occupied as places of public assembly
(c) Areas where L is greater than 4.8 kN/m?
e g ey 5k oS ) Sk S 5 0 s (ool Cual wiian Al (695 ol &5 2l oS 5 Olnl 99 23 A3l 4 az g L
el oo ool iales b oLl oS 5 5l By JKE 40 okt a3 s el

() Load cases

D i oilw p 351 (sl sl
bHHHHc AR RN N .
LL) LT
a d a d a d

(i) Load combinations

14D 1.20+16L

NEERREEEY NERREREYY

a d a d
Moy
14D s o 5| [ 12D+ 1.6L]

1.20+1L 1.20+L 090 090

bHHz}\Vch bH‘lé:UHc blHJ:’UHC blll&“lc
Ll L T LA
a d a d a d a d

Mewr ¥
12D+ 1.0E+1.0L [ PFR g ]

09D +1.0FK
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Table 21.2.1—Strength reduction factors ¢

Action or structural element [0 Exceptions
Near ends of preten-
. 0.65 to .
Moment, axial force, or . sioned members where
. 0.90 in
(a) | combined moment and strands are not fully
. accordance .
axial force with21.2.2 developed, ¢ shall be in
“ | accordance with 21.2.3.
Additional requirements
i in21.2.4 f
(b) Shear 0.75 are given in 2! or
structures designed to
resist earthquake effects.
(c) Torsion 0.75 —
(d) Bearing 0.65 —
© Post-tensioned anchorage 0.85 o
zones
® Brackets and corbels 0.75 —
Struts, ties, nodal zones, and
bearing areas designed in
. 0.75 —
(8) accordance with strut-and-
tie method in Chapter 23
Components of connec-
tions of precast members
h s 0.90 —
®) controlled by yielding of
steel elements in tension
(1) | Plain concrete elements 0.60 —
0.45 to
. 0.751
. Anchors in concrete n
) accor- —
elements .
dance with
Chapter 17
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1- Strength limit states

(a) Loss of equilibrium.

(b) Failure.

(c) Progressive collapse.

(d) Formation of a plastic mechanism.
(e) Instability.

(f) Fatigue.

2- Serviceability limit states

(g) Excessive deflections for normal service.
(h) Excessive crack widths.
(1) Undesirable vibrations.

Serviceability limit states include onset of structural or nonstructural damage, visible deflections, and vibrations

causing occupant discomfort

3- Special limit states

(a) Damage or collapse in extreme earthquakes.
(b) Structural effects of fire, explosions, or vehicular collisions,
(c) Structural effects of corrosion or deterioration.
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20.6.1.3 Specified concrete cover requirements

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.

Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members

$20

$10

N

40 mm

clear cover

60 mm
Sl by
S s e

cover to

 rebar center|

Specified
Concrete exposure Member Reinforcement cover, mm
Cast against and
permanently in All All 75
contact with ground
No. 19 through No. 50
Exposed to weather 57 bars
or in contact with All No. 16 bar, MW200
ground or MD200 wire, and 40
smaller
No. 43 and No. 57 40
Slabs, joists, bars
and walls No. 36 bar and
Not exposed. to smaller |
weather or in
contact with ground Beams, Primary reinforce-
columns, . .
ment, stirrups, ties, <:
pedestals, and .
.. spirals, and hoops
tension ties
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9.5.2 Moment R9.5.2 Moment
9.5.2.1If P, <0.10f.'A,, M, shall be calculated in accor- R9.5.2.2 Beams resisting significant axial forces require
dance with 22.3. consideration of the combined effects of axial forces and

moments. These beams are not required to satisfy the provi-
sions of Chapter 10, but are required to satisfy the additional
requirements for ties or spirals defined in Table 22.4.2.1.

9.5.2.2 If P, > 0.10£,'A,, M,, shall be calculated in accor- For slender beams with significant axial loads, consider-
dance with 22.4. ation should be given to slenderness effects as required for
columns in 6.2.6.

[22.3—Flexural strength]

22.4—Axial strength or combined flexural and
axial strength
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19.2.3 Modulus of rupture
19.2.3.1 Modulus of rupturc, f;, for concrete shall be
calculated by:

£ = 0.620 (192.3.1)

where the value of A is in accordance with 192 4.

fr = 0.62v20 = 2.77 MPa
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21.2.2 Strength reduction factor for moment, axial force,
or combined moment and axial force shall be in accordance
with Table 21.2.2.
21.2.2.1 For deformed reinforcement, &, shall be f/E;.
For Grade 420 deformed reinforcement, it shall be permitted
to take &, equal to 0.002.
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
T Compression-controlled 0.75 (a) 0.65 (b)
g, < g < 0.005 Transition!" 075+ 0.15M (c) 0.65+ O.ZSM )
O (0.005—¢,) (0.005-¢,)
g = (.005 Tension-controlled 0.90 (e) 0.90 N

MFor scctions classificd as transilion, it shall be permitied to usc ¢ corresponding o compression-controlled sections.
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9.3.3 Reinforcement strain limit in nonprestressed beams

9.3.3.1 For nonprestressed beams with P, < 0.10f.'4,, &
shall be at least 0.004.
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9.6.1.2 A, ., shall be the greater of (a) and (b), except as
provided in 9.6.1.3. For a statically determinate beam with
a flange in tension, the value of b,, shall be the lesser of Af
and 2b,,.
025/ F
(a) —\/wad
1
14
(by —b.d
5
9.6.1.3 If A, provided at every section is at least one-third
greater than A; required by analysis, 9.6.1.1 and 9.6.1.2 need
not be satisfied.
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25.2—Minimum spacing of reinforcement
25.2.1 For parallel nonprestressed reinforcement in a hon-

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

25.2.2 For parallel 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
1in.

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

@ o @ @
e o @ o o
‘_,al 5 alold Second layer “’é" fl.alﬁ No Yes
/—_ Arrangement of bars In two layers (AC| Section 7.6.2).
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FIGURE 6.26 Effect of compression reinforcement on the moment—curvature relation.
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(fs’ <F,

£ = Fy> & yLikd 3Y g3 U of pod abolio  sinas caoglite

el | X jlade 13 Va0 doles 51 aul !

4 ! / (x - d,)
AsFy = 0.85f; (bfx — A3) + AsE,——£cy

ail o €y = 0.003 ,Eg = 2 X 10° 555 dobre 0

sl Canay g lad glao Koo jo a5 e wub X jlade (528 5l g
x—d’

fS’ = EsTgcu

Bx

M, = ALf(d — d') + 0.85f (Bxb — AL) (d _ 7)

fs =5 i o e s

: f —F GoLid oV ed L ol o ablio Lios Cuoglie
s y
plo 1) X Jlade 5 doles 5l auls lacl

AF, — ALF,

0.85Bf/b
1l (o0 Cesds pslie S jlade X lade (28 5l e

Px

M, = ALF,(d — d') + 0.85f; (Bxb — A}) (d _ 7)

AgE, = 0.85f/(Bxb — A5) + AsE,  x =
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il oo Lyt 52y S0 b ojl S5 & by 5l 3o )8 e S0 1 o 5 IS e
FausS dwlo |y (LiYL) y3lg5e cdle Jolas o S coluce (A
Pl (oo ik o jlrs 255 3,SLs 5l (0
f¢ = 25MPa F, = 400MPa
[_\: A 60

As=1000 mm?

480
:: 60
500
Dg (g0 dwloe py Sogo A s> L6 e Jol cdl> o (Al
En 0.003 3 3
X = F, d= —— 00 d=§d=§><540=324mm

Eeu + 3 0.003 + — =

5l Wigd oo 5yl )lid sl Koo LTS 098 ) 955 (o0 drlme ()Li8 slao¥sd (3,8 X 38l 5l ey

X — — 60
! = —x0.003=———0.003 = 0.0024 > 0.002

5T 324

139 (o0 drmlne iVl 08 Colis Jolsd 095 b b g d (oo mebed (5 L23 slaod S
C=T - (BxxDb)0.85f, + As(F, — 0.85f.) = Ag,F,

(0.85 x 324 x 500) x 0.85 x 25 4+ 1000 x (400 — 0.85 x 25) = Ag, X 400

Ay = 8262 mm?

Dy (o0 dle g Oygo & G5 U o (0
—( feu )d—( 0.003 )540—231
* = e, +0.004)“ ~ \0.003 + 0.004 - conmm
5l Nigd oo 5yl L8 sl Koo LTS 955 ) 955 (o0 drlne ()Lid slao¥sd (13,5 X 38l 5l ey
X — 60 231 - 60

& = X X 0.0035 = T0.003 = 0.0022 > 0.002

139 (o0 dmlne S 0 S Cobus Jolad (5093 b Jlo 98 (o0 ks (55Li3 slas Khs
C=T - (BxxDb)0.85f, + As(F, — 0.85f.) = As_maxFy
(0.85 x 231 X 500) X 0.85 x 25 + 1000 x (400 — 0.85 X 25) = Ag_pqx X 400

As_max = 6162 mm?
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f/ = 25MPa F, = 400MPa

As=1000 mm? E 140
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As=9000 mm? 400

N P

500

sl 22
(g (oo el 93 0 A g Ag oS (oo 23
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
5l Wsd oo 6ol b AT 0 (o0 gy 5 0055 arle X bl ) ()l 5 onnS las¥sd (1550 558 S sl

1 (356 —140)
€ =——F—x0.003 =0.00182 < ¢, = 0.002

s 356
WNgh (oo 55z )lad slasVg culplo
(s2iS Glos Ko ol s )l (o) 2
(540 — 356)
& = 35 % 0.003 = 0.00154 < g, = 0.002

gl god (5l ju LaiS slaoYed

FY 5l S g lad 5 oiiS sboo¥ed jo s b X o5 U Gee STl p) 0 sl oo g, (g lad g S slaoYgd ipgn 5,8

398 (o0 dmlne 2j Oy 4 g 39 wals>
(540 — x) (540 —x)
g =——"2%0003 - f=¢eE=600—

X X
r (x — 140) S (x — 140)
£ =———2x0003 - fl=¢E=600—>

N

gl Cass X e ol alolae (yidig by s

C=T - (BxxDb)0.85f. +AL(f, — 0.85F.) = Af,
(x — 140) (540 — x)
(0.85 x x x 500) x 0.85 x 25 + 1000 x 6OOT —0.85%x25)=9000 x 6OOT

x = 333.634 mm

iolee Sewdy (5)La8 5 (2285 SlasYsd (695 X (8L 5l oy
(540 — 333.634)

Ty = Agfy = 9000 X 60— = 3340 kN
T! = AL(f! — 0.85£.) = 1000 x 600(333'634_140) 0.85 x 25 | = 327 kN
s = As(fs = 085/c) = 333.634 B

€ = (Bx X b)0.85f, = (0.85 X 334 x 500) X 0.85 x 25 = 3013 kN

0.85 x 333.6

Mn=T;x(400)+C><<540— 3

) =1330kN.m
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IO T 55 jige pye —V-TA-F
6.3.2 T-beam geometry

6.3.2.1 For nonprestressed T-beams supporting monolithic
or composite slabs, the effective flange width by shall include
the beam web width b,, plus an effective overhanging flange
width in accordance with Table 6.3.2.1, where A 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

Equivalent width for
Effective overhanging flange width, beyond face uniform stress and
Flange location of web same compressive
force as actual stress Actual ext.reme fiber
8k distribution — compressive stress f,
. for infinitely wide flange
Each side of Least of 2
web
£,/8
6h
One side of web Least of* S,./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 0.55,, and an
effective flange width less than or equal to 4b,,.

Ly= = ab31 ailao Jobo

N \‘ tf;O.SbW
b,, §, = 39w 8 Ot S5T alels \ \
3T Aol Liad
29bme o5 Ol U
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A02= t CbE- bw)

ast - L. - <pMn=<pAsFy<d

a>t -  saT - a
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Example:

oo\ YAV

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

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

fi = 28MPq, fr =420 MPa.

L T L * -
<y -
A A
o .
™
ye N
$ - ' —+
1.8m - 1.8m 1.8m |
? ;
75 mm ! H
- A 1.8m A
EI = 3 . =
§_ e - 4 225 I el 4 220 | - 4225
. d L |
300 min tom 300 m tam 300 mm
Solution: . 1500 ,

From the Geometry of T-section:

by, =300mm, h=600mm, t=h, =75mm

A (4 25) = 1963.5 mm?

b, is the smallest of:

L
(a) b, < b, + Z: 300 + — =2050 mm,

(b) b, < b, + 16k, = 300 + 16 - 75 = 1500 mm,

7000

€00

— control

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

Take b, = 1500 mm.

a

Agfy 1963.5 - 420

T 085f'b, 085 -28-1500

=23.1mm < hf =75mm

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

25
d =600—40—10—?= 537.5mm

a 23.1 »
M, = Af, (d _E) = 1963.5 - 420 (537.5 _T) x 1076 = 433.74 KN - m

Check for strain £, = 0.005

a 231

— = —2718
B, 0485 i

c=

d—c
£, = 0.003 (T) = 0.003(

5375 — 27.18
—) = 0.0565 > 0.005 OK

27.18

B, =085

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

M, =M, =09-433.74 =39037KN-m
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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 |
3
632 "
(oNe} (oN@)
! 300 ! 2200 ! 300 !

Solution:

From the Geometry of T-section:

b,, = 300 mm, h =670 mm, t=h; =120mm

A (62 32) = 4825.5 mm?

by, is the smallest of:

L 6000
(a) b, <b, + G- 300 + EVES 800 mm, — control

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

Take b, = 800 mm.
Checkifa > hy

Asf, 48255 -400

4= 085fb, 085 -20-800

=141.93mm > hy = 120 mm

The beam section will be considered as L-section with
b, = 800 mm. | 800 - |
0.85 £ (b — by )hy o |

|?‘
Asz 0.85 - 201(2]00 —300)120 a]: W ////;%

— 2
200 = 2550 mm §
Agy = Ag — Agp = 4825.5 — 2550 = 2275.5 mm? 6232
o Xe;
Aswfy 2275.5 - 400
@=085fb, 085 -20-300 _ /8A47mm 300

A, (62 32) are arranged in two layers

25
d=670—40—10—32—7=575.5mm

M, = Ayf, (d—%) + Aguf, (d—%) =

178.47

120
- [2550 - 400 (575.5 _ T) + 22755 - 400 (575.5 _ )] % 10-6 = 9684 KN -m

Check for strain g, > 0.005

a 17847
=5 =085 = 20996 mm, p, = 0.85
S d, 25 32
dy=d+35+~7 = 5755+~ +— = 604 mm
d,—c 604 — 209.96
g = 0.003( - ) =0.003 (—209_96 ) =

= 0.00563 > 0.005 OK

Take ¢p = 0.9 for flexure as tension-controlled section.
M, = ¢pM, = 0.9-961.65 = 86549 KN -m
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Example:
Compute the positive design moment capacity of the | 600 .l
T-section beam. | |
f; =20 MPa, f, =420 MPa. 2 | |
Solution:
From the Geometry of T-section: 2
O
b, = 200mm, h = 650mm, t = h; =80mm
428
A,(4 28) = 2463 mm? o O__{ %0
Checkifa > hy | OR Ol VY
Af, 2463 - 420 200
= = =101.42 - >
@ =085/'b, 085 -20-600 mm
a=101.42mm > hf =80 mm. The beam section will be considered as T-section.
085 f/(b, — b, )hs 0.85 -20(600 — 200)80
o = e (Be = bhy _ ( )80 _ 12952 mm?
fy 420
Ag, = Ag — Ay = 2463 — 1295.2 = 1167.76 mm?
Aswfy 1167.76 - 420
= = = 144.25
®=085/'b, 085 -20-200 mm
Ag (43 28) are arranged in two layers
30
d =650—40—10—28—?= 557 mm
h’f a
My = Asefy (d—L + Agufy (d _E) =
80 144.25
= [1295.2 -420 (557 — 7) +1167.76 - 420 (557 — )] %X 107 = 519.05 KN -m
Check for strain & = 0.005
_a_1425 . 0003
C_ﬁ1_ 085 - .7 mm, p1=0. |
do=d+o+® 557430, 28 o6
t=aTyT T T 2 Tz o oeemm
— 0003 (% 76) — 0.003 (86— 1697\ _ 5
f=o ( c )_ ' ( 169.7 )_
= 0.00736 > 0.005 0K
Take ¢p = 0.9 for flexure as tension-controlled section. Y

M, = ¢M, = 0.9-519.05 = 467.15KN -m
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Problems in Sl Units

For Problems 2.42 to 2.44, determine the cracking moments for

oo\ YAV

Problem 2.44

the sections shown if £/ = 28 MPa and the modulus of rupture

is f, = 0.7,/f/ with f/ in MPa.
Problem 2.42

520 mm
600 mm

3 #19

kSOmm‘

|<— 350 mm —>|

Problem 2.43 (Ans. 46.30 kKN-m)

420 mm
500 mm

2#25

-

80 mm

l<— 300 mm —~{

Problem 2.46

20 kN/m (including beam weight)

Vs

A
‘"
|

_\_

www.hoseinzadeh.net

|<7 600 mm ——

‘klOO mm
A
320 mm 500 mm
2 #19
o .
1 80 mm \

200 mm |

For Problems 2.45 to 2.47, compute the flexural stresses
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)

4 #29
e o o

530 mm
600 mm

—<—— 350 mm ——]

mm

A4

\ \
420 mm
500
4 #36
e o o o —1
80 mm
<— 300 mm — T

M =130 kNem
n=9

A5l oo ree oS ool Al 5o (oS 5T
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For Problems 2.48 to 2.55, compute M, values.

Problem b (mm) d (mm) Bars f! (MPa) 5 (MPa) Ans,
No.
2.48 300 600 3 #36 35 350 —
249 320 600 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
h
f,=420 MPa
Ji=24MPa
460 mm
600 mm
6 #25
° ° . —[—
! 70 mm
™ ° ™ O w—
70 mm
l—— 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 =28 MPa
T ﬁ =350 MPa
2 #36
° °
70 mm ¥
| 250 mm
Problem 2.55 (Ans. 689.7 kN-m)
|~ 800 mm -
80 mm £,=300 MPa
Y )
f/=28 MPa
300 mm
560 mm
6 #36
o o @ ‘u
¥ 100 mm
o o o
\ 80 mm

www.hoseinzadeh.net q- Al oo Egian OLS pl Cllas 5l g lo (oS aisS o
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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 wr = 25 KN/m
including bar sizes, arrangements, and spacing. Assume con- % A D 71
crete weighs 23.5 kN/m®. f, = 420 MPa and f; = 28 MPa. ;E 8
_1
l«——6m—>f—6m—| P =2/
- 12m
Problem 4.34 Problem 4.36
wp = 20 kN/m wp = 26 kN/m
wy, = 12kN/m % wy, = 20 kKN/m
1 L
P=5Pp %
|
} 10m = l >m "
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 = 30 kN/m, w; = 20 kN/m
K A
}‘3m l 12m l-— 3m—|

Problem 4.38

Pr =60 kN
wp=06kN/m /
wy =10 kN/m Z

o
v
I
_ 1
P—ipb

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/m>. f/ = 28 MPa and
f, = 420 MPa. Use p = p_ .. (One ans. 240-mm slab
with #25 @ 140-mm main steel)

/gMMZZM%

N §m al
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a) Initiation of flexural cracks
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b) Growth of flexural cracks and formation of flexure shear

and web shear cracks.

NN
TS LYNII

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

¢) Cracks before failure
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Span

=1

| (in) (mm) d

] 354 0.90 1.0
2 413 1.15 15
3 57.0 1.45 20
4 66.9 .70 25
5
6

T I

126in 10.6in
(320 mm) (270 mm)

| |- o =
75l

(190 mm)

76.7 1.95 30
925 235 4.0
n 1121 1.10 50
8n 1419 360 60
4 101 185.2 470 8.0
an 2282 5.80 7.0

-r“i_‘ e ﬂ'-___'h-—1

. 1 w
i s e S W W Wl S <l

FIGURE 7.29 Damage at fathire m senes of 1ests on beams without transverse remforcement. (Afrer Leonhardr, 1962)
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(weightless)

-

w.:)‘d éLa.o wsl.o.c e )‘

Vdx = d(M)

o, 398 abaly o M =TZ )35 |,
Vdx = d(T X Z) - Vdx =d(T) X Z+d(Z) xT
3 2l o 5 3,Skae by Gy JU p3lSe sazns oL 358 alal, 53 sl o5 Spen LSS i3 53 Gy 59 4 Ui a3 358 Al

2l (oo (owgd 0 Shee b A p Jll eases (lis 55 pgs e

(Beam action) .5 o ,Slec L 5, Jls
el ely 5 0 aalys A(Z) = 0 ke el ol j3 sl ool 5 Jsb 5o (Z) S saik ke 035 58
- Vdx = d(T)Z

S Axgs pj a4

Vdx = d(T) X Z
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{a) Beamn action

aA

(b) Arch action
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22.5.5 V. for nonprestressed members without axial force

22.5.5.1 For nonprestressed members without axial force,
V. shall be calculated by:

V., =017\fb,d (22.5.5.1)

unless a more detailed calculation 1s made in accordance
with Table 22.5.5.1.

bf
S—r
d h d h
[ I ) ® O
b b

1§97 )L b glacl sl (o (hn Conglie o, alal,
22.5.6 V. for nonprestressed members with axial
compression

22.5.6.1 For nonprestressed members with axial compres-
sion, V. shall be calculated by:

Nu
144,

VC=O.17£1+ ]M/Z’bwd (22.5.6.1)

unless a more detailed calculation 1s made in accordance
with Table 22.5.6.1, where N, 1s positive for compression.

183970 S b glac! sl oxu 2By Cwglie alal,

22.5.7 V. for nonprestressed members with significant
axial tension

22.5.7.1 For nonprestressed members with significant
axial tension, V. shall be calculated by:

Nll
3.54,

4 =0_17(1+ Jk\/f’bwd (2257.1)

where N, is negative for tension, and V, shall not be less
than zero.
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Table 22.5.5.1—Detailed method for calculating V.

Vc
11
( V.d )b d (a)
Least of (a), (b), e
and (c): (0.16A\ £ +17p,)b,d (b)
0.29%/f7b,d ©

[1IM, occurs simultancously with ¥, at the section considered.

1S90 HLid b glacl (ol o (cbpy Cuoglie @80 abal,
Table 22.5.6.1—Detailed method for calculating
V. for nonprestressed members with axial

compression
Ve
n]
; v.d
0.16A/f +17p, @) bd
M, —N,~——~
8 (a)
Lesser
of (a
and (E))) Equation not applicable if M, — N, (4h8 d)
0.291/fb,d /1 029N, (b)
g

1M, occurs simultaneously with ¥, at the section considered.
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1.40 (¥ - 1.30 (¥ 1.20 (v 1.10 (\
Yoaus
(e abayl,
V. = 90.17 x V25 x 300 x 500 = 0.6375 X bd = 95625 N = 95.6 kN
1B alal,
hd _300x05_ hd _
—=———=1. - — =
M, 100 M,

_ 4x3.14x12.52
b Pw = "7300 x 500
e (0.16@ +17p, 131_) X 300 x 500 = 0.75 x (0.8 + 17 % 0.013 x 1) X 300 x 500 = 115 kN
VC_&EQ = Min u
¢(0.29 x V25) x 300 x 500 = 0.75 x (1.45) x 300 X 500 = 163 kN

= 0.013

115
95.6
Table 22.5.5.1—Detailed method for calculating V.
Ve
d 1]
(0.16xJ7;+17pw L )bwd (a)
Least of (a), (b), -

and (c): (0.16L/f +17p,)b,d b)
0.291\/f75,d ©

[, occurs simultancously with ¥, at the section considered.
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22.5.10.5.3 ¥V, for shear reinforcement in 22.5.10.5.1 shall S
be calculated by: ~

& & d
AL e |

V.

s

S

D5 (o0 dule pj Oygo & hle poye slo,gls,| (s @ Ceoglio

22.5.10.5.4 V for shear reinforcement in 22.5.10.5.2 shall S
be calculated by: ——
N
NN

v A,f,(sina+coso)d

s

(22.5.10.5.4)
A

158 (o0 demle ) Ojgo 4 0ul 03 (Job slas Kle (o5 Cuaglie
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 A4,, all bent
the same distance from the support, V; shall be the lesser of

(a) and (b):
(a) Vs = 4,f,sina (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.

www .hoseinzadeh.net Vv A3l oo faiane OLS ol Llas 5l glop S 465 2



o R YAy

g dals ose gloysile)] 5 o (b Caaglie ggazme ply glakie JS oy Coaglis
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:

Vo=V, + V, (22.5.1.1)

A0 Slewlxs
3 SaoldS 4y 5 IS0 50 o s0ls O lry0 o ks pglic oy 584 jlado-TA
P11k 8340 Lacigals 3V g 9 Jpane £ 31 9 C25 () Toum! [0y 3y polie

400 mm

,Mf‘_“"i]_so (39 S j0 oyt Coogliin (ramsi 30 (5590 Jhid g o
ram
- 247 kN (A
§ TLOL1L00 mm 291 kN (Y
T106200 mm
363 kN (v
1 thomm 385 kN (f

ACI318-14 Lol >
oV = oV + @l
@V, = 0.75 x (0.17 x \/f/bd)

d
oV, = 0.75 (;Avat>

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

V. = 0.75 (440( ><52)><340)+075 (440(2 ><52)><340)—220kN
P =02 \500 " 2 \100 " =

oV, = oV, + @V, = 112.2 + 220 = 332 kN
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Jo =300kg/cm® 4 f, =3000kg / cm?

Ngdmp

V =340
V,=455 (¢

PV = Ve + Vs
@V, = 0.75 x (0.17 x \/f/bd)
d d
oV, = 0.75 (;Avat> (sin 60 + cos 60) + 0.75 (;Avat)
@V, = 0.75 x (0.17 x /30 x 350 x 500) = 122.2 kN

V.= 0.75 (500(2 ><52)><300) \/§+1 +0.75 (500(2 ><52)><300)—101kN
P¥s = V79 250 " 2 T2) TV 250" -

oV, = V. + @V, = 122.2 + 101 = 222 kN = 22 ton
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505 (¥ 498 (Y 436 (Y 416 (M
T10@200 2320 1_3_O°_,I
bV rd 2620
~

l \ L/ ! 530

/ 10@ 200
A\
X 70

— ~ 7 ! 4325
2%25

(R sy Ceeglie

oV, = 0.75 % (0.17 x \/f/bd)

V. = 0.75 (dA F >+M. { 0.75 (A,F, ) sin 45
= U = in
PVs S Aol 0.75 % (0.25 x \/f/b,,d)

@V, = 0.75 x (0.17 x V25 x 300 x 530) = 101.4 kN
0.75 ((2 x 3.14 x 12.5%) x 400) sin 45

530
V; = 0.75 (— 2 X 3.14 X 5%) x 400) + Min{
s 200" ) 0.75 x (0.25 x V25 x 300 x 530)

{ oV, = 101.4 kN
_ . (208.1kN _
@V, = 1248 kN + Min | ao en = 27381

Vo=V .+ Vs +0oVs=101.4+273.8 =375.2 kN
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Lyt 530 g canund WU &y 0 o (5185970051 42915 oRanlin 400 4 iy Zhaile (42 ) 1 2aalun 60G
il ) oyt diiantin Cangliie JA0MP, b pilps YU & 00 o3 (5o 397101 duashiio Cuaglite cdorys 45
e Ay el J iy 4 Vg gV ol 12 mm 4yl Vb 4 aid o5 5gite,] jB g 25MF, 4

:L}d:lx‘ﬂ
138 KN, 44 KN (¥ 23KN , 144KN ¢
216 KN ,0.6 KN (f 23KN ,54 KN (t

ACI-318-14 Ll 5
oV, = 0.75 x (0.17 x \/f/bd)
0.75 (A, F, ) sin 45

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 6%) x 340) sin 45 = 20.4 kN
oV, = Min
0.75 x (0.25 x V25 x 400 x 600) = 225 kN

oV, = Min{

= 20.4 kN

lJ.:D:Ab LLJJ&J.I.L.A“JJJL‘LL:.:' UJTb:JJ:I\.{iL’:JJ. |_§_,1.1§le9- ‘51)1 (B) J(A) CJ.LJ)-"
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7.4.3 Factored shear

7.4.3.1 For slabs built integrally with supports, ¥V, 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 d 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 ¥, 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

(AR I EEEEERR) (XX

Cr:ii_calg_i 1P |‘L'

|

|| £ Y
d J 1/Gritical section

N Yy, \ w

\, »

< 0Bk &0 oy Sl o abade

- e
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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 shear reinforcement shall
be in accordance with Table 9.7.6.2.2.
Table 9.7.6.2.2—Maximum spacing of shear
reinforcement
Maximum s, mm
Nonprestressed Prestressed
V, beam beam
- S<d/2,600 mm
<033,/f’b,d | Lesserof: a7 00 S ~
dl4 | 3h/8 T *’Id
> 0.33\/Z'bwd Lesser of: 300
9.7.6.2.3 Inclined stirrups and longitudinal bars bent to ,§’ < d/4, 300 mm

act as shear reinforcement shall be spaced so that every
45-degree line, extending d/2 toward the reaction from mid- e ald
depth of member to longitudinal tension reinforcement, shall

be crossed by at least one line of shear reinforcement.
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CHAPTER 9—BEAMS

9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum area of shear reinforcement, A, i,
shall be provided in all regions where V, > 0.5¢ V. except
for the cases in Table 9.6.3.1. For these cases, at least A, i»
shall be provided where V, > ¢ V..

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

0.5V, < 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 Znsd 600 mm
26.4.1.5.1(a), 26.42.2(d), and 26.125.1(a v
andwithff’)540 MPa( ) © V. S¢0'17\/7”b‘”d
One-way joist system In accordance with 9.8

9.6.3.3 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 9.6.3.3.

Table 9.6.3.3—Required A, nin

Beam type Ay minls

(4 bw

Nonprestressed 0.062, /. f_ (a)

and prestressed g

. Greater of*

with A, < b

0.4(Apfi + A 0357 (b)
yt
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CHAPTER 22—SECTIONAL STRENGTH
22.5—0ne-way shear strength
22.5.1 General

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

Vo=V, + ¥, (22.5.1.1)

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

V, < oV, +0.66,/18,d) (22.5.12)
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A Slolxe

PP 5 palie ) SelaS ds gl 0 iy R 1 P Coge d &5 ) 8 glaile pylis Dy 598 VF
(v =400 MPa , £. =22.5 MPa) Sl

=—30cm—

é — V, =390 kN (3

T‘ V,=373 kN (v
o ;'_:_612@80mm X,_:_:Z(; g (v

L o !
v 6 |-

!

PV = @V + ¢V
d
= 0.75 % (0.17 x /f/bd) + 0.75 (;Avat)

340
=0.75 % (0.17 x V22.5 X 300 x 340) + 0.75 (E (21 X 62) X 400)
= 61.688 kN + 288.25 kN = 350 kN

N — Slewlors
(f¢=\’aMPa fy=\"ooMPa)?mlkNQ.,,q,),géun,.,mgaﬁa,g -1
Vay ()
Mmnyl e o A YAV (Y
Yig(r
Y44 (f

300 mm = (010at100 mm
» D8at150mm

S0mm

. 400 mm

Ag1o = 78.5 mm?
Apg = 50.24 mm?

V. = 0.17 x V25(400 x 350) = 119 kN
V,=354kN - @V, =265kN

785x2 50.24 X 2
Sz( TR )x350x300=235k1v
il Sgels S
A, 2x314x5%2 2x3.14x4? _by, b,
<? = 100 + 50 = 2.24> > Max (0.062 f: F—y = 0.4, 0.35F—y = 0.46) 0K
Sl oy Caeglie JyuS

V, < (V. +0.66\/f.b,,d) = 0.75(119000 + 0.66v25 x 400 x 350) = 436 kN 0K

o Sgals alols s
d 350
V, = 235 kN £ 0.33,/f.b,d =231 s< 2= =875mm
L ol pl adaie jlxe Canglie 22STam cplply Canl jlxe Jlade 5 i b Sgels Jolgd
oV, = (V. + Vi) = (119 + 231) = 262.5 kN
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A 8 ol e slo5 )00
Yoans
(Ap)a = 2mr? + 2mr? sin45 = 3.4mr?
(Ay)p = 3mr?
Y sl

2 Sl Sy (55105 Cg0ls Juolgh 9 ()5 9 o U sgite)l Sl olal (V) 9 (1) ae)l (o3 alade 90 0 WP
ool 00 03liiw! JSB illae (gt p0 i Sigals 90 31 (V) ahaie 5O 9 (o030 G igols S 51 (1) adaie
odd cyaali By Canglie @y (V) adaio 40 (VS) pbye W yeile,T tawgi oud cpaali oy Ceoglin Conui
Sl plas I5ga> (1) alaie 30 (56 s ygite ] baugs

7S

LY (F

v

(A,), = 2mr? + 2nr?sin45 = 2nr? x 1.7
(A,), = 2mr?

slo,0tle)] 51 o £, =400 MPa g f.=25MPa 5 d=40 cm « b=25 cm o 00 0 -1
s gt alaie pylie o3y (Sape8 Bl sad eolitd K& Bl 7 yeone st dgee Ghin
sl S35 dia 38 WS dg o TgaisleS

o 385 ()
—— 400 (¥
& 10€100mm 350 (¥
*]
| 420 ¢f
L ¢\ o
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1.75 (¢ 1.50 (v 1.33 (v 1.25 (A
Yoy
V=V.+V (m1=%+%=0'5$+[§=1'55 - (VT)”—i—133
T 0D =Y+ =05 + oV, =21, W), 15 7
A Sleslxs
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ERERERER (1 SAAN\

V- (Y

45 P VP (F
(2

fass

Sin45 + Cos45 = 1.41
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P
7 <Ve=50kN - P<100kN
b el gl (K3 3L Cnlpl 9 090 wlss V= SV = 250 KNl iSTas 55 (o8 Conglie oo I g

P
E<250kN - P < 500kN

(hiub&iiwtu!ﬁ):ﬁlguaﬂb;ﬁj‘_}&:)a SR FYVLt .‘.)L:.;chi.u_,.l)}, PLIRCRP A

(AP sT ohyac casles)
; f=YAMpa Y40/% KN (A
fyT e kN
YAY/Y Y
¥, By @ mm C/IC / (
gA@Y: mm CC \$#/% kN (¥
e : YAS/A KN (¥
o

Gyo P8@200 _55e ,5le] 5l asly ohy Comslie dmlne 4o lply s wil o d/2=340/2=170 mm .5 o b Sgels alols 2Slas

o9 Lo
340 ,
OV, = @V, + @V, = 0.75><0.17><\/28><350><340+0.75><F><2><n><5 x 300

= 80.2 + 80.07 = 160 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.

v v v g‘
? ? Sy
/ 55m /
4 4 | 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 = I 242 KN,
i wyl 40-55
V. at midspan = T: 8 =275KN,

w,; =40KN/m

IERERRREREN
wyp =48 KN/m
IR NN EEEEENEN

A 2

55m

242 KN Critical section at d from the face of

support

275KN

-—Jd=260mm

275 m

X

242 KN

Critical section at d = 260 mm from the face of
support.
V, atd = 260 mm.

242 — 275 y
- = d|= 260 zr‘m
2.75 75 oz6 Y= 19422KN

V, =y +275=194.22 4+ 275 = 221.72 KN 275m

I ¥

1 1
=z \/Ebwd:g-l-\lﬁ-looo-zeo-1o-3:216.67KN.

Check for section dimensions:

A V_221.7z
¢ ° 075

—216.67 = 79 KN.

2 2
Vomax = gﬁbwd = 5@ -1000- 260 - 103 = 866.67 KN
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V; =79 KN <V pax = 866.67 KN — the section is large enough.

Check for Vs pmin:

Apmin = l 1! bw_s but not less than
’ 16 )

Aymin = EM — control (i E= > < })
’ 3 fn 16 16 3

1 1
Vimin = gV febwd = Exlzs- 1000 - 260- 10~ = 81.25 KN

1 1
Vimin =3 bwd =1000-260- 10 =86.67KN  — control

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

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

Avmin 1 bw Avm.in 1 bw
— == but not lessthan —— = ——
S T J & T ut not less < 3%,
Apmin 1 1000
——— = —+/25—— =0.7585
s 16 412
Apmin 11000
S = 5 X m = 0.80906 — control
Use stirrups 2U-shape {4-leg stirrups} & 8 mm with 4, = 4-50.27 = 201.1 mm?
2011
rE 0.80906 = s=2486mm
d 260
Smax < 600 mm, SMSEZTZBOmm—contml

Take 2U-shape {4-leg stirrups) & 8@125mm < s, = 130 mm

& 8@125 mm

& 8@125 mm

26 cm

7~

J8@125 mm
100 cm
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9.9—Deep beams
9.9.1 General

9.9.1.1 Decp becams arc members that arc loaded on onc
face and supported on the opposite face such that strut-like
compression e¢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 A

(b) Concentrated loads exist within a distance 24 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.

Avh“ ) Av L )
B sy seilesT L B 5 3ailesT ‘ o (S yailoyT

b B b seilesT

Shi e @B (B oglesT
-~ = ’S—" = e él.k)j}"l.o;T
n .
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led ©85 pj )l 4

OM,, = pAF,Z

M, = AF,Z

My, = As(1.25 X E,)Z

e g oo O, ue o il 38, Vb o ge ob ) sla 1,8y i8S (S o il Sl eudd S g0l 125 ol cde

A3l ol el lade 1 s 0 Kl oaBlg puded 15 el (S

www .hoseinzadeh.net \YY il oo faiae OLS ol Llae 5l glop S 465 0



Wy (6l 05, Laslgus) YA
Y Slewlbw
2 (Bix) )L 4ol o ool palin (huns S dmlno 50 doyTony i Sy -FY
S inaS 9iloyT gedanw 35 50 U (g LS HU o3 57 590 aliold d 4 Consl ool ey 0.22d
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T340 wdlgs i

1.10 (¥ 1.16 (¥ 1.21 (v 1.25 ()

Y oauS

O£ (BxD)
af, }(Bxb) le ?

d-3-
— PAE )
As(F d) e

As(F)
=———22__=0.22d
(b)(0.85f)
0.22d
d Mn = ASFyZ = AsFy (d - T) = AsFy(089d)

ruloe oy ) Al 5l cded Conglie ais 45 g BXade M Jeie sied Cnglie drlre
As(1.25F

y
a=px=_——""t=125x0.22d = 0.275d
P = ) @ssh)
0.275d
- My, = A;(1.25F,)Z = A;1.25F, (d -— ) = AsF,(1.0781d)
M, 1.0781
2= =1.21
M, 089

A M‘P OQLM‘M)Q)‘ (w‘ o..\.n] G LSLQA...‘)J AS)GWADMJJO wLw‘).'u,u).) L_?‘).lo 0)15.0)0 L
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18.4—Intermediate moment frames
18.4.1 Scope

18.4.1.1 This section shall apply to intermediatc moment
frames including two-way slabs without beams forming part

of the scismic-force-resisting system.

1842

18.4.2.3 ¢V, shall be at least the lesser of (a) and (b):

(a) The sum of the shear associated with development of
nominal moment strengths of the beam at each restrained
end of the clear span due to reverse curvature bending and
the shear calculated for factored gravity loads

(b) The maximum shear obtained from design load
combinations that include E, with E taken as twice that
prescribed by the general building code

18.4.3.1 ¢V, shall be at least the lesser of (a) and (b):

(a) The shear associated with development of nominal
moment strengths of the column at each restrained end of
the unsupported length due to reverse curvature bending.
Column flexural strength shall be calculated for the factored
axial force, consistent with the direction of the lateral
forces considered, resulting in the highest flexural strength
(b) The maximum shear obtained from factored load
combinations that include E, with ,E substituted for E

The factored axial force P, should be chosen to develop
the largest moment strength of the column within the range
of design axial forces. Provision 18.4.3.1(b) for columns is
similar to 18.4.2.3(b) for beams except it bases ¥V, on load
combinations including the carthquake effect E, with E
increased by the overstrength factor €, rather than the factor
2.0. In ASCE/SEI 7, , = 3.0 for intermediatc moment
frames. The higher factor for columns relative to beams is
because of greater concerns about shear failures in columns.

(VD olpac gunsiga)
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Beam shear

_ My + My, + wy ln
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/_shear

Ly

—

Mnp * P, \ v, = Mn¢ + Mpnp

Ly

Fig. R21.3.3—Design shears for intermediate moment frames.
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18.6—Beams of special moment frames
18.6.5 Shear strength

18.6.5.1 Design forces—The design shear force ¥, shall be
calculated from consideration of the forces on the portion of
the beam between faces of the joints. It shall be assumed that
moments of opposite sign corresponding to probable flex-
ural strength, M,,, act at the joint faces and that the beam is
loaded with the factored tributary gravity load along its span.

Ly
w, =1.2D+1.0L+0.28

oo L

b
[
Ver
A: pr1 + Mpr2
2
P
a8 Mp,3
Vea Column
shear
4y
1 _1/94
~—
Mora \ Mors + M
iP" Ves s = —pr3 ~ Tprd 7 prd
u
Fig. R21.5.4—Design shears for beams and columns.
www.hoseinzadeh.net 1Y4
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Because the actual yield strength of the longitudinal
reinforcement may exceed the specified yield strength and
because strain hardening of the reinforcement is likely to
take place at a joint subjected to large rotations, required
shear strengths arc determined using a stress of at least
1.25f; in the longitudinal reinforcement.

Notes on Fig. R21.5.4:

1. Direction of shear force V, depends on relative magnitudes
of gravity loads and shear generated by end moments.

2. End moments M, 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
counter-clockwise).

3. End moment Mp, for columns need not be greater than
moments generated by the Mp,, of the beams framing into
the beam-column joints. V, should not be less than that
required by analysis of the structure.
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18.7.6.2 Transverse reinforcement

18.7.6.2.1 Transverse reinforcement over the lengths £,
given in 18.7.5.1, shall be designed to resist shear assuming
V. =0 when both (a) and (b) occur:

(a) The earthquake-induced shear force, calculated in
accordance with 18.7.6.1, is at least one-half of the
maximum required shear strength within £,.

(b) The factored axial compressive force P, including
earthquake effects is less than A,f.'/20.

U bl
SIS b laiilo K o B-B g A-A glolie 3 397 g0 pal plend (5l 53 45 7 90 53 &
alaie 33 ol phuod (SLBSK L Jlnah (pdyt Say AT DL g5 grolie iy dawgie
F5405 0§ polie 31 SaslaS & i bl Zlolio 50 iy (sla Juake JuSid 5 40 LB-B
(gt hid o a3 (339 9 55 (593 b 31 9 Wiilign g 39 BB g A-A plolia) ficuul

M,=150 kKN.m
6m - M} =60 kN.m
PN S
| ‘,A 8 M5=120 kN.m
. i 1L M}= 66 kN.m
4 Il 1
| ‘A B! '
_.._.,.J\‘.—_
45(¥ 36(Y 30(Y 21 ¢
Yoans
M; +Mj 150 + 66
V=—t—=———=36kN
Mf+Mg; 60+ 120
=~ =———=30kN
V = Max(V,,V,) = 36 KN
F olewlbw

S5 50 7.2 ol5T ailed Jaloas 05 (5 eSS b oyl p3s (puas B 51 pd Sy 50 1Y
9o 9 009s + 640 KN.m g — 800 kKN.m 9 s Lyl g0 31 SOy 30 Josme pglio ( inos
2t (W35 90an 50 5l il g b) Jlom o S sl Jol> g 5 5 2led oo
Wb kN oy 28 (o5 S99 43 1 1ga Ll 99 0 5o adade (bl 160 KN
fogd =1 )b

230 (f 290 (¥ : 360 (Y 410 ()

Voans
Myr_tere + Mpr_rigen 640 + 800

W, = 75 +160=T+160=360kN.m
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M, =117 kN.m
2M, 2 x117

W= e T e

= 50.87 kN
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oty oLITUaST K103 33 w3Y S9als wdgRy D9dgn 2l S5 S NISH syt 38 Senet Vg =80T gy por w30 alyfj plin
f. =200kg/cm? , f, = 4000kg / cm® |

d=50cm fcuw! ojlodt
D=4T/m
St

-t Ay =1.35cm* /12.5¢m
—fa. 124 T L .

. v 4, =180cm* /125 (v
L}

Ty 4, =210em* 1125 v

} A, =2.55cm* 1125

b

A :
As_por = 4m x 122 = 1808.64 mm?
Ag_rop = 6m 122 = 2712.96 mm?

My, = As_por(1.25F,)Z = (1808.64)(1.25 x 400) x (0.9d) = 406944000 N.mm = 406.9 kN.m
M

or— = As_top(1.25F,)Z = (2712.96)(1.25 x 400) X (0.9d) = 610.416 kN.m
_610+410+(1.2x40+20)><6
v 6 2
A,
@ (VC + ?dFy) > 374000 -

0.17 x v20 x 400 x 500 + 4y x 500 x 400 > 374000
' 125 0.75

=374 kN

A, = 216 mm? @125mm

0 o Ao 5l g0 A5 bosle Judou a4y bog e By b g Jawgie (5 pdy JS S
_ (1.2qp +qL (1.2 X 40 + 20) X 6

,=—+QE) = + (2 x 80) = 364 kN
V, = Min 2 2
u 488 + 328 (1.2x40+20) %6
7 = + = 340 kN
6 2
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'1/ Mp at any section \I‘
Mn, ¢ M 1
\
| i 5
!
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N, W w
N M, at any section nr
— " ¢

175 51 aS auls (g ol yaw 0 Sl Colano ol aisls aslol alaio yuly g YU 5o (gl s 0, 8e g0 Blas b bawgso (63989 S0 o
wob Slod axg o 0 iSlas coluw

18.4.2 Beams

18.4.2.1 Beams shall have at least two continuous bars
at both top and bottom faces. Continuous bottom bars shall
have area not less than one-fourth the maximum area of
bottom bars along the span. These bars shall be anchored to
develop f, in tension at the face of support.

ML: d.}ayfo o8 c\..i) ;Q-h-ﬂ fﬁu“’ ).iJ 1/3 )"J" J.B‘J.?- J.:L: (MT-I{.—,T 9 MT-{-,I) Cdo ).i.J o c.‘aA.o ;w.4.> > uAﬁLﬂA Ja.w,.’&o ‘5).?;\.2' l&& B
il 5 Gl 90 40 sied Cesglie iSTas 175 ply Blas 15 caie b g Cudte siad Cenglie b 3 Job 40 pien
nr

3
n,l

18.4.2.2 The positive moment strength at the face of the Mz,
joint shall be at least one-third the negative moment strength . My,
provided at that face of the joint. Neither the negative nor the moo3
positive moment strength at any section along the length of M;F > Max (Mnr My, )
the beam shall be less than one-fifth the maximum moment 57 5

. . . . M. M,
strength provided at the face of either joint. M; > Max ( g = ; x )

18.6—Beams of special moment frames

18.6.3 Longitudinal reinforcement

18.6.3.1 Beams shall have at least two continuous bars at
both top and bottom faces. At any section, for top as well
as for bottom reinforcement, the amount of reinforcement
shall be at least that required by 9.6.1.2 and the reinforce-
ment ratio p shall not exceed 0.025.

18.6.3.2 Positive moment strength at joint face shall be at M, > My
least one-half the negative moment strength provided at that 2
face of the joint. Both the negative and the positive moment My, > ; :
strength at any section along member length shall be at least Mn r M
one-fourth the maximum moment strength provided at face 4’ 4 )
of either joint. My, My,
4 4 )

Mt > Max(

My > Max(
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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 22 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

(£33 | g4, (st 25t 59

24dy (w5 55 ) ;
78 il -
¢ L m

o

|~

< =l <

T—@—is 50 mm __\I\I
2h s<di4 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

AR Slowlxa

L Job glnayShio 4110 9 ashie Vo v SS3e pU5 )| U Jaswgle (g i S b (5% 07 St 2w oy -1
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S < Min (T'S 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:

{(a) Over a length equal to twice the beam depth measured
from the face of the supporting column toward midspan,
at both ends of the beam

{b) Over lengths equal to twice the beam depth on both
sides of a section where flexural yielding is likely to occur
as a result of lateral displacements beyond the elastic
range of behavior.

A Sl 4l

2h, —»

A
¥

g s, Jsb slos Sl il jlee 3,50 ;0 ACT Lalss

reinforcing bars closest to the tension and compression faces
shall have lateral support in accordance with 25.7.2.3 and
25.7.2.4. The spacing of transversely supported fle 1
reinforcing bars shall not exceed 350 mm. Skin reinforge-
ment required by 9.7.2.3 need not be laterally supported.

\/

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and 1
(®):

(a) Every comer and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
mof 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

25,5kl bwg Gl 50 (o w25 Job slas s (Slmu (219 w5 slekl 99 )0 bawgie Lo s IS 5 oy slays 0 @
Ky Bgels Sy oo ol A2l (6 plyes Job 0,5La O L 5 Loz 51 Jlie sl (g Jobo 5,Shee ale) Wiod oo

g aslgs p3Y 5 Sl Gl SO ¢ Sgal

3 b JBla=500mm (oo b 5 SO gl Moo s 5 pas bl 350 mm 5l i wuls 5 (6 el ps 0,50 90 o alold 2STa> @
Sgad ookl (6 sl jus 0 Ko 90 51 e ey (2400 MM 550 a5 (6,5 gl (g 09ad jshaie Job o Ko
e g0 i |y g Gl 4l o by (Jsb sl ysiley] (il e 5l sl aiges 5 S

Where slab is on both Where slab is Where there is no slab, or slab
sides 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 mm}) \ —l
ks o /» i . - -

(a) (b}
Notes:

{c) (d)

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 crosstie with no bar farther than 6 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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Tvoe of Ordinary Intermediate Special
c‘,’f;” Moment Resisting Moment Resisting Moment Resisting
Desian Frames Frames Frames
9" (Non-Seismic) (Seismic) (Seismic)
Beam Min. Moment Override Check
No Requirement ¥ 1 + 1 _
Myend 2 ;Muend Myend 2 ;Muend
+ + + 1 + -
M yspan meax{Mu,Mu M yspan szax{Mu,Mu }m1
_ 1 + _ 1 -
Mm_l ngax{Mu,Mu} Myspan szax{Mu,Mu }end
- 296.15 - 296.15
end _ =59.23kN.m —24— = 98.717 kN.m
5 5 3
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n = =
@bd? — 0.9 x 450 x (500 — 60)2 _ L 2% 3.777
1- [1—-=——|=0.010475
E, 400 862 ~ 1882 0.85 x 25
m= = = .
0.85f, 0.85 X 25 J
ARPTRIGRE _ o bd = 2074.13 mm?

o o Mu __ 18900x10°

n — - = 4.

@bd? ~ 0.9 X 450 X (500 — 60)2 1 2 x 241

= ——1- [1-=22 | = 0.006413

E, 00 _ oo P 1882 0.85 x 25

m= = = .
0.85f,  0.85 x 25 J

APOTTRIGRE _ ) bd = 1269.83 mm?

M, 276.72 x 10

fn = ohd? =09 x 450 x (500—60)7 0| _ 1 Lo |p_2x3529) oo
F, 400 P = 1882 085x25)
m = = = 18.82

0.85f, 0.85x25 )
ALPTEEIE = b % bd = 1922.69 mm?

M, 189.95 x 10°

R, = = ' = 2.422‘
obd? ~ 0.9 x 450 x (500 — 60)2 1 | 2x2422)
E, 400 P =1gez\ 17 |1 Togsx 25 | T 0006448
m = = — 18.82

0.85f. 0.85 x 25

APOtTLeTt — 5 bd = 1276.65 mm?
Sl gileyl g o jgibe,l s
14 25
Pmin = Max <M’4 x 400) = 00035

25 3
pmax_085x81><mx7_0019

el ool a5 B ps (g lad 0Yg 13U 5l §g8 Slawle o
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Wi g 0550 Lulgus) YA

awgio G pdy JSG L ley) ulgs wlol p 5 >k (b p asle
b oo 2 Do @ ()l sl S (05 jslate L) Lesl g0 pglie (sla S polie

M-Left-Negative 309.38541 kN.m

M-Left-Positive 210.93597 kN.m
M-Right- Negative 332.2184 kN.m
M-Right- Positive 209.88925 kN.m

555 oo sl 35 Oz 4 18.4.2.3(8) iy ek L3 e «(q1=3.8638 KN/m qp=18.1365 KN/m) oui; 5 03,0 1l 4 a>55 b

w, =12D+1.0L+0.28

kN "o HHHHM",
q=12D+L =1.2x18.1365 + 3.8638 = 25.6276F (\ t
309.4 +209.9 25.6276 x (5.9 — 0.5) Yo Seam shear "w
VLeft—capacity = 59_05 + > = 165.35 kN
v 332.2+210.9 N 25.6276 x (5.9 — 0.5) 169.8 kN
Right— ity = = .

tght—capacity 59—0.5 2 ot

139 oo dwlite ) g0 4 18.4.2.3 (b) an 3ub i laie (qL=3.8638 kKN/m qD—18.1365 kN/m) 05} 9 0350 ;b 4 g3 L
VLeft—with 2E = 1-ZVD + VL - (ZVE) = —235 $UJ . ({TTﬂ % = (ﬂ/ﬂa
VRight-with 2 = 1.2Vp +V;, + (2Vg) = 239.94 ¥ V.dead 7 Vaive

VLeft—max = Min(VLeft—with 2E) VLeft—capacity) = 165.35 kN
VRight—max = Min(VRight—with 2E» VRight—capacity) = 169.8 kN

84.144

111 3

V-Ex V-Ey

1698 kN (5 p olul 2 Lol 55 58 50 (s oo ) b Dgals (>l ails m b (005 Sl 13 slecil 99 )0 (o polie &Sl 4 a5 L
oy sl
V=0 + 1)
169.8 = 0.75(0.17V25 x 450 x 440) + 0.75 (% X 440 X 300) - % = 0.44

A, 0.35b 0.062v25b 0.35 x 450
( ) = Max =
min

3 FE, '~ FE 300 - 0025

S y y

L ol il (D8 il o gals s g D22 Jsb slos Shoo a8l 5,8 L) b Sogals alols iSTos

1440
Smax = Min [T'S X 22,24 X 8, 300] =110 mm

P Loy sales Ay, = 525mm? il b Sgels sl p3¥ Colus Oygo opl 48 weniS oo ol 100mm iy 1 b Sgels folgd
il 0 578 mMm il Dgels (gl Slawle el (Dgels ain adl> S

el 00 B DB )y b ogals hab Al 4 4z g3 b sl o d/22220mm oo Sheo Jolsd iSTas ls (sla o ;o
<2 X 3.14 x 42

S > =0525 -» s=191mm - Use P8 @150mm
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b i gl 05, Lulgud) YAV
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0 2y Dyge il L25Fy ol o Sl pudad iis aS01 (08 b o((6,Lid slboo She (40,5 jokaie L) Ll 90 polae sla, 5 j0lan

M-Left-top 381.45961
M-Left-bot 259.6998
M-Right-top 409.43229
M-Right-Bot 258.38791

55 oo dpslims 1) g0 4 18.6.5.1 iy ek b slae «(qr=3.8638 KN/m qp=18.1365 KN/M) 05 g 0550 5 4 43 |

kN
q=12D+ L =1.2x18.1365+ 3.8638 = 25.6276;
381.46 + 258.39  25.6276 x (5.9 — 0.5)

Vieft-capacity =g _o5 T > = 187.68 kN
409.43 + 259.7 25.6276 x (5.9 - 0.5)
VRight—capacity = 59_05 + > = 193.1 kN
25.62 kN/m

Mpr=381.46kN.mg l l 1 l l

4

j Mpr=258.39 kN.m

187.68 kN 49.29 kNY

25.62 kN/m

Mpr=259.7 kN.m ( l l 1 l l

) Mpr=409.43 kN.m
A

"54.72 kN 193.1 kN
187.68

49.29
-54.72

-193.1

21.5.4.2 — Transverse reinforcement

Transverse reinforcement over the lengths identified in
21.5.3.1 shall be proportioned to resist shear
assuming V, = 0 when both (a) and (b) occur:

(a) The earthquake-induced shear force calculated
in accordance with 21.5.4.1 represents one-half or
more of the maximum required shear strength within
those lengths;

(b) The factored axial compressive force, P,
including earthquake effects is less than Agf:/20.

381.46 + 25839 1 [381.46 +258.39 25.6276 x (5.9 -0.5)
—_

50-05 2| s9-05 2 e=20

409.43 + 259.7 11409.43 + 259.7 25.6276 x (5.9 —0.5)
> E[ ] -1.=0

59-05 59-05 2

0l plsl TO3 T KN i olel 5 Lol 90 10 50 olg5 o |y b Sgals >lhb g 05lo po b (oS Sglas ,u5 sleasl g0 j0 (o polie
Vo =00 +V)

Ay
193.1 = 0.75 <? X 440 X 300)
A
v - 195
S
L ool il (D10 s s Sogels b 5 D22 Jsbo slas Shoo aSiyl (5,5 1) o Sigals alols 2510

440
Smax = Min [T’ 6 x 22,24 x 10, 150] =110 mm
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25 (Sl Cond 0 b Ao

4 ol ol ol 4S5, 5 2h=2%0.5=1 m alold & b, e

18768 0 T
s472fb

. -193.1

2h
Vop =193 — I x (193.1 — 54.72) = 167.37 kN
h

A
167.37 =0.75 (450 X 440 x 0.17Vv25 + ?v X 440 X 400)

A
?” =0.312
A 0.35b 0.062v/25b\ 0.35 x 450
(—v> = Max( , > = = 0.525
S Jomin F, F, 300
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Frigtional
forces M
. -«
=z
1 fs=TIA
fs 13
(a) Test method. (b) Bar stress. (c) Bond stress.

i8] 3] el S o 53 9,50 1 0y 855 il
D9 SV el Crge g oy SV ouled G944 T oy )
D9l 0SS (g3 5 03,95y 5 SIS 510 Kl s p SV 58 ol (590 4 T Al 5l S Y

T

@ i8S J Coi gila

7

bl 3t b ol s 4 g5l

Spb o g o Jos 10T 35d o g 0T J=s
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1358 (oo ploxil G sk a5l oo a0 0 Koo Sl 98 Jla]
(chemical adhesion) -y g oYed po sloowds Saiws @
(frictional forces) s Xlo mhaw (5,5 3l b Saol o

@) o Xl 59, S b g (Sl oo @

il oy ool lias gy ol g S o

Bearing and friction
; forces on bar

M Y~ 9~

-1

= NS > NS NS
— — —_

L Adhesion and friction forces
along the surface of the bar

2 oo plol ol 3 )b 3 g5 JUl odee 139, (oo e 3l 9,8k (S5 (35 5 9 Sl s oliend  Saie

b oo il T gk (855 5 0gdue o] Jsbo Gl g 0, 8Lee 50 (ilS amae (lid GiiS cow ) ol o She o 5 JSS
S e 151 o ezl Gl 1o Ko (o3a) Slml 5l 09d go i U3 0, 8hee (53 cge Jsb (talE ]

g oo 5 0 S obul cage i p )l (LB p sle 5 Lol res 958 (0 0)ly i 4 L B jlaST SIS (sl

0,8 slgl o 0o 5 (5 O (Niwgmy i Cawl (S Jb Gl 8L g e co 75 0,8 00l (6)05,1 (slecl jo (h3sd o e
b els

Force components
on bar

{a) Longitudinal section (b) Cross section

Sgders Sboul oS3l jo olad sl S5 sgiie sualiv Conl)y o IS o
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ol5T o B (0) JSi asile Wil oo el (sl S5 (0, Ko ,haB pl o ¥ logas 5l 2aS) ail o5 0 Kb (59, inbar 45 (63,190 0

Db ol coge Wl o S aim LY slass el ol o2 5l o Kl alols a5 (b) 5 (@) > aile (0)l5e 4o

sloo) S 0 o Koo pole sl S (5,1 SLS 5 1 0gdle el o5 Jlo jo s Koo alols a5 (€) JSi asile (69,l90 4o
.ogsoolqglslfdjj@a“@db@})oﬁop@

DS Cailes S5 ol b 5l Gilg ce (WS p ygee S5 mhaw 514S) Lose eile,] 0939 a5 dmae yLii (d) JSi

/ -
(1 T—Water
Plastic

* 7

(a) (b} {0 (d)

(Moehle ;o OS5l a5 ISs)

{8} Side cover and half {b} Side caver = bottom cover, {c) Bottom covar less than
the bar spacing both beth lese than half tha side cover and haff the
less than hottom cover. bar spacing. har spacing.

www .hoseinzadeh.net VFO A3l oo faiane OLS ol Llas 5l glop S 465 2

settlement / / /
-—.—-‘—.—



,eil,l o) TAY
lo sl gilaT L5,
Ol 2 35ls 5L Ll @90 50 9 008 ok Jlee Jobo 4 5ls Blo gile]

o3 e O 31 50 i 50 B sl e
Db oo 8,50 slal o OBl eolawl Blo Hgile,] Hle (slp cnlio ol S

G e (P Pl U G e Pl e b ooy e Al

s, S 2 .
et GEL 1 S1GE G b b R

1358 (oo axlllae Il 95 50 0 Khes 9 (7 (o (Shwsm Pt

Sl Kooy )
OQ)P)“U”J}IQ)‘)yLA)T‘ML”LQ’““)L}";‘mdé)‘s(u)ém‘suw(U'*Jd"f""boy}sd&cfj)oy}s:bw]’)k}i‘“)é
o (Sxz b o) (Srosm sl | il 5 2igd (oo (5 5 Y58 o (Swsy sbml crge letd Gl Culplis 955 (o0 005 (g0 5
S 2 S8 50 1d Jsb azje 05 o S % 4 (U) 5)lee (Shwgn sleds Boyb 5 () H5le)] 50 0gzge (15 5 US40 anel
O el (e g 48l Gl U sl 1d alS by (oo GR0lS (W) ()l (g (15 5 a8l Gl 55l ] Jlee po o2 Ul wils
Se S g 43l |, YL U Joss

www .hoseinzadeh.net \\ig A3l oo faiane OLS ol Llas 5l glop S 465 2



L ,gilo,l Hleo) TAY

\I/P oS (g -V
3 (S GBSyl Job o S jlade s Jds a )y SO o
il bl 4o Jolas L (gl el cpl 10 S o s sile)]
Ppay Py Bl el 1) (U) (e (Stwgn sl 25 5] sl
M
CEED
f > u <—ch
fs<—_f = = 2fS

www .hoseinzadeh.net \FY A3l oo faiane OLS ol Llas 5l glop S 465 2



,gilo,l Hleo) TAY

A0 (5 pol yoo
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W = Min (XL X TD =10 X L X 314 X 16 = 50241
= ‘"{ AsE, = 3.14 x 82 x 400 = 80384

b W jlis s 25T oy
502.4L = 80384 - L>=160mm

Y (5 ol
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25.4—Development of reinforcement

25.4.1.3 Development lengths do not require a strength
reduction factor ¢.

25.4.2 Development of deformed bars and deformed wires
in tension

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

(a) Length calculated in accordance with 25422 or
25.4.23 using the applicable modification factors of
25424

(b) 300 mm

25.4.2.3 For deformed bars or deformed wires, £4 shall be
calculated by:

Z = j;’ W!We‘l’s db

‘ 1.1&@(% +K,,]

d

b

(25.42.32)

in which the confinement term (¢, + K,)/d}, shall not exceed
2.5, and

404
K,=——= (25.4.2.3b)

wherc n 1s the number of bars or wires being devcloped or
lap spliced along the plane of splitting. It shall be permitted
to use K, = 0 as a design simplification even if transverse
reinforcement is present.

www.hoseinzadeh.net 1 f4

258 ol Ko )Le(Q Jﬁb dwle (gl asl u-u—‘ -E-}‘ﬁ) -Y-~

25.4.2.4 For the calculation of £; modification factors
shall be in accordance with Table 25.4.2 4.

Table 25.4.2.4—Madification factors for development
of deformed bars and deformed wires in tension

Modification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, where f; is In accordance
A specified with 19.243
Normalweight concrete 1.0
Epoxy-coated or zinc and epoxy

dual-coated reinforcement with clear

. 15
cover less than 3dj, or clear spacing
less than 64,
Epoxy!!! : 2

Epoxy-coated or zinc and epoxy dual-

Ve coated reinforcement for all other 1.2
conditions
Uncoated or zinc-coated (galvanized) 1.0
reinforcement i
. No. 22 and larger bars 10
Size
v, No. 19 and smaller bars and deformed 08
wires )
) More than 300 mm of fresh
Ca_s!:mg] concrete placed below horizontal 13
position'! reinforcement

r Other 1.0

MThe product way, need not exceed 1.7.

Aok oo Egioe QLS cpl e 1 g)ls (S 43S 0



,gilo,l Hleo) TAY
Y Sl
(S 1 Cond phaie yaly Coandd) Cunte pas R Pl cand YK 5sllne abaie by (55 35 T
2l o yidgy D1Z@ 150 MM /o Wogals A's = 2020 3 A, = 3D25 «S g0 ;o

29701 3 5400 £95 51 Jabo 9ila)l g Y jpme &y Co g ylize (5 008 s9ite,T s glas 50

C+X,
Sl Jab (aani 51y (—4—.:) Flwlne 3235 cupd il 5340 g9 5l (Sgals) o ye

PR ) polis 5l SaalsaS «) sigid g0 aliog U o M e S 50 &F LS glayeita,]
ol ciuai 9 03 429y PS03 51 ) Rloa 3550 bl jlaka 93 31 )38z aS iy C) Tl

y (Wbl go L3 ;810 35 10 17 55 )
!
1 3.30 (v
800 mm | 2.50 (v
2.20 ¢v
2.00 (¢
*300mm

il Sl (5 49, B0 Koo 55 50 alold

Cover to rebar center =50+ 12 + 12.5 = 74.5mm
L el e oo 3l 555 slo0 Sles S 50 b 58 5o alold

300 —74.5x%x 2 ) 75.5
Shar to bar = —— = 755 - c = Min (74.5, T) = 37.75 mm
402w x 62) .
= "{50x3 oo

ke +¢ 20143775 -
d, 25 B
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25.4.2.2 For deformed bars or deformed wires, £, shall be
calculated in accordance with Table 25.4.2.2.

Table 25.4.2.2—Development length for deformed
bars and deformed wires in tension

No. 19 and
smaller bars and | No. 22 and
Spacing and cover deformed wires | larger bars

Clear spacing of bars or wires being
developed or lap spliced not less
than d,, clear cover at least d;, and

stirrups or ties through_OI}t £anot less FATATS FATA'S
than the Code minimum - d, d,
20f7 L7AS,

or

Clear spacing of bars or wires being

developed or lap spliced at least 2d,
and clear cover at least d,

Other cases ( AR ) d, [ SAAS ) d

LIf

N T =d,
e o
zdb
_'I "_L" - stirrups or ties throughout £4not less
@ @ : than the Code minimum
Edb
=0y Minimum cover

@ @ @ | =24,
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Je
255 5kl a8l Job slaygile)] Jlous S5-I 50 0nS s S5 B 5 g e U3 o ) g UK sles Kl sl p3Y ()l Jsb
Al oo sgls Joolgd b s 5 X D25 sb sl ygile,] sl 0 oolited @LO@L00MM. §) 15 J51s 1o 5 aiily o

ld
3P25 2925

b 400 mm

h 600 mm

bar-D 25 mm
No. of bars 5

Stirrup-D 10 mm

Stirrup-S 100 mm

Job oo Sl 5550 b o by
25
40 + 10+7= 62.5 mm
s (5103 Shon ot Ll Lol
(400 — 2 x 50 — 5 x 25)
=43.75mm
4
Sl J218 58 e Job arwlne

ol Job slao Ko Hhad ply 50 5 jieS o Sl Lalls alols bk 5l g oil oo Ogels 08l 5 Jsb slos Se olgs 3l o
bl ol oo Ko Jlge Jobo oy Jlode cpl by 43.75 < 2 X 25)

E,¥.¥, 400 x 1.3 x 1
4= Xd= Xd=945x%xd =2363mm
LAAL, 1.1x1x+v25
d,do A.E.g‘) )l oolarul b
_ 43.75 + 25
c = Min (62.5,7) = 34.375mm (c + ktr) 34.375 375 < 25
- = =
40A ' '
Ktr = =0 d 25
sn
E, W, W, 400 x 1.3 x 1
a4 = o X d = Xd=6876xd=1719mm
111 fc’( - ) 1.1 x 1 x vV25(1.375)
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25 J31 5o st oo, Ms Jlo Jsb armlxe
ol oo 510 Shon 1 31 s s Sl Ll alols ko 5 il e (S 4 4) gl (sl i oo (slas Shoe 1 s 0

43.75 > 25

A A E,¥.¥ 400x 1.3 x1
?v= 1.57mm > (—v) =Yt vd=

l, = -7 %
min (¢ 17AJF 1.7 x 1 x V25
Bar size = 25mm > 19mm

d=6117 xd = 1529 mm

1380 alal) sl eolaul b

. 4375+ 25\

¢ = Min (62.5,—2 ) = 34.375 mm c+ ktr) ot < s
- = . .

Kt _40Av_40><2><(7r><52)_2093 d

"TTen T 1o0x3 "

AR A 400x 1.3 x 1

a4 = o X d = Xd=42xd =1068 mm

1.1 fc’( : ) 1.1 x 1 x25(2.21)
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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
Ty rr db
@ [ Wi ]

(b) 0.043fy,d,

25.4.9.3 For the calculation of £,, modification factors
shall be in accordance with Table 25.4.9.3, except v, 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 19.2.43
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 0.75
reinforcement | (3) No. 13 bar or MD130 wire ties in ’
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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DS et Sl 3 01y 5 15 b j0 g lid sl Ko sl 23 (55l s

Ly

b 400 mm - 3P25 2925
o 500 - s

—

Ly,

02 4, 0043, Fyd )

— = ap riyQdp
A

0.24 x 1 X 400

= Max (200 mm,—— — = d},0.0043 x 1 X 400 x d ) =19.2d, = 480 mm
\/ﬁ b b b

lyc = Max <200 mm,
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CHAPTER 25—REINFORCEMENT DETAILS

5 Shio 05,5 Jlgn Jsb )Y

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 1n (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

las Koo 09,5 ln oY lee Job 525 )13 U8 Bllae (B Y 5 (LY 08 055 O )90 4 (B8 slas Me a5 90 )0 1l
g8 jslaie 25MM iy oo Koo ad S dclore 535 abal, 5l oolitul b g S5l 4o Slgd

400 mm 400 mm

G O @) 6 © O 3535 mm = LY o Sl Joleo had

¢ 433 mm = LY o Sl Joleo ,lad

Glys J51 59) 2 o slos Sles Jlgn Job cnlone

, 43.3 400 — 2 x 71.65 64.175
c = Min (50 +——=7165 , 7 = 64-175) = 64.175mm{ _, ( ) =148 < 2.5
43.3
Ktr=20
! B¥Pes (1.2d) H00x13x1 (1.2 % 25) = 76.65 x d = 1916
— . — AR = . = mm
ERYNI7 (%) 1.1 x 1 x v/25(1.48)
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(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.

o

Lead-in length

Bearing stresses

S8 slesl DB -Y-Y

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 £ oy mm Type of standard hook
No. 10 through Point at which
No. 25 g 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
bar is developed
NO. 25 b / ar 1S develope
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, | ’ =
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.

www .hoseinzadeh.net \IN A3l oo faiae SLS ol Llas 5l glop (S 465 2



GoLd slao Ko sl Jsb I TAY

o Sgals gl ezl OB Lalss
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 {oxsy, mm Type of standard hook
No. 10
through 4d, Greater of 6d;, and d ] - 90-degree
75 mm c bend
90-degree No. 16 f ;
hook No. 19 W
through 6d, 12d, Diameter "~ || | fxt
No. 25
No. 10 dp
through 4d, |::1_l7\ 135-degree
135-degree No. 16 Greater of 6d; and L bend
hook No. 19 75 mm Diameter — /
through 6d, Loxt
No. 25
tI];IrO. lg(])n 4d, ill
ou; b .
180-degree | No. 16 G;Zater;f @ 80-degree
hook No. 19 b an Diameter ] bend
65 mm —/
through 6d, Loxt
No. 25

MA 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.

25.3.4 Seismic hooks used 1o anchor stirrups, ties, hoops,
and crossties shall be in accordance with (a) and (b):

{2) Minimum bend of 90 degrees for circular hoops and
135 degrees for all other hoops
{b) Hook shall engage longitudinal reinforcement and the

extension shall preject into the interior of the stirrup or Alternate hoo‘_( posmon.of
hoop each successive crosstie

25.3.5 Crossties shall be in accordance with (a) through (e): gg;c;egree
to Table 25.3.2. Standard hooks shall enclose longitudinal

reinforcement.

(a) Crosstic shall be continuous between ends

(b) There shall be a seismic hook at one end

(c) There shall be a standard hook at other end with
minimum bend of 90 degrecs

(d) Hooks shall engage peripheral longitudinal bars

(e) 90-degree hooks of two successive crossties engaging
the same longitudinal bars shall be alternated end for end,
unless crossties satisfy 18.6.4.3 or 25.7.1.6.1

135-degree
bend

Longitudinal
reinfoercement
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25.4.3 Development of standard hooks in tension

25.4.3.1 Development length €4 for deformed bars in
tension terminating in a standard hook shall be the greater
of (a) through (c):

® {0.24 IANARA J d, With e, Wi Wi and & given in 25.432.

NI

(b) 84,
(c) 150 mm

50 mm
Cover on bar extension

i P beyond 90° hook
25.4.3.2 For the calculation of £4, modification factors eyon 00

shall be in accordance with Table 25.4.3.2. Factors y,. and
y, shall be permitted to be taken as 1.0. At discontinuous
ends of members, 25.4.3.3 shall apply.

Side cover
(normal to
plane of hook)

Table 25.4.3.2—Modification factors for development

of hooked bars in tension "
Value
Modification of
factor Condition factor Lan ,
Lightweight Lightweight concrete 0.75 ! —dy
1
A Normalweight concrete 1.0 |
Epoxy-coated or zinc and epoxy dual- 12 *
Epoxy coated reinforcement }
Ve Uncoated or zinc-coated (galvanized) 1.0 T
reinforcement )
For No. 36 bar and smaller hooks with side _/
cover (normal to plane of hook) > 65 mm 0.7 [ M
Cover and for 90-degree hook with cover on bar ) — | —"i F—
Ve extension beyond hook > 50 mm =2d, £3d,
Other 1.0 Fig. R25.4.3.2a lies or stirrups placed perpendicular to
For 90-degree hooks of No. 36 and smaller the bar being developed, spaced along the development
bars length Ly,
(1) enclosed along £, within ties or stir- d
rups'!! perpendicular to £4 at s < 3d,, or 57
enclosed along the bar extension
) 2 losed along the b: i r !
Confining beyond hook including the bend within ties 0.8 //_ — N ’
reinforcement | or stirrups!!! perpendicular to £,,, at s < 3d, . 1
w2 Tail of hook S = 2d, 2.
For 180-degree hooks of No. 36 and (incl. bend) | £ext I | E&
smaller bars enclosed along £, within ties | l <3d
or stirrups!!! perpendicular to £4, at s < 3d, ‘o . b
Other 1.0

[IfThe first tie or stirrup shall enclose the bent portion of the hook within 2dj of the

outside of the bend.

121, is the nominal diameter of the hooked bar.

www.hoseinzadeh.net

AR

Fig. R25.4.3.2b—Ties or stirrups placed parallel to the bar
being developed, spaced along the length of the tail exten-
sion of the hook plus bend.
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022 Smled dnlre gl oolawl a0 A Sl O sl asiyl 2,8 L) g 2l o Job sles Kl L Job )b y5 Jlie jo ¢ Jle
A3l o 30mm Ll jlgs J2 o Jeb sles Sl bl idigy 0

[
—dh_, 3025 2025

L, = 0.24F W W W, d, = 024 x400x1x1x1
NIA 5
oyl sl s o bl glos Koo GlLLI slo gels Lulgs —F-Y
25.4.3.3 For bars being developed by a standard hook at

d, = 19.2d, = 480 mm

discontinuous ends of members with both side cover and top Tesor
Less than stirrups required
(or bottom) cover to hook less than 65 mm, (a) through (c) gy 65 mm_1 o Less than
shall be satisfied: i Ay | S0
[T i
(a) The hook shall be enclosed along £, within ties or stir- | ‘ 1 E
rups perpendicular to €4 at s < 3dj Fv EE—yr=a=ya]
(b) The first tie or stirrup shall enclose the bent portion of < 3db_/ / _ X
| <2d, Section A-A

the hook within 2d,, of the outside of the bend
(c) vy, shall be taken as 1.0 in calculating £, in accordance
with 25.4.3.1(a)

where dj, is the nominal diameter of the hooked bar.

www .hoseinzadeh.net Voo A3l oo faiae SLS ol Llas 5l glop (S 465 2



GoLd slao Ko sl Jsb I TAY

N -Slewlxe
Canand )0 3,00 51,8 180X180%50 cm slayl 4 0 i (o S 35 0 10 40240 cm slul 4 Jaiaw ~F
200 90 em ply o Aulier A e 50wl oad solizwl Cuyar wb ;0 TOD2S5 3 L, Sl
T ol 1 geasneo 4335 5 )Mo Jplo i 51 cnily S400 5Y g 0, €25
Wi g 0 (gl d ay AlgT e el Ot OB A b S il adadie 4o e gile,l (1
O3 il 3> 4 ailgi ed il 3 kot OB sges b Lo slayaile )T o SlBgh il )l 39z Spge o (¥
et 2
sl ansls plaal o lastinl LB aSiT Ka wiiny od (o)l a4y aSly ed iz adaiie ;o e ygile,] (Y
wiep ad ol e ay  leiih o lailisl LB ygae wiilg e il adaile 4o W, gile, T (F

¥ans

U0 Slewlxs

b olead b 4 50 Lo (i i Sl e s S8 oukid 290l 2S5l o Y4
Ehde slal & Jeiw S 50 o lwitiwl 96° LM M eolazwl b b (g iy R
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: = (bl gn (Jgone £ 93 51 oyt 9 C25

ia—f-_j’ el 25 (1

e i olas 200 (Y

14007400 mm s ghen 18 (Y

- or e ks 16 (F
Vaus

l _0.24FylPeLPCLPrd _0.24X340X1><1X1
dh — ﬂ_\/ﬁ b — 1)(\/%

d, < 350™™" - dp <2144 mm

AP Sl e
4 Oygiaw 3y Jhe> 3gai g (53U (g S, 38 [y 5 S D28 glas Kl 45T 5l -T'A
«Sem D28 bt yileo 59y il donr ff-S-TRL {NA ol iSudy gy palie 3 PPNy
(35T w9l Sautil cygonr Las yRia} 9 9,8 C25 00 3 s 9 8400 g3 315,58 0a
35 45 ¢y
75 (f 65 ¢
L ol it 3,8hn sl 039 i oo
X 28 =537 mm

L 0.24F, W, W, W, g 024X 400X 1x1x1
NI 1x+25
b Sl pl ¥ gt wn Pl cnlpl
537 + 50 = 587 mm
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l 0.24Fy‘{’e‘{’cl{’rd 024 x300x1x1x1 d, < (400 — 50) d,. < 243
_ _ % _ N 3mm
dh A\/ﬁ b 1 x /25 ’ ’
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=|—] X X X =
386 T
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Cutoff points

Design moment capacity
of beam
D 359.7 ft-k 359.7 ft-k

Moment diagram
due to beam loads

(length of cutoff bars)
9.7.3 Flexural reinforcement in nonprestressed beams : X Ff
. ] : Moment |
9.7.3.3 Reinforcement shall extend beyond the point at I/—Face of support strength |

which it is no longer required to resist flexure for a distance | ) _ °_f bars ai
equal to the greater of d and 12d;, except at supports of ' Points of inflection (P.1.)
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.

i
|
|
|
Mid-span :
of me?nber—/']

Moment curve

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}, >4,
and £,/16.

<2 (0. 12, 0r £,/16)

|
|
|
|
|
|
i

|
pi Embedmentofbarsaz> ¢, L
|<7r>c/_Bars a ‘?| <J—z_,)( lc

I
k /s (dor 12d,)
— DAY S
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.
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Flexural strength
ofbarsC,D & E

/\d, 12d,, (12.10.3)

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

Criticalsect -
ionfor bars Flexural strength
c ‘/ of bars D & E
(12.10.2)
Criticalsect
ionfor bars
D
(12.10.2)
d, 12db (12.10.3)
f—
Flexural
strength of
v d bars E
Criticalsec
tionfor
bars E
(12.10.2) d, 12dy, ¢,/116 (12.12.3}
| T
|~ Point of inflection PL.
N\«
=4y bars C - \
(12.12.2) N
= {4bars D
o= "d —T—- \
12.104 | =fgbarsE | A
J_/l/_r ( ) . (12.10.4) N /Nole (a)
\ v
See Fig. 4-9(b) for
\ \ Bars E development of positive
Bars D P pos
3 Bars C moment reinforcement \ Y
~ s
j_/l/_L N Note (b)

Note (a): Portion of total negative reinforcement {Ag

) 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

BarsA <

Note (b) PL Bars B
P e 4

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

Point of inflection PI.

\

/

Critical
section
for bars A
d, 12dy, (12.10.3) (12.10.2)
J—
Flexurgl strength
of barg B \‘k
Critical
section
forbars B
(12.10.2)
Embedment pof Bars B Flexural strength
B (1210.4) of barsA& B
/ > +M
. > {qbarsA )
- (12.1)

Note (b): Portion of total positive reinforcement QA:) 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). See also 7.13.2.4.

www .hoseinzadeh.net VPO A3l oo faiae SLS ol Llas 5l glop (S 465 2



GoLd slao Ko sl Jsb I TAY

U5 e it | U Shon o Joue cips ol B Jsb (slod Koo oy 5o Ly oSl (25 L o US55 AB 3 o e
Foe Gos 9 P22 5 Job slos Sloo Jla8 0S5 (5,8 095 (2,8 500 MM g s aws oo LaS 1) 5 S el Sho oy el Coons
A3k 1100 mm -yl y o Koo Jle Job 0uS 6,8 uizmen il 0440 mm L5

e
!

BN Ihes

B45X50
B45X50

-276.72
-296.15

A B45X50

590 QM -
8 8 3 Pk %
> X
: " ©

—m B45X50 -
—
296kN.m 296 _ 197 m
197 kKN.m X =—296 X2.7"=09m
27m ’ 27m ’

b Sl 2l g 25l Cagl 0 S @B e

12db} 12 x 22
x+Max{ d =Min{900+Max{ 440 }=1340mm

1100

O 2 3l (o 0 She = Min ;
d

iS4l o s Ko adad -F-Y
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
pointand V, < (3/4)¢V,

(c) 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,,5/f;,. Spacing s
shall not exceed d/(8B;)
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u X (mD X dx) = df;

d
uXx (@D xdx) =—

Z
1 am
Y= IDZ dx
1
Y=z
_ U = vV_
- N7
- ” O Z v
o R
! DLV _ o
(}J r)/ 4 l‘}’j?’/g"
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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) ta<(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 (& 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 4 and by < M,
12d;. Vu

{a) Positive M, Diagram

End anchorage £; — — T 1.3M,/V, -
s — -
=] 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. RY.7.3.8.3—Determination of maximum bar size
according to 9.7.3.8.3.
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Col 00y osliil Ag = 3 X D22 = 1140 mm? 3 Jsb sla,sile] £,b (sl alaiie g3 sla,gile,l e bl oo ;o 08 5,3
il oo 1200mm s sus plonil Sloslrs ok bl e Jsb 5

4 B45X50 ‘

(=1 (=]
% 1/ X
3 s
m m
S.5m , A isxso N B
W 160 kN.m N 120 kN.m 200 KkNm o -
uy u
220 kN v L § - §
u 1m 1.5m @ @
Mu
B45X50
—M |
iEely

v, =220 L75 140 kN
= X —=
u 2.75

il o d=500-40-10-11=439mm i, 15 Sise Gses

l, = Max(d,12d,) = Max(439,12 X 22) = 439mm

1140 x 400
)= 189311529 N.mm

Mn = AsFy(d - 05(1) = 1140 X 400 X (439 —05x% m

Mn _ 189311529

I, = 1200 < [—+za -

+439 = 1791 mm] 0K
u
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1- Lapped splice
2- Mechanical splice
3- Welded splice
4- End-bearing splice
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Fig. 11-1
Tied column under construction. (Photograph courtesy of
1. G. MacGregor.)
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(Tension lap splice) oiiS o, SXlo il aog-V-A
e o gy abs g
2 contact lap splices

CEE—— R
Qe o) ] =i =V =y =y = =77 -
Noncontact lap splices

fall o0 Sy dx & Jidgy alog o )L Ll ogo
\ — 0

(a) Forces on bars at splice.

Iy |
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.f’////.f’//‘
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SN D {
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AL LSS
D9l o ol 0y az g BB sledts alog e jo cnlpll gl co Jilie b B,k 5l gy dlog Joe j0 aiS axgi G558 JSO @

(b)

S oo Jae B slos Ko a5 (g alog bawgs 8 slos Sls 5 JSO 50
b oo Gl bt &g 4 (T9) oo Kloe (L2257 (595
oo ol @, 4 g los e j3 25 alog 4l 0 S ax s 15 Job )0 8 slad Klee j5 15 plShs 4
b oo ili8l bond stress jlade alog 4l o anlel axgi i 0 Siwgn 25 plSloay o
ulee Rl (Siwsey G5 58 Ggie SIS 50 0,8 Sl e 0 @
(weightless) ‘ 4

<

Bars h j

Moment, M
Reinforcement tension, T

Bars g tensile stress, f

~ - - . _ |Barsh tensile stress, f
g

-1 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.

Sed S 5 5 lalma Jaiie | 2aS 1y abog Jsb ols5 (oo bl il 3 ko 51 iy 35750 9,Kheo tlzee alog e 5 a8 53

25.5.1.4 Reduction of development length in accordance
with 25.4.10.1 i1s not permitted in calculating lap splice

lengths.

25.5.2 Lap splice lengths of deformed bars and deformed

wires in fension 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—L ap splice lengths of deformed
bars and deformed wires in tension I

Maximum
percent of A, .
spliced within Clear spacing

A provided Asrequired”] | Tequired lap | Splice

over length of splice length type [
50 Class A | Oreater | 1.04;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

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

Y Sl
dhoy ph 41 piudyy Aoy b pluad g Sy 33 4T B20 35,8000 35 glp p3¥ tig Jab -YF
gt 3550n 93 o s9%a G sama lone aolh 251> n3lgn j2uglus 900 il ilend

A Caal il 2 R0 gl
100 (¥ 180 ¢r 250 (v 150 (1
VoanS

900
S = Min (T,150) =150 mm
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w3l oo Lngte (53 U b o3l il dralone |, Sl g ligh slas Ko (sl o3 alog Job o) 5 53 3o
Al oo =700 MMyl 55 Sge Bos @

sl o TM 55 A Job @
f! = 25MPa, F, =400MPa, F,, =300MPa e

o, Sl 51 G Y pgo al> 0 )0 5 o, Shs 516 aw Jol al> 0 )0 a5 S50 4 Xigdh (0 alog gl Al jo Ojg0 4 b sleo S @

g (g0 abog
40mm cover 40mm cover
—_— —_2—
——— S ﬁ. ¢ *ZSmm \‘
3428 7828 B A
|| -F1o@is0 -7 10 @100 , [ il I
—= —=_
I_—
e B L.i
Lt =< l—
5628 T
05¢0280 e o e -150 KN.m
Sectiom B-B Section A-A +300 kN.m U] +300 kN.m
®]
+500 kKN.m
Mu
b
s Ry 4 adale lawg 1o (B8 slas Sl (5lee Job auloe
500 — 2 x (40 + 10) — 3 x 28
clear bar space = = 158 mm

2

clear cover = 40+ 10 = 500 mm

Ly L3 X400~ 6117 x 28 = 1713
d = b = b= . X = mm
17! 1.7 x 1 x /25
12.2.2 — For deformed bars or deformed wire, £4 shall A ; v
. =d,
be as follows: @ d
No. 19 and "_L.‘ =%
- 19 an = Ties satisfying ACI Section 7.10.5 or
smallerbarsand| No. 22 and X ing 0
. b stirrups satisfying ACl Code Sections 11.4.5
- SPacfng a;lg cover _ deformed wires | larger bars @ 2 Lq,  and 11.4.6.3 along development length
lear spacing of bars or wires v
being developed or spliced not
less than dj,, clear cover not

less than dj,, and stirrups or ties =d, Minimum cover satisfying AC! Section 7.7.1
| (L0t ), | (Jive)

a2 7| b

or 21\ F] 170 F]

Clear spacing of bars or wires

being developed or spliced not

less than 2d}, and clear cover

not less than dj,

| —=2d,

f wv,J ( fVive J
Other cas L d, L d,
or cases (1.47v )| Gaage)
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(G280 gy 4 habie lawg jo (SBgs slas Sl (5)le Job drnlne

_ 500 — 2 x (64) )

c=Min|64,—— | =64mm
4 ¢+ ktr
- ( ) =2.78>25—-> Use25

Kt _ 404, 40 x2x (mx5%) _ 1396

"= - 150x3 J

A A 400 x 1.3 x 1
a4 = o X d = Xd=38xd=1059mm
111 fc,( : ) 1.1 x 1 x V25(2.5)

(s sloo Sl alog Jsb (yenss
L Cesl il alog Job 5 ail oo ClassB g 5l alog il onds alog alads Sy 55 (5 pol o 5bo0 Koo oled aSul 4y a5 L

Lptice = 1.3l = 1.3 x 1059 = 1376 mm
=131, = 1.3 x 1713 = 2227 mm

B35 b,

gs"')"’" o9y lsplice

1330 by 4 0 Shee T alog e 50 5 el yo Sliow slas Ko (6 5les Jobo e

. 500 — 2 X (64) 40mm cover
c = Min 64,7 =64 mm C+ktr
- ( ) =3.03>25-> Use25 g+ s s 20o5um
404, 40 x 2 X (7 X 5%) 7928 1k 510
Ktr =—= = 0033 =20.94) 4
E, W, ¥, 400 x 1x 1
lg = o X d = xd=29xd=818mm
12 (£25) 1.1x 1 X V25(2.5) 2
d [ g o
=500 mm —™]

28 ¥abog e 3 5 bl o SLod slas Kl alog Jobo

335 9, Lopiice = 1.3l = 1.3 x 818 = 1063 mm

1330 g,y 4 0,8 ¥ alog Joe jo i sleal o Sliow sleo Kl (5 ke Job anle

40mm cover

-—
_ 500 — 2 x (64)
c=Min|64,——— | =64mm ¢ o o 25mm
4 c+ ktr 7 328 +
—>< )=3.4>2.5—> Use 2.5 /JIO
Kt _40,41,_40><2><(n><52)_314 d =
"TTen T 100x2 J
EY.Y.¥ 400x1x1
=2 xd= xd=29xd=818mm 5628
L (55) 1.1 x 1 X V25(2.5) ve
8 o 8 o
[+ 500 mm —™
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e Voalog (oo 3 5 bl o SLod slas Kl alog Jobo
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b ol ol (e i y55le,l 0939 5l Ll o L) o8 a5 50 Codie pied Cudyb 0,5 5 8 ClassA |
3077 x 400

oMn = 0.9A5Fy(d - 0561) =0.9 x 3077 X 400 x (700 —0.5% m

) = 711286916N.mm = 711 kN.m

8
M, =300 + X 200 = 347 kN.m

L: g‘;&»)‘ﬁ‘ﬁ

=8 o) lsplice =1, =818mm

Dgliie jla8 b o Ko 93 (Sibgy alog
Syge bain pie ity alog e cla 5 o Ton o (55 e 15 Y-FF-Y14
sy Jsbo b 355 Sl b o Shee (215 sk e 95 (185 ply Wb iy Jsbo
1y Saakeo Y8 51 55 5 18 L cslas Slan 93 455,55 3 iSrs8 b b oSk sl ¥
13 JLabl fraelen YF 51 55 by (s Shoe & Sl

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.

S5k 09,5 iy alog

Canned e 8 8hee a0g0mme Sy Glgie 4 Ao, Khs 055 gl (2l alog ¥-1-F-YI-4

Pl Sl cul )3 gai Jate v by dlog b alSlan g a | bao Sl s 51 Sy m Lol

il adls J3as oo b il cilise slos Sl aloy

bl b a0 Shoe 095" 13 Koo 50 0 gy alog (sl p3Y (tedsy Jobo F-1-F-T1-4

58 PNV baled o o 5 99 e W0, Slpo 5 Sopp sl a3Y Lty Job

Do Culey
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 lacl alog -Y-A

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 in adjacent bars shall be staggered at least 750 mm.
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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.

il oo (2S5 5 8hes alog Job 5l S (g L83 3 Koo alog Jobo 1>

el (g abog sln Rl o (Sl aloy @
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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).

Sl aliog £lgil ~1-B-A
:M)b é...)&a 4.1..09 &94 90

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.
locations (a) through (c):

(a) Within the joints

Lap splices shall not be used in

(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

-
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Design torque may not be ED

esign torque for this spandrel
reduced because moment beam may be reduced because

redistribution is not possible moment redistribution is possible

T
Ay
75A 2A
Ao =—2+
(@) Thin-walled tube (b} Area enclosed by shear flow
path, A,
T
24t
T., =2Ant X Ty =2 Mﬂ%xro (4 C”) x 0.33,/f!
3 Py

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.,

L
Nonprestressed member 0.331\/7; [p_J (a)

o

0.33A
Prestressed member \/— ( ] f 0330, \/— (b)
Non_prestressed_member 0.33\ \/Z, i 1+ N, ©
subjected to axial force P 0.33Agl\/70'
www.hoseinzadeh.net VAT
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22.7—Torsional strength

22.7.1 General

s VYAV

22.7.1.1 This section shall apply to members if T, > ¢ Ty,
where ¢ is given in Chapter 21 and threshold torsion Ty, is
given in 22.7.4. If T, < ¢ Ty, 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 Ty

2

Nonprestressed - A,

0.083A. —
member \/70 ( P (a)
Prestressed member 0. 0837\1\/_ [ J ‘ 0. 33X \/_ ®

Nonprestressed A N
member subjected to 0-0837\:\/2 [—q') 1+ WMX\/_' (©)
axial force P 334, 1.

Table 22.7.4.1(b)—Threshold torsion for hollow

cross sections

Type of member T
Nonprestressed 0.083A\. \/7, A_; ()
member ’ ‘Ap :
4
Prestressed member 0. 0837‘4\// ( ]1’ 033) \/— (b)
Nonprestressed \/_ A
member subjected to | 0.083Ay/f| =% | 1+ — ©
axial force Pe 0'33Agx\/z

www.hoseinzadeh.net

YAD

Longitudinal bar -

M”
- Concrete T~V
compression
diagonals

i S5l e,S Jai 8o b s -Y-4

A.=bh

P.=2(b+h)

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

by

bW
Aczbwh+ tf(bf'bw)
Pc=2bf+2h

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

(VY (2n ) _ (% )
\/wadJ +L1_7A02hJ _¢wad+0'66\/ch (22.7.7.1a)

(b) For hollow sections

Vu ];ph < Vc ’
— —2L (<[ —=—+0.66,

22.7.6.1 For nonprestressed and prestressed members, T,
shall be the lesser of (a) and (b):

24
@71 = ﬂcotﬁ (22.7.6.1a)
s
24
t) 7 =224 e (22.7.6.1b)
Pr

where A, shall be determined by analysis, @ shall not be
taken less than 30 degrees nor greater than 60 degrees; A4, is

. - A A, = area enclosed by centerline of the outermost
the area of one leg of a closed stirrup resisting torsion; A, is closad t torsi | reinfo i
the area of longitudinal torsional reinforcement; and p,, is the Osze ransverse lorsional reiniorcement,
perimeter of the centerline of the outermost closed stirrup. mm
22.7.6.1.1 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be e Closed stirrup

permitted to take A, equal to 0.854,,,.

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

(a) 45 degrees for nonprestressed members or members
with Apfie < 0.8(Apfou + A1)

(b) 37.5 degrees for prestressed members with A,f;, >
0.4(A s fo + AsS)

A, = shaded area
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9.7.5 Longitudinal torsional reinforcement

9.7.5.1 If torsienal 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
ong longitudinal bar or tendon shall be placed in cach 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 {§, + 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.

9.6.4.2 If torsicnal reinforcement is required, minimum
transverse reinforcement (A4, + 2A,),.:/s shall be the greater

of (a) and (b):

b
0.062,/1 =
@ 1. 7

»

(b) 0352

¥

Fsb i sb,gle)1-V-4

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

of (a) and (b):

4
(@ 0.42\/f'f—°f’— (AT] 2
L

7
A, (0.1754 S
(b) 042/77 -2~ " |p 2t
VI e L ),
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s
e 100 Ko o5 43S o6 el 425,513 V=270 KN Uiy 5 Tymdl KNm iy S50 31 s 650x400 mm olasl 4 15 o5
s

f; =28 MPa Fy = 300MPa

i S oS jshie 4 il pae b LS JpuS -
Acp = 650 X 400 = 260000 Pcp =800+ 1300 = 2100

2
A 56.2
T, = 0'33\/28(PL) =56.2 X 10°N.mm =56.2kN.mm - T, =41>0.75x% e

cp

gl b Jooi 6 i 51 J 7S Y
A,p = (650 — 80 — 10)(400 — 80 — 10) = 173600 mm?2
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

270000\* (41 x 106 x P, 211000
( ) +|————5—]) = 1.805MPa| < [0.75( )+ 0.66V28 = 3.29MPa | OK.
bd 1.7 x A%, bd

G Sl cod Dgals anule T

. 2A40AcFy 2 X 147560 X Ay X 300 A
s B s T, <oT, -—=0617mm
T, = 41 x 106 s

Dor e ey Ogels ailne -F

Ve=2 _ _ 3

V. = 270 kN}qus =V, —¢V.=111kN -V,  =1486kN.
[ _ AudFye _ Ay, X 587.5 x 300
. =

S S
V, ,=1486kN

p3Y

- ?" > 0.84 mm

FS AV acule -0

A, A, + 24
v—Total _ ‘v - t_ 084+2x0617 =2.078

s
S=100mm Ay_7orq = 207.8 mm? > 2.6 910 - Use 3¢10

leigels Covgaze JyuS -7

1740
100 < Min{

400 400

2.078 > Max {0.062 x V28 x 300035 % W} = Max{0.4374,0.467} OK.

, 300} OK.
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11.5.5.2 — Where torsional reinforcement is
required by 11.5.5.1, the minimum area of transverse
closed stirrups shall be computed by

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

but shall not be less than (0.35b,, s)/f,;.

i Jeb slaypile)l anle -V

;. _ 2A0AiF, _ 2 X 147560 X A4, X 400

n

P, 1740 ¢T, <T, - A;,=80577mm
T, = 41 x 10°

Blax Job iz Hle)] S5 A
0.42+/28 x 260000

0.617 x 1740 x -0 _ 1120.29 mm?
Lmin 400 400 mm

U bl
358 (pharay S 31 G 1ai8 400X400 mm Slay! 4y S5 &ep0 adaiio by do )T oysts guae Sy —YY

Sogols adaiio adief Ly 30 D20 sus 4 U Jold Job sla,0ile,] a5 00 58 0,00
o slen 50yl Cigals (595 o2 e cguie 920 5 390k PLO@100 mm /¢ Al
St 397L0,T damgT 00 raoli palhie ity SR Al €25 s £9d 9 S400 oY g5

Sl PS03 515 ol J1 SroluS ay yhayd guigles’’ s 32 (oloray
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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

V : T h ’ I/c ’
\/(b:d ] +(1.;Zj h] gq{b < +0.66\/7; ] (22.7.7.1a)

w

(b) For hollow sections
ANETAVREA =
—= —Y—— (<] —=+0.66
[bwd]+(l'7A02h J q)(bwd ¥ f; J (22-7-7_1b)

il oo Lol ahaie olal ol ahaie iy g 2By Cooglie Lial3sl ol Lo et Loy 22.7.7.12 alal, 45 590 0
J( 200000 )2 <4o X 106 X 2 X 616

2
300 X 438 170208 X 408)2 > =43 | £ 0.75(0.17V25 + 0.66V25) = 3.11 MPa

a5l (oo J5ed B (o shel b glaie el sy
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FIGURE 5.14 Failure of cross sections with unsupported longitudinal reinforcement. (Afrer Arteta and Moehle, 2014.)
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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).

[
60 a
® Hobbs; Saucier; Nelissen; Kupfer, Hilsdorf, and Rusch
8 Richart, Brandtzaeg, and Brown e
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3¢
FIGURE 3.15 Comparison of measured confined concrete strength versus Eq. (3.11). (After Hobbs et al., 1977.)
) ey ekl LY laly 5o o Caeglie Gls (oo dae (LS §98 510503
0_1 = fCI + 4.10-3

www .hoseinzadeh.net VaA A3l oo faiane OLS ol Llas 5l glop S 465 2



00'55 ‘sle‘ig.lw\\“ﬂv

s oo i ) S5 bt ()Tl (S 59, » obesl @mls pj S

Ao co i |y lggiw (Job (25,50 881 e

ol o digas dod SIA (g s 03y S5

ool o 4 0,003 i, s bl o 55 9y 5 ob 0 Ko (390 (ypie 53 45 P aigas

8000 [ T T T T T b
Heavily
450
i f confined end
6000 | 7N 40 '_ 4
i \01 Central
130 . r test
p region
B =1 20 <

P

— — 5=15in{38 mm)

Concrete axial stress, psi
g
1

Concrete axial stress, MPa

X Heavily
confined end

:
L]
=

0 1 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05
Longitudinal strain

FIGURE 4.1 Stress—strain response of plain concrete (P) and three confined concrete cross sections. (After Moehle and Cavanagh,
1985, used with permission from ASCE.)

www .hoseinzadeh.net V44 A3l oo faiane OLS ol Llas 5l glop S 465 2



ol oS leiguiumw TAY

e Job slos Shos Jlgn bilys V-1

o Sl oo Lulged (o ) o5 0y )0 el 00,5 09 T gl 1) (ulged sl (| (WS5) (5200 sl il (VL Coranl 4 azg5
w‘ AW ..\..3 Le‘i..t Ja.».uy 6]5.‘0
o 9 o 18-
55 B ilo,T Luosi Wbz 1Y-10-4
absS 10 5 sbes Kl 51 Sy pm a5 wil 5,9k Wb bogels dloxs ahaie » 0 O-1V-18-1
g ALl il jeb 4 90,5 18 Az 0 WO mSTas LBl a4l b gels S
39 ably gac slaaled jo a5 50 Xlw o -l
T e N SN T
b e e 10+ 51 iy jglme el (5 )l 8,5k b )T 05T alols a5 60 She y2 -
solaul )9 LSL“":’}‘l" )l O‘}?‘:e s..\.iﬁf )l)."e c).l‘o e S9) 619]9 ‘5&50;]._..« as 60)‘5A 39
ol (5976 4 b 09 o33 4z 50 VYO o lasbin] OB & LT slgsl aST 5 bgyie o8

g Hlew opls (A3l Cadd 1 yo

25.7—Transverse reinforcement
25.7.2 Ties

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and
(b): Equal to or less than 150 mmr
(a) Every corner and alternate longitudinal bar shall have S
lateral support provided by the corner of a tie with an 1
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 | May be greater than 150 mm
no intermediate tie required

135 deg max
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10in -« 1000
(254 mm) (254 mm) Notes: No. 13 bars longitudinal (dia. = 0.5 in, 13 mm)
— f,=51ksl (352 MPa)
W5 wire transverse {(dia. = 0.25 in, 6.4 mm)

fy=55ksi (379 MPa)
Clear cover=1in (25.4 mm)
fe=3.68ksi (25.4 MPa)

60in
{1520 mm)

60in
{1520 mm)

“
» <
il
we

Y A

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

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

L} T | L] 1] 15m
300
a 1000 =z
< 200 %
z s
L 2
100 00

0 . L A A 0
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 after testing. (After Gamble and Thomson, 1977, courtesy of the University of Hlinois at Urbana-

Champaign. )
°
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hl_- le—
h2
h1
! h2
[ =Max{_1
0 u
_t 6
450 mm
\N
ok 2 g P32 5
<r
P10 plo>
P13 pro-
L
/ Sk s g P36 571
u
hl
h2 i
T s Min 16 X 3= 255k 0 i 59
48 X <K 4labd
300 mm
| As required for shear
rhl
l 2
l" h2
\ % . 2 )
] \\gsﬂ ] S Mintg  Jsb s Ko o izes

24 X &Kyl
300 mm
As required for shear

o

18.4—Intermediate moment frames
18.4.3 Columns

18.4.3.3 At both ends of the column, hoops shall be CHAPTER 25—REINFORCEMENT DETAILS
provided at spacing s, over a length £, measured from the
joint face. Spacing s, shall not exceed the smallest of (a)
through (d): 25.7.2 Ties

25.7—Transverse reinforcement

(a) 8 times the diameter of the smallest longitudinal bar
enclosed
(b) 24 times the diameter of the hoop bar

Eﬁz\, ?;;E?llf of the smallest cross-sectional dimension of (a) Clear spacing of at least (4/3), doge

(d) 300 mm (b) Center-to-center spacing shall not exceed the least
of 16d; of longitudinal bar, 484}, of tie bar, and smallest
Length £, shall not be less than the greatest of (e), (f), and (g): dimension of member

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

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

(f) Maximum cross-sectional dimension of the column 25.7.2.2 Diameter of tic bar shall be at least (a) or (b):

(g) 450 mm (a) No. 10 enclosing No. 32 or smaller longitudinal bars
18.4.3.4 The first hoop shall be located not more than s,/2 (b) No. 13 enclosing No. 36 or larger longitudinal bars or
from the joint face. bundled longitudinal bars
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min h,/4, h,/4
hy J . | e
b
L2dM Iy 5.< e s abad
° 176 T 1 So O aio
:50 mm 1 As required for shear
b requirements in Table 18.7.5.4 of ACI-318-14
i, ts,
+— 100 =100+(322=5 <150 mm
min h,/4, h,/4 mm s $= 3/ )°
Tension lap —t s.< ) 64,
splice restricted I So {
to center half of As required for shear h,=Max{x;}
member length '\\
4 6d,
- 52 <4150 mm
-f_ As required for shear
)
IO
{ o

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:

s, =100 +( (18.7.5.3)

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

www.hoseinzadeh.net Y.¥

T W oS 9 Lng..\.:.g o d5.9 JSM) .b;‘}.a

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

3300
Iy = Max( ,600,450) = 600 mm
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100 ¢4

E 150 ¢

8 200 ¢r

250 (F

~¥10
— 3§18
Va3
Min( 6dy, 150, shear check) = Min(6 x 18,150) = 108 mm
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s < Min (8 X dp, 24 X dyje, 0.5 X gm0, 300, shear check)
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syt cale, wb 55 A4 L 5d12
s < Min(8 x 20,24 x 12,0.5 x 500,300) = 160 mm

Ay .
ol 2ol s () Dsels o (eioren

TXxX 122 w7 x82
>

<
5 e - S <180mm
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18.7.5.2 Transverse reinforcement shall be in accordance
with (a) through (f):

(a) Transverse reinforcement shall comprise either single
or overlapping spirals, circular hoops, or rectilinear hoops
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.

(d) Where rectilinear hoops or crossties are used, they
shall provide lateral support to longitudinal reinforcement
in accordance with 25.7.2.2 and 25.7.2.3.

(¢) 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.

(D Where P, > 0.34,f. or f.’ > 70 MPa in columns with
rectilinear hoops, every longitudinal bar or bundle of bars
around the perimeter of the column core shall have lateral
support provided by the corner 6f a hoop or by a seismic
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.

o059 Sldgiw LS sl p (Slol bl -)-0-)-

Alternate hook position of
each successive crosstie

90-degree
bend

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

135 degrees for all other hoops

(b) Hook shall engage longitudinal reinforcement and the

extension shall project into the interior of the stirrup or

hoop
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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
opposite sides of column.

« 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;

|

I
L— X X;

(@) P, < 0.3A,f. and f. <70 MPa
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« Every longitudinal bar around the perimeter of
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.

fozeobe ol

in xi Xi Xi ’!

(b) P, 20.3A,f  or f. > 70 MPa
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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 &rand confinement effective-
ness factor k&, are calculated according to Eq. (18.7.5.4a) and

(18.7.5.4b).
@k, = 1%+0_6 >1.0 (18.7.5.4a)
k, =—
®) k=373 (18.7.5.4b)

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 corer of hoops or by
seismic hooks.

6d,= 75 mm
: Ash1
. 6d,, extension l-
Table 18.7.5.4—Transverse reinforcement for 1
columns of special moment frames O © Vo] o ¢ o =
Transverse %
reinforcement Conditions Applicable expressions _f b,
P, <034, and | Greater of y , X. :
> /. A '
f.; <70 MPa (a) and (b) 0_3(—’4—1J—c (a) || sh2 — l
ch f:vt
Agylsb, for , }
rectilinear , Greatest of 0.09 A () X _’I
hoop Pu>034g or | (1) and I
£./>70 MPa ’ (c)’
P
0.2k k,—— (0
J yt““ch
P,<0.34,f and | Greater of 4 ,
JZ <70 MPa (d) and (e) | 0.45 (A—g— IJJJ:—C ()]
ch yt
A,=37 r2
ps for spiral or 0.12 Lc,
circular hoop | P,> 034, or Greatest o © —
c and (f) p Mu\u'ﬂ
0.35k L— (f) 95
! 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. A =27 r?

: Sio!
<

b, = cross-sectional dimension of member core
measured to the outside edges of the transverse

reinforcement composing area A, mm
A, = cross-sectional area of a member measured to the

outside edges of transverse reinforcement, mm?
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___'2[)(1125 Yoo (v
600 mm | O12at100 VOV (f
Y
90 mm _
w5k 0345 fe 51 yaS (g 5970 3505 Sl 28 L
A !
0.3 x (—9 —~ 1)f—c
Asn _ Acp Fyt
Gxb) - max ,
¢ l 0.09 x == J
F¢
0 (900 x 600 1) 0.004608
3 X — = 0.
Asn _ 810 x 510 400 _ 2
—————— = max - Agp, =373 mm
(100 x 810) 009x£—45
' 400
6d,2 75 mm A
6d,,extension1 [ sht
oY o o e o~
Xi
_f bc2
x4
Asha '
o o oo oldit
l‘_ Xi _’L_:; _’L_ X _‘l
(4]
Table 18.7.5.4—Transverse reinforcement for %
columns of special moment frames h§ﬁ
Transverse — : : : A =3mr
reinforcement Conditions Applicable expressions LI i sh™
P,<03A4,f. and | Greater of y £ '
f/<70MPa | (a)and (b) 0_3(—g—1J—f (a) Sl
Ach -/_;lt il ¢
Ag/sb, for £
rec}::)l:)near Pu> 034,f or (G)re?l’;;st 02 0.09—; (b) : < ;La;?v
P £>70 MPa a’(c)’an ”
P
0.2k k,—— (c)
e A =27mr?
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13l 0.3A5f7 51 oS i (5970 (9 4Kl (2,3 L
b, = 600 — 2(45) = 510 mm
Acp, = (510) mm

A !
0.3 X (—g - 1)f—c
Ae F

Ash = max yt
b !
(% be) 0.09 x L2
\ Fye )
{0 3 (6002 1) ( 25 ) 0.0072 |
A . 2 - = .
sh MaxJ 510 400 L - Ay, =367 mm?

25
0.09 X — = 0.005625

100 X510
l 400
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400 mm
100 mm
£ S0 mm (r
£ ]
o 0 mm (v
e 8925
- R0 mm ¥
Ve il
o Hlaie dle @
(400 — 2(40 + 10 + 12.5)) (350 — 137.5)
X = > =1375mm - h,=1375 - 54=100 +f =170

2l 150 mm 51 i sl 5o jlade

- 5o = 150 mm

Table 18.7.5.4 Ly, Lolul  alols s arlone 5 Jyus5 @

0.3 400° 1 (25)—00105
3><7T><52=Max 13202 400) ~

- s<70mm

§ %320 0.09 25 0.005625
. X—=0.
L 400 J
ol oo vy p ) 51 Slew 4l o LK alols n; JSs @ az g b
S 9
s1 < Min ,6 X dp, sg, shear check, Table 18.7.5.4

sy < Min(100, 6 x 25,150, shear check,70) = 70 mm

— .—h‘
hl
min h,/4, h,/4 h2
hl 1 6d,
h —+ b
,2dMm l 5,< e n
° 1,/6 T ! So Sgiw &ado
4'50 mm } As required for shear
— requirements in Table 18.7.5.4 of ACI-318-14
1, —}_—52
— 100 =100+ (332=" <150 mm
min h,/4, hy/4 mms 5,=100+ 7—
Tension lap —+ s.< 6d,
splice restricted T 7, {
to center half of As required for shear he=NMax{x;}
\

member length ——

N

4 QN /o] ® 43] ® =
—+ 6d, r!
[
—_ 52 £< 150 mm _f
T {As required for shear o | x b
Iy '
1= L

1 1 L_xi—’l‘—bxi—’l'—xi—’l
2
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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
Vs column column
dfr2 3h/4
<033,[f’h,d | Lesser of:
600
di4 3h/8
> 0.33\/Z’bwd Lesser of:
300
www.hoseinzadeh.net YY)
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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 Volumetric spiral reinforcement ratio py shall
satisfy Eq. (25.7.3.3).

A ’
p. 20.45(—*’—1jf—"
. 27

ch yt

(25.7.3.3)

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).

@ &, =7 106210 (18.7.5.4a)
175
n
®) k, = P (18.7.5.4b)
1

Table 18.7.5.4—Transverse reinforcement for
columns of special moment frames

Transverse

reinforcement Conditions Applicable expressions

P,<0.34¢f and
J¢ <70 MPa

Greater of
(d) and (e)

A
o.45[ACh —1]— ()

v

ps for spiral or

. Greatest 0.1 ZL ©
circular hoop

of (d), (¢), "

wnd® 0,35k, L=
: S

P,>0.34,f or
£/>70 MPa

®

wen

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

ratio of volume of spiral reinforcement to total
volume of core confined by the spiral, measured
out-to-out of spirals

Ps =

www.hoseinzadeh.net VO

5,5 Sldgiw 0 b g )90 abold Lulgs 7Y

d? A ’
ps == 20.45(—’{—114
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039 SN b Dot

A ’
0.45 [—g - 1] S
Ach f;lt

2

d, ’
Ag= nD%/4  |ps == >Max{ o120

, D.S ?
Ac.=nD;/4 p
0.35k, —*

‘ v \ch

P,>0.34,f, or

£.'>70 MPa

25mm <P < 75mm]
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25.2—Minimum spacing of reinforcement

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

25.2.2 For parallel 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
lin.

25.2.3 For longitudinal reinforcement in columns, pedes-

tals, struts, and boundary clements in walls, clear spacing
between bars shall be at least the greatest of 1.5 in., 1.5d,,

and (4/3)d g,
Second layer
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e e e d
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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 minimum 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
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
reinforcement is limited to ensure that concrete can be

VR

1625
d ® cuculvcly LUIlbUlludlCu around wne Ddrb anu to ensure l[ld,l.
o \o/ : ] columns designed according to the Code are similar to the
-~ test specimens by which the Code was calibrated. The 0.08
b=600 limit applies at all sections, including splice regions, and
mm can also be considered a practical maximum for longitu-
X252 dinal reinforcement in terms of economy and requirements
16 X ( 4 ) for placing. Longitudinal reinforcement in columns should

=0.022 < 0.08

Lh 500 X 600 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
rplnfnrnamnﬂlf c!’\q" bhe at leact 0.014 but cl'\a" not exceed

UL CCIIN UV 4t iCast vevasiig Uul 11Uv CACCCUG

0.084,.

530 mm
500 mm

d=

::>

0.01<p=

D98 oo 9990 0.06 @ eiw Job o Koo 2STas oy ot Ll slesginw ;o ippe 4S5
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,.
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5000 x 103 < 24.31B? — 453<B
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18.7—Columns of special moment frames

18.7.2 Dimensional limits
18.7.2.1 Columns shall satisfy (a) and (b):

be at least 300 mm

the perpendicular dimension shall be at least 0.4.

(a) The shortest cross-sectional dimension, measured on a
straight line passing through the geometric centroid, shall

(b) The ratio of the shortest cross-sectional dimension to|

ol e b glagleist ylgs F-YY-4
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18.6—Beams of special moment frames
18.6.2 Dimensional limits
18.6.2.1 Beams shall satisfy (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 0.75c¢;.
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CHAPTER 10—COLUMNS
10.7—Reinforcement detailing
10.7.4 Offset bent longitudinal reinforcement

10.7.4.1 The slope of the inclined portion of an offset
bent longitudinal bar relative to the longitudinal axis of the
column shall not exceed 1 in 6. Portions of bar above and
below an offset shall be parallel to axis of column.

10.7.4.2 If the column face is offset 75 mm or more, longi-
tudinal bars shall not be offset bent and separate dowels,

lap spliced with the longitudinal bars adjacent to the offset
column faces, shall be provided.
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s &5 oy > @By = 90.8[0.85f (4, — As) + FAq]

zy90 b ogiw = @P, = ©0.85[0.85f, (A, — As) + E,Ag]

22.4.2 Maximum axial compressive strength

22.4.2.1 Nominal axial compressive strength P, shall not
exceed P, mq 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 )
Ties conforming to
22.42.4 0'8(”(“ @)
Nonprestressed ; :
Spirals conforming to 0.85P, \\ (b)
22425 N

= 0.65 x 0.8[0.85f,A, + (F, — 0.85f,)A;]
= 0.75 x 0.85[0.85f/4, + (F, — 0.85f)A;]

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.

0

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 A, is the total area of nonprestressed longitudinal

(22.4.2.2)

D9 (0 dmlme p5 D90 4 (Ghed e Al RES) (LS Cwglie
@Py = @F,A; = 0.9F, A,

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 Py, .y, calculated by:

P, nt,max ~—

f yAsl + (/,;e + Aﬂ)Apt

(22.4.3.1)

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

nonprestressed members.
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aled oy 35 alalie sl 1) (5597 (53,5 9 LieS (1Sl Hloged
Ag = 400 x 400 = 160000 mm?
Asl = As2 = 4w X 14? = 2462 mm?
f! = 25MPa
F, = 400MPa

. & DUnIﬁrmcmmmsskm
Sou
. —

=]

b

[2‘.1
Balanced failure
/ 400mm.
ldz = 64 mm
[_

400 mm

Axial load resistance, P,

Moment res:stance, M,

di1 =336 mm

(A aai) Hgiw (5,lad Cuoglin dwloe -
P, = 0.85 x 25(160000 — 2 X 2462) + 400 X (2462 x 2) = 5265729 N = 5265kN

B dhi o iz g g,lid Cooglin anle -Y
g1 =0
(336 — 64)
336
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

£sy = x 0.003 = 0.0024

h a h
Mg =C, X (E - E) + Cs X (E - 64) = 265728295 = 266 kN.m
@Mp = 0.65 X266 =172.72kN.m
==t =0.00 3m=—p
® © o o '4=0.0024 s
e a = (.85
X=
® © o o 7
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400

5yl Sixin gyl Y

£g; = 0.002
£s, = 0.002048

3
X = gx 336 = 201.6 mm

a = 0.85x =0.85x 201.6 =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
Tg = 2462 x (400) = 985203 = 985.2 kN

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

@P; = 0.65 X 1404 = 912.7 kN

h a

h h
My = C. X (— - —) + Cs X (— - 64) + Tg X (d _E> = 427371184 = 427.37 kN.m

2 2 2

@My = 0.65 x 42737 =277.79 kN.m

0.85f'c

fs

40003
64 =
® o o o
x=2D1.6
e o o o —
£s=0.002
g1 = 0.005

&, = 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

T = 2462 X (400) = 985.2 kN

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

@Pp = 0.9 Xx599.98 = 540 kN.m

h a h h
MD:ccx(———)+cs><(——64)+Tsx(d—§)=359.086k1v.m

2 2 2

@Mp = 0.9 x 359.086 = 323.18 kN.m

64

0.85fc

—

fs

£s=0.005
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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 (x 2 % 0,003 x 2 x 105 — 0.85 25) N
Ts = 2462 X (400) = 985203 N985.2 kN
Pp=C,4Cs—T,;=0 - C.+Cs=T,
2 % 0.003 x 2 x 105 — 0.85 25) =985203 - x =87.9333mm
C. = 7225x = 635.32 kN
2 40,003 x 2 x 10° — 0.85 25) = 349.88 kN

a = 0.85x = 74.74mm

x
7225x + 2462 X (

X
Cs = 2462 x(

Mp=Cox(5-2)+Cox (2-64) + Ty x (d—2) = 28489 kN.m

My = Cox (d—2)+Cs x (d — 64) = 28489 kN.m

@Mg = 0.9 X 284.89 = 256.4 kN.m
- 0.85fc

a=0.85x fo=¢'s*Es

® & o o X £'=(x-d'yx"0.03

400

e o o o : | fs=Fy

Es

www .hoseinzadeh.net YYA A3l oo faiane OLS ol Llae 5l glop (S 465 0



5yl Sixin gyl Y

el 00l sy ) S0 50 gl rals ol o Jlesl 5l s L3 Jle yiaS 08l e

P
(kN)
5000
4500
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3000
2500 S~ \
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1500 N
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1000 N
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-1000 ,/
-1500 //
-2000

-2500

21.2.2 Strength reduction factor for moment, axial force,
or combined moment and axial force shall be in accordance

with Table 21.2.2.

21.2.2.1 For deformed reinforcement, &, shall be f/E;.
For Grade 420 deformed reinforcement, it shall be permitted

(M, P
(0.9M,, 0.9P,)

Axial load, P

Acceptable
region

—
e

e

(0.65M,, 0.65P,)

/ Moment, M

to take &, equal to 0.002.
Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force
¢
Type of transverse reinforcement
Net tensile stain &, Classification Spirals conforming to 25.7.3 Other
<&y Compression-controlled 0.75 (a) 0.65 ®)
(Sr - sty) (8, - sty)
itionl!! 0.75+0.15—— 0.65+025———
£, <& <0.005 Transition (0.005—¢,) () (0.005—¢,) @
g >0.005 Tension-controlled 0.90 (e) 0.90 ®
MFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.
&cy = 0.003 Compression
[
¢ ¢
A
—_— 0.90
d;
> 0.751
0.65 -
Compression Tension
| & controlied — N Transition | controlled
N F — - >
—Reinforcement closest &= &y &=0.005

to the tension face

Fig. R21.2.2a Strain distribution and net tensile strain in a
nonprestressed member.
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Fig. R21.2.2b Variation of ¢ with net tensile strain in

extreme lension reinforcement, &,
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Pll
3 Plastic

centroV
e

y

555 S5 g, AT

interaction
curves

Failure : ‘
== surface Z Z ‘ Failure surface
% S(Py.ey,e,) 2 Failure surface - n Mnx . M

)
ny
‘== S, (I/Pyey, ey)

=-e,

(a) Failure Surface S; (b) Reciprocal Failure Surface S, (c) Failure Surface S5
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My s MX (lejon sl S 51 comi (i (555700 Zod )b Py
This equation is simple in form and the variables are easily determined. Axial load strengths P, , P, , and P,
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.If]A
n fcAg 8
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Sb 2 gl e -Y-Y

/ | =5 P, - M, interaction curves
P e ——

== Failure surface Sz

= Plane at constant P,

Mr_\_ox.:

y‘
|

Load contour

i

" So

IH

=

»

(@ =) 9,5 eolial o abal, 5l g5 oo o arog ok
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 )“ <Mny >“
+ =1
MnOxl MnOy

1.0 ——
\\k o
os NN NI Ry
' AR \
o 0 \
0.6 N
Mny 0\\/
Mnoy
04
0.2 \
0 0.2 04 06 0.8 1.0
Mnx
MnOx
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PCA L po sovio g, -T-)Y

A
10[% B)*+P)*=1 - (P)*=05 - aln(Bf)=Ln0.5
B B
Load contour Ln(0.5) (1)
Mny 4 a = ,8 = 0.5\
Mnoy Ln(B)
B
5 = ._,T'. S e e "_ =
Uniaxial moment strength =
about x axis = Mpex S
2 about y axis = Mngy 5
Biaxial moment strength Bt -
bout x axis = Mpy = =
Tl oboutyaxissun,  EEEEEEEN
0 d 2 3 4 ; V”.VG 7 8 ;— I 0
Mnx
MI'IO‘
M, Y(1-B). M M 1— M M M
c [me](T)+ M_r:; - X ( B) +—L =1for —~ > —%
1.0 Mpox \ B noy nx  Mpox
B
B
M (1-B)
Mpy M, x ( noy) _B + My, = Mpgy
B Mox Mnoy B {}
45% A b (1 - B\
M 1.0 Mux = | Moy = Mgy
Miox \ B J

For lightly loaded columns, 8 will generally vary from 0.55 to about 0.70. Hence, a value of 0.65 for f is generally a
good initial choice in a biaxial bending analysis.
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B, = 5400 kN M,, = 41148 kN.m My, = 171.45 kN.m
Dl e (S 09, b U
D9 g0 03 (yedd adaie olul (g 90 Jb 4 axgi L
A, > 5400000 372670 2 USE 600 x 600
= mm g mm
€7 0.45(28 + .01 x 400)
_600—2X64_0787
=7 600
P, =5400 kN , Moux = 411.48 + ;T'S x 171.45 = 503.8 kN.m
B, 5400000 15 MP 914 ksi Moux 503.8 x 10° 5 33MP 0.33 ksi
_——_— = a=2. st , = = 4. a=\u. S
bh ~ 600 X 600 Y b 6003 '
Use 16 928 - 2.73%
0 R-4-60-0.9
. fo=4ksi h
;yiggkm ° .‘y-h. [
3.5 'e/h = 0.1 b]§01-§:
I ~ [ﬁ
rg = 004 TN S| =02
W A R 2
L1 >XX 1T N eh-6s L1
_ pg = 0.02 L ~N N ‘
F ! ee i N Ll
P X NN R T
N X-TT N [en-08 pus
15 = 051, 21N Dv= N \) = I =
‘ | B s L ein=07
1.0 coP et e TSI N R eth—1-T" 1|
I = S
‘Ten‘s.IC‘c ht. Limi =] /’h_';;"“ = %2___ _S”/ NN N
05 il | /?f ///;// iERRnn 3598 ~
/ LA d i
P I i L/ 7 i /
=i A A P4 d /
[+] 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
oM,
[
40 fo=4ksi h
yooast [om
pg=0.05 ™ T ji_|’
L
30 ~ — v, 4 [
L A
257 ":‘0'03‘ % N =
—}0.04} BN e/h=0.3
5 — A N\
2 o= d D N\
ols 20les~ 001 £=0 il N\ \ elh=04 LT
/ PaN )X \
15 / N~ == N, ‘e/h:(‘).s
‘ | y‘ ".7\ *(/ f ‘Ih:c7////
1] DY, AN N —
1.0 Comp. Cont, Lim \ | | i ]
TN SN N2
Tens. Comll_lﬁ = ,,) :’7<f< = /> T ™
05 > = = - S N
///j// /” / /) ~— Ll
= 7 7
[+] 01 0.2 03 0.4 0.5 0.6 0.7 08 09 1.0
My
bh?’
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P, = 0.85f/(600%) + (F, — 0.85f,)9852 = 12471.37 KN

nx 411.48 x 10°

- P
=0.105 -—1%X=0.92

* I I I I INTERACTION DIAGRAM R4-60.8 h —
=g e 7 | 722~ 0.65 x 28 x 6003 F7bh
18 P\ N fy=60ksi e o o
NN _ , _
NL006 N Poox =092 x 28 X 600° = 9273600 N = 9273.6 kN
Pll
14 005 \\ - %
\\ 0% O\ X L] Mny 17145 x 10 P,
12 A \ - = =0.0436 »>—-—=1.1
: b \ Q/\ F7bhZ ~ 0.65 x 28 X 6003 bk
= 10 0.02 NG \ AN 3'25
TR
M § o_m]\\
03 P N\ &% Proy = 1.1 X 28 X 600% = 11088000 N = 11088 kN
06 ><\ \>>%<\ \\0_75
TSN
) oy ﬁLLl ) \ \
02 € =0.0§50
14 7“7’7 ### ~ @P, = 5516.1 kN
o A /
0.00 0.05 0.10 0.15 0. 0.25 030 035 0.40 045
R,=Pe[fAh
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that story due to V.

AY Glg ¥
maximum factored sustained 04E I
shear within a story (ED),, = - £
ﬁdf = N . 1 + B ds
maximum factored story shear associated
with the same load combination (02E1,+E]I,)
(EI )qf =
1 + B ds
20-yp,
> P, is the summation of all the Foryp, <2, k= "Y1 [Ty, _ EI
. . 20 (ED),, =
factored vertical loads in a story | |gory,, >2,k=091+v,, 1+B,,
AN T
1
(a) 8S=mzl \\ P_nz(EI)eﬂ
_ =
If &, exceeds 1.5, ) N *k¢E,)
only (b) or (c) () o, = sp 2 1 \
. 1 _ u o .

A, first-order relative shall be permitted 0.752P =— 2P is the sumr'na.tlon
lateral deflection between . . for all sway-resisting
the top and the bottom of (¢) Second-order elastic analysis | | columns in a story

ke ” M, = M, 5 + M [M, shall not exceed 1.4( M., + M;) ]
> =
2P, total factored r My = Mops + 8, My (M, shall not exceed 1.4( My, + My, ) |
vertical load
ke,
AN 0>005 |k _,, E> My=M, My,=M,
0= XP A, g
Ve
/ us’c ke . 40 M _ M
= 0<0.05 “< Min| ke, e~ M2
V.s horizontal r - <34+12(M,/M,) [8 shall not exceed 1.4 ]
story shear
40 (Mo, in=Pu(15 + 0.03h) |

ke, 7

Min| ke [> _ .
r “ <34+12(M,/M,) M= (M, . Momin)
,

columns without transverse
loads between supports

columns with transverse C.=1.0
= 1.

C =0.6 04]‘/1I
n= 0604 Y

2 u

www.hoseinzadeh.net

U U loads between supports. 04E I
v ( EI)qf — 1 cg
M—‘ < % > For nonsway members, & shall +Buns
Al
! be permitted to be taken as 1.0 (02EI, +EI)
_ c'g s” se
: (ED) 4 = 146
maximum factored dns
sustained axial load E I
Bans = - B : (ED),, =—=
maximum factored axial load associated T 1+B
with the same load combination dns
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k=min [ 0.7 + 0.1W,,0.85 + 0.05 y;, | < 1.0

EI
==C0LS
Le
EI
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08— 1 L 08
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0.6 1 , N Y
14 k 107
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0- Los L o

Figure 11-9 Effective Length Factors for Compression Members in a Nonsway Frame

Fory,, <2,k= %lem Fory,, >2,k=091+y,

EI
oo
Vo= Zlc
Elpeams
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© 0
] F 200 r
100.0 * L
E P fmg
30.0 4 1+ 50 = 300
20.0 + 40 - 200
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80 -
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50 ¥, k sl s0
4~0‘_‘ 4+ 20 40
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i 4 15
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Figure 11-10 Effective Length Factors for Compression Members in a Sway Frame
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C il
X Failure
/

Axial load, P
N

(o] Moment, M
(a) “Rapid-sustained-rapid” loading history.
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«— Failure

Axial load, P

(0] Moment, M
(b) Creep buckling.
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B dns =% 7Y
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 dalgs eolainl g dwle Bdns oyl WD Dganto 0D g (gt S

A dalg oolaiwl g dwloee Bds oy bl oo e et 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):

0AL,
(@ (ED) 4 =

— £ 6.64.44
1 + Bdns ( a)
(02E1 +EL)
(b) (ED),, = ¢ (6.6.4.4.4b)
1 + Bdns
E]Tl
EN  =—= 6.64.4.4
(©) (ED) 4 5B, ( c)

where P, 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
A4 M P
Columns | 1o 1| ggo+252e || 1- e _gs5te 0.8751,
and walls 2 4, Ph P g
Beams,
flat plates b
? 0.10+25p)| 1.2-02—>|I
and flat 0.251, (0.10+ p)( " ] f 0.5I,
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 .

Sl oo ool ﬂdns oo | Elppr anulons jo NONSWay) ol ool Jloe 5w a5 (S50 ;0 398 Olawbre )0 ippe 4355 @

Ec;lg:ESIISE uL“S‘ Pc[ _ (1 + ﬁdns)ll _ (1
Py (A +Ba)r (1+25)
1
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6.6.3.1 I'actored load analysis

6.6.3.1.1 Moment of inertia and cross-sectional arca
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
is used. If sustained lateral loads are present, I for columns
and walls shall be divided by (1 + B), where By is 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 0.351, 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
A M P
Columns | .o, 0.80+25° || 1-—*_05= 0.8751
and walls & 4, Bh 1 :
Beams,
flat plates b
’ 0.10+25p)| 1.2-02—>=|I
and flat 0251, (0.10+ p)[ ” J . 0.51,
slabs

Notes: For continuous flexural members, f shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. £, and A,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of I.
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e | =——46m = 500 x 400 mm : .5 ks
3 Py = 800 kN
P, = 400 kN
£ Pr = £300 kN
N
[3p]
77 rr7s
1.2D+1.6L b oS 5 5l s (il
l, =3200mm -\
1.2 X800
Bans = 1.2 X800+1.6X400 06<1 -¥
. 0.4x(4700yZ5)x (22
Elyfy = popt = — B5) _ 125333 x 10 mmt -+
dns .
EI
Voo, = (T)wlumn _ 07Wcotumn o (Dpeam  _ 0.7x400 5000 _ , ¢
top ™ (%)b N 0.35(Dpeam (L)cotumn B 0.35x500 3400 - l/)m = 1675 -f
Ypor =1
K = min(0.7 + 0.1 x 1.675,0.85 4+ 0.05 x 1,1) = 0.8675 -b
_ mPElepr  _ _ m?x1.25333x10%3 _ _ 1
¢ = ap? — Fe = Tosersxazont 16051893 N = 16052 kN -
A2DHLAE L S 5 Jlcos (o
I, = 3200 mm
~ 1.2 x 800 0sE <1
Pans =17 B00 + 400 +300
4
0.4 X 4700V25 x =2~ y
El = = 1.2708 x 10
1+ 0578
P. = mEl =P = 7’ X 1.2708 x 107 = 16275638 N = 16276 kN
€ (kL)? "¢ (0.8675x3200)2 B
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(a) Column.

A -

(b) Maximum (e + 5)
occurs between
the ends of the
column.

«(Sway) (Sl ko (9o oL»

«(Nonsway) s> ;Lo b ojlu»
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Original position of frame
element shown by vertical

line f—\‘

A

Position of frame element
as a result of global lateral

translation, A, shown by
dashed line S

4

e, = Max e = Max(e + &)

—

Max &

A= &

P
(c) Maximum (e + 5)
occurs at one (a) Deflected by M.
end of the column.
column.

P6 5 PA oy -f-\f

|« Final deflected position of the
frame element that includes the
global lateral translation, A, and
the local deformation of the

element, &

P{8o + 34)

(¢) P-56 Moments.
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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

kt
L <22 (6.2.5a)
r
(b) For columns braced against sidesway M < - M, >
My M,
ke
" < 34+12(M,/M,) (6.2.5b) (\ (\\
r \\ \\
\ i
al’ld \\l //’
1
kt !
* <40 (6.2.5¢) ! /
¥ / l’
|
where M,/M, is negative if the column is bent in single / \\
curvature, and positive for double curvature. b \j
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Jib Sl wgai liid o guie ol 3 (522 S Ol 4K slpr 000 00 SRS Fullaa M=M,
a8 Hhaij aladis am 0.3 ply el ) glad) Sall 25005 ) dlael 5l Sealad 4 sl T af;l
i\”l (bc = 0.65 4954

6.0m

2.65m (v

48m(

Mch 55m(

Voauys
L, 1x1, M,
—=———| < Min [40, 34 +12 (—)]
( T 0.3 x 400) M,
l, <120Min [40,34 + 12(+1)] = 4800 mm
U0 Slewlxs
9 5% 5.0 guiac 131 Jab g K= 1.0 a5 3,000 33 0dylgn zeluano oy (5L dnlad Sy ,0-Y
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L, 5000mm
(x

. M,
?— 1m—4166> > Min (34+12— , 40)

M,

S5 b o (5,8Y SIS 50,5 jekate a4 (65l LT aS anled (s ) g 5o i e
.(Nonsway) d.;j,w P Py ‘5~JL> )Le(n Ls > ULB 9 00g2 kSWJ" )Iﬁb 6‘)& o)’L.u
400 x 400 mm ;5 olal

0.4m 04m
L e —— 500 x 400 mm : 5 ke
S N Tp—top = 400 kN Mp_por = 200 kN
: Uy —op = 200 kN M, _py; = 100 kN
- lg—cop = £80 kN Mg_por = +80 kN
™ -\
iJ=
M1 M2 | M1/M2
1.4D 280 560 0.5
120+1.6L | 400 800 0.5
1.2D+L4E | 420 760 | 0.552632
12D+LE | 260 600 | 0.433333
Kb, _ 08675 %3200 _ )5 13] < [34— 12 x 0.5526 = 27.37]
r 0.3 x 400 _
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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:

A
= 6.6.4.4.1
O=—5 ( )

us ¢

where ) P, and ¥, arc 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) is satisfied:

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

(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05

www.hoseinzadeh.net Y& Al oo Egian OLS pl Cllae 5l g lo s (S aisS o
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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 factored moment M,
amplified for the effects of member curvature.
M. =M, (6.6.4.5.1)

6.6.4.5.2 Magnification factor & shall be calculated by:

C
§=—"—210 (6.64.5.2)
1_ u
0.75P

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

:(Q<0.05) ouls )l.e,o 6[.@{43 BBt HIR VWA -Y-\¥

(a) For columns without transversc loads applied between
supports

(6.6.4.53a)

6.6.4.4.3 The effective length factor k shall be calculated
using E, in accordance with 19.2.2 and [ in accordance with
6.6.3.1.1. For nonsway members, k shall be permitted to be
taken as 1.0, and for sway members, k shall be at least 1.0.

M
C,=06-04—1
M

2

where M/Mj 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 transverse loads applicd between
supports.

C,=1.0 (6.6.4.5.3b)
6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M5 i, calcu-
lated according to Eq. (6.6.4.5.4) about cach axis separately.
My min = P15 +0.03h) (6.6.4.5.4)
If My min 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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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 - Mlm‘ + 8les (66461&)
(b) My = My, + &My, (6.6.4.6.1b)

6.6.4.6.2 The moment magnifier &, shall be calculated by
(a), (b), or (c). If 85 exceeds 1.5, only (b) or (c) shall be

permitted:
(@9, = % >1 (6.6.4.6.2a)
) & = ;ZP >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 determined 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 B, substituted

for Bays.
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il pleale 3 () goi) gade bl Jobd a3 ORY slagiw (2l 50 15 EY Fl e 30 alw 3l 1A

fasf pe Jos pes 5l S Glolihl g 52 5 slgen pob phas wasl (T £4i)
Y gg (4

Y goi (1

0 fo Ll g B mnd g Foa (T

0,4 geie 5 ypoma Jl Glies a1 Sy (F

www .hoseinzadeh.net Yoy A3l oo faiane OLS ol Llas 5l glop S AsS 0



Y slsgiw) TAY

WAY 2) by Slobme,
Sadiund g 113 (U g 3 Kol i ller 65 3o b o okt ol S sldgins 50 SR W glp - TP

oty y 50 53 1 oy 3 g S MRS o b daslona by g 00,90 Cows 4y ) i b S gl 4 o Sa¥IUT S L O

.M)’.{u& Sy ‘) G.Sl.& KPREN] )SJ .ﬁJbT j’ ol

.Mwwgw&kqw}dal,u@,ao”] ;:..»ql,o,;.u)a,id‘(P—A LT dpgo ayo SVl LT S0 L (Y

i e oA Al 93085 S Gl 4 g 00yl s w1, gt 2 S oJalS o LT Sy L (Y
398 590 a0 (F
Fans

6.2.3 Methods of analysis permitted by this chapter shall

be (a) through (e):

www.hoseinzadeh.net

(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

(e) Finite element in 6.9
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Sway Non-sway
Frame Frame
v Neglect v ké,/fr<
ke, It < 22 es ! £3
u Slenderness 34 +12(M; /M) < 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

o3l dwain ;o Wb &jgan! e 0 0eh adgl K plp 14 51 i wls waisd 5l e S el ol Bl to pas

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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maximum factored sustained EI
shear within a story (ED),, = —£
Bds = N . 1 + B ds
maximum factored story shear associated
with the same load combination £ = (0.2E.1 . TEI )
( )eﬁ— - 1 + B ds

> P, is the summation of a

factored vertical loads in a story

1l the Foryp, <2,k= 20;(;" =l yn,

Fory,, >2,k=091+y,

N\

only (b) or (¢)

A, first-order relative
lateral deflection between

the top and the bottom of
that story due to V

shall be permitted

1
a)d =——2>1
e
If 0, exceeds 1.5,

L e 1 o
(0) o, =—=x5p 21
1= 0.75£1P - Zi’c is the summation

for all sway-resisting

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

> P, total factored
vertical load

V.s horizontal
story shear

ke
\Q / Q>0.05 Ma i) |:> M, =M, M, =M,

ke
= >22

7
7

0<0.05 ke, < Min

r

ke, > Min

r

M; = M+ 8,Mys | M, shall not exceed 1.4( My, + M,,) |
My = Myus + 8,Mo (M, shall not exceed 1.4( My, + M) |

40

keu E> M. =M,
T < 34+12(M, /M) [8 shall not exceed 1.4 ]
40 (My,in = P.(15 +0.03h) ]

ke, _ £
“ <34+12(M,/M,) |$Mc 8( My . Momin)

columns without transverse
loads between supports

columns with transverse
loads between supports.

r

— 1
C,=06-04—"|/

www.hoseinzadeh.net

) __~h
0.75P,
C,=10
04E,
(ED),, £
For nonsway members, k shall 14B
be permitted to be taken as 1.0

(02E1, +E,I,)

(EI)W_ — s se
maximum factored 148,
sustained axial load E
Bdns = . R N ( EI) — c
maximum factored axial load associated AN B
) . s
with the same load combination
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f. = 28 MPa; F, = 420MPa

S8l o S MM s 55 1 o San b s (il (e oS S 23
500 mm= .5 5, « 600 mm=,5 glas | :aSan ail o b 5 ol adnie olal
600x600 mm : ol ails 5.5 g aSan dib 1o ligin alaie ool

[, = 7700mm =(aib STG LST) iSon aib 45 st Jsb

Ly = 7700 — 22 = 7400 mm =GiSen o5 alls Jsbo

ol ool a8 5 L 0 cutte 0,5 Ceelo gy b S cdle .l odal ) Jgax 0 C3 g sl )l cu o hed 5 g (5595 L
Ll QMT Cawdy [{br.: 6‘]; 03515LQ.»5.~M: 6‘).: 07I UJ;).’GJ)OﬁJ5| d.,..:fo )JL:T le.w‘].: @L..: U‘)‘

Axial load (kN) | M-top (kN.m) | M-bot (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
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| | | | | I EEe i A I
R FE N S DU |
® C 0" I
I || || || || | gl [ |
A | | | | N | AR i
2| Wl i [l |l I | © =Sl s A s = P S
| || || || || | E N X N |
g [ |
g ol || || || | | < ! X ! |
2 I JC_JC 1| @
o || || || || | @
=) -]
ol || || || || | ®
Al Il I || | | g
£ 2
: I | | R | e
© ol . ®

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, (, shall be calcu-

lated by:
IPA
=—t2 6.6.44.1
Q vt ( )
where ) P, and ¥, are the total factored vertical load and A, first-order relative
horizontal story shear, respectively, in the story being eval- lateral deflection between
uvated, and A, is the first-order relative lateral deflection the top and the bottom of
between the top and the bottom of that story due to V. that story due to V.
6.6.4.3 It shall be permitted to analyze columns and stories 2P, total factored
. 4 ¢ . sfied: vertical load Sway
in structures as nonsway frames if (a) or (b) is satisfied: \w‘ 71 05005
. ] 2P A
(a) The increase in column end moments due to second- Q="
order effects does not exceed 5 percent of the first-order Vb
end moments - 0<0.05
) ; V.s horizontal Nonswa
(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05 story shear y

sl 00 dlime 5 Jgaz )0 e abib (gl Guail (L8 azio o Altie Sledbl 4 4z g5 b
Z P, = 1.22 Py + 0.52 P, =1.2x 168169 + 0.5 X 16240 = 209922.8 kN
aie & y50 b Vs = 19100 kN
alins O yg0 b Ag= 5 mm |
s &0 3k [, = 6700 mm )

_ R4
Vl.lSlC

- Q = 0.0082 < 0.05 - (Nonsway) oo ,le
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09l owyp 1L 6.2.5.¢ 36.2.5b Ly, 5l P-delta Sl Jlasl pg3) cpl by 5 ol oo NONSWaY) 00 |lgo 05l
6.2.5 Slenderness effects shall be permitted to be neglected

if (a) or (b) is satisfied:

(a) For columns not braced against sidesway

K, <22 (6.2.52)
-
: : ke MI:Mlns+8les
(b) For columns braced against sidesway T’ >22 My = My, + 8, M,
ke Sway .
TS 34+12(M,/M,) (625b) | ©>0.05 % <» M=M= M,
and 40
ke . —
0<0.05 | —< Min| ke, |:>Mc—Mz
ke, <40 (6.2.5¢c) |Nonsway | 7 (TSMHZ(M'/MZ))
,
where M;/M, is negative if the column is bent in single ke, Mi 40
curvature, and positive for double curvature. ;o m\ ke, <34+12(M,/M,) |$ M, =3(M; . Mamin)
r
9l (o0 arlos B3 (g (6,8 Tl 98 Laly, J5uS oo
I )
r= |z=03 (652 ax) = 0.3 X 600 = 1800 mm KL
— = 35.56
K=1 | r
Ssiw 33T Jsb 1, = 6400 mm )
0,5 yokaie &l K jlade oleie oo Jlpe slo o3l jou
Sl 0als ploxl 3 Jeaz o e o )b oS 5 ol 6,2 S
M-top | M-bot Min {34 + 1200,/M1) KL,
(kN.m) | (kN.m) | Curvature | M1 M2 n 40 r Slender?
1.4D 1.92 1.34 double 134 | 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

el (ol ylez Jb S 5 50 6,8Y Bl 0,5 jshate cplplo g all (oo ool el 0> ) i et 6,8Y o ler Jb oS S 0

Kl,
- = 35.56 > 32.02 — Slender
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4 LS5 e anl wass K asle =Y
:1.2D+0.5L-E L S5 jlcos

4E1
g, = 1.2D 0917 4 =5.6034 x 103
dns — - U

12D+ 05L—E 1+ Bans
E = 4700+/f] = 24870 MPa

=800 08 x 1010 mme
9T 12" 12 ~ ¢ mml
eff

i ogr wals> ply G Sl 5k

T[ZEIeff
=———=-=13502000 N = 13502 kN

° (kLu)z CM
Cy = 0.6+ 0.4 457 _ 0.6994 Ons = P = 1766
w=06+04X 0= 0. 1~ 57
P, = 6161.75 kN )

g o oolitul B o s Sl Elepp annloe o (NONSWAY) w3l 00l los (5w 45 (590 59 (558 Slowlrs )0 g 4555 @
A5 walys oslanl B cu s 3l s cnl yo (SWay) wil s e aiils ST s

0.4E,I,
@ (ED 4 = 1B
dns

_(02EI,+E],)

(a) For columns without transverse C —0.6—04 M,
loads applied between supports T M

2 (b) (El)q?r — 1 s se
(b) For columns with transverse C.=10 +B
loads applied between supports. o El
(C) (ET )eﬁr = -
1+Bdns
) 1%
P T (El),,
A ¢ (ke,)’
C
=" >
) — 1.0 /
0.75P<—""]

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.

M) pin = P.(15 + 0.03h) (6.6.4.5.4)
If My 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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b gle S ale —F

Axial load (kN) | M-top (kN.m) | M-bot (kN.m) | M-min Sns | 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

.M,a}‘}/)idqg'm\”sﬂ\ syl eus o
adgl a5 05l oy b wpais Gl L8 cpiie 05h s0td b (Jol 4 ye K) oads dlee S b S8 oo azgi LT JL oS5 0

wils Pl 5l xS
M., = 18.38
Mpor = —4.57 M, = 6M, = 1.78 x 203.34
M = P,(15 + 0.03h) = 6161.75(15 + 0.03 X 600) = 203.34 kN.m
=3623kN.m
04E,1,
@) (ED), = 1B
(a) For columns without transverse M, ans
) C,=06-04—
loads applied between supports M, (b) (ED),, = (02E1,+E]I,)
o =
(b) For columns with transverse C. =10 1+ B
loads applied between supports. " EI
©) (ED)yy =—
1+ Bdns

/

c

4

_W(ED,

(ke,)’

C
=7 >
5 — 7 >1.0 /

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.

Mo, in = Po(15 + 0.03h) (6.6.4.5.4)

If My 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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O Sl psY 0,8l do )0 dilne -0

Pu (kN) Mu (kN.m) Pu/bh (Mpa) Pu/bh (ksi) Mu/bh”2 (Mpa) | Mu/bh”2 (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

ooyl e solatul 25 o Kl 5l 4l 5,8 L

600 — 2 x 62.5 0.7917
y=——7"7-——=0.
600
R—4-60-0.75
4.0
. — 4 ksi h
’Yf 60 ksi m
y=0.75 n——
ITEEX]
35 e/h = 0.1 bl[s | ¢
L[] *
L N J ’ e e
I | e P
| pg= 0.05 ﬁ
3.0 1 ~ J
pg= 04 N Ih—
IN e/h=0.2 4
| ~ N
o5ilg 003 § Qv
1 , N T /
pg=0.02 NG x< \ e/h=03 g
e | PN \, L
~ + [ % N AN
o 20f 5.~ 0.01 > < ‘ u
<9 =0 \, N N elh =04
/ AN N 72N LT 1
A N\ N _ TN | A
15 —-\ -7 N\ e/h=05
| = 0'5’;\\ =T \\ ‘>\ = —
fomt 1 [
S 7\ P ></ \\ o7
P ] ‘/ T o/
1.0 Comp. Cont. Limit N\ =<1 Ag W I\ N Iy
| N el, = 1_//
N TN N —1]
: D
05 / — Ten/s.'Cont_ Limit A A= ~/}_’~ \/ T\ \\
) / ol L l / ==L _ AN
/ L g < /// / T N
> [ T =L
S S A % / Vv A\
~ et 4 y4 /
0 01 0.2 0.3 04 0.5 06 07 0.8 09 1.0
¢—M", ksi
bh?
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Y sleggiw YAY
oot g &Y ygir Jla V1V F

(f'c=28 MPa) .aules acwloe | o1 sl o3 Heile,] jlaie g ales J S oo ools sla b il o 1) Cl gt 5 o5k 5o

| | | | @21:::: :: ::#:::H:::#::$ﬂ"
H H H H : @%1:::::]::::::::::::-:::::1::::::- b
L T ] o b--w——w-—-w—-w-—-

iSas alieb 5 it g Lo sl
500 mm=,5 5, « 600 mm=,.5 glas )l 1,5 ol

600 X 600 mm : 5w ol

[ = 4500 — 300 = 4200 mm =(ail ST WST) aSen fygiw Job

[ = 3600 mm =(aib WSTG LST) ol ik (yst Jsb
L, = 4500 — 600 = 3900 MM =GiSan (55 Lalls Jsb

s § L s Cude 05 Cel Sz o b U Cldle el il aie ) Jsaz 0 Cl eiw lp )l oo (e K5 (5597 b

] 00
Axial load (kN) | M-top (kN.m) | M-bot (kN.m)
D 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

(ogw VA) iSa ails ) Lggiw (o5 9 (55970 )1 E 9o

ZPD = 80527.5kN

z P, = 38959kN

Z Vey = 7169 kN

a3l w2l mm plp EY dj); Sl cow GSen aab ood ol 86 055 @
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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:

where ) P, and ¥, are the total factored vertical load and
horizontal story shear, respectively, in the story being eval-
uated, and A, is the first-order relative lateral deflection

(6.6.4.4.1)

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

6.6.4.3 1t shall be permitted to analyze columns and stories
in structures as nonsway frames if (a) or (b) is satisfied:

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

end moments

(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05

Dl g0 Dgmite (SWAY) 0als

A, first-order relative
lateral deflection between
the top and the bottom of

that story due to V.

>P, total factored
vertical load Sway
\Q /( ©>0.05

zpab

7 I/us ec

0<0.05
Nonsway

V.s horizontal
story shear

el ol a5 Jgur ;o iSes alib (5l el (B axio )3 alies lbl 4 a5 L

P,A,
Pu-story (kN) | Ag (mm) | Vu-story (kN) | I, (mm) Q= V.l
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

www.hoseinzadeh.net

D9 ca Dgmte (SWAY) 0uuis )l LiSKed ail el ool Cewss 0.05 51 o (Q=0.081) (5,lal sl Sl 4 axg5 b
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P-delta 3l ¢,.8 1 )0 pgy) omyp -V

maximum factored sustained 0.4E 1
shear within a story (ED); = =5
Bds = . . 1+ Bds
maximum factored story shear associated
with the same load combination — (02E1,+E]I,)
( )qyr - 1 + B ds

: ; 20-y
Y P, is the summation of all the Foryp <2, k= —"2l+yn
factored vertical loads in a story | |gory,, >2,k= 09T+ vy,

If & exceeds 1.5,

only (b) or ((.:) (®) o, = 3P, 21 \
shall be permitted 1= 0.755P = >'P. is the summation

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

My =M+ 8,Mys (M, shall not exceed 1.4( My, + M, ) |

ke

L>22 _
r M= Moy + 8, Mo (M; shall not exceed 1.4( My, + M, ) |
Sway 10
Q>005 “ <22 I:> M1=M1 M, =M,
r
21 g Cel Jae (ST Y slily 50 55 S Lo CL g 5o
El 1 1 0.7 600%/12 + 600%/12 \
- % (T)wl B 0.7 ((L)Col—bot + (L)Col_wp) B <( 4200 ) ( 3600 ) S04 L b 1057
top — El - 1 500x6003/12 = 0O. m = .
2 (L )beam 0.35 (L)beam el ( 7200 ) J
Ypor =1

K =09/1+v, =09Vl + 4957 = 2.197

r=03H =03x600 =180mm)
kK=2197 —=476>22 - cul S S s

osiw ST Jsb I, = 3900 mm r
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Q) sl Gl bl il sais S apslne Y
. . . . e & . — 1 .
bl oo 5 12 Q e g0 arulons (55l Gl ol Ol (oo 1) S 2aiS o0 O = 1-Q bl 4 4z g5 b

bl wais gla S 5 Jeaz 50 g wsles Sgliie [ add (o po e )b oS5 50 sl nlple oS o s il

] 00 Ml?oo

M-top | M-bot Milns | M2ns | Mls M2s
(kN.m) | (kN.m) | M1 M2 (kN.m) [ (kN.m) | (kN.m) | (kN.m) Q O Mu
D 1.37 0.96
L 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 04E I
shear within a story (ED)y; =—FF
de = N . 1+ Bds
maximum factored story shear associated
with the same load combination £y . = (0.2E.1 <t E]I,)
(EDy = 1+B
ds
20-y,
> P, is the summation of all the For iy <2,k= =12 flry,, _EIT
: : 20 (ED)y =
factored vertical loads in a story | |pory, >2,k=09T+vy,, 1+B,,
~ 1
(@ 9, = o >1

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, ) |
= >22 =
r My = Mous + 8,M, [M2 shall not exceed 1.4( My,s + M,,) ]
Sway
0>005 | ke,

—322 I:> M1:M1 M2:M2

7
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Son aib 0 NPy g NP, Jlade acwlxe -F
2l At alioe Ligin aShl 4 az g b g dnlxe Ll S (5,6Y Wb iSen aibs slgin Sloe b aalne cox

el el e sl Y gl ) 58 S e a5 F 51 sl (ST 0 48,5 18 slesgins o

I I I 600%/12 600%/12 B
Bl 0.7 ( ! I ) 0.7 < + >
- % (L)wl 3 (L)COI—bot + (L)col_top B ( 4200 ) ( 3600 ) S04 ! ’ 4057
top — El - i 500%x6003/12 = o. m = =
Z (T)beam 0.35 (Z)beam 0.35 ( 7200 ) |
Ypot =1 }
600*
I, = = 1.08 x 101° 4
9 v 08 0" mm
. . 04EI
g = i Sl )b b Elyps = g =1.0744 x 1014
s — ] - 1+ .Bds 7TZEIeff
F il b >R =rys = 14429 kN
E = 4700/ = 24870 MPa ¢
K =091+, = 0.9V1 + 4957 = 2.197
g o1 Jobo Iy = 3900 mm J

oo el Jhaio sl 4y sbiwly 1o 25 SO s aS Y 9 ¥ slo WST j0 48,5 13 slggiw o

@), 07(On O 07 () + (2559 l
= 4457 } P, = 2.73

R R N e R
Ypot =1

_ 600*

= 1.08 % 1010 4
Iy =~ = 1.08 x 10" mm

ds 0.4E]
_ebet b = 8 — 10744 x 101
Buas - = 0 1+ Bas 7TZEIeff
F b > Fe="rys = 23084 kN
E = 4700/f, = 24870 MPa '
K = 0.9\/T+n, = 0.9V1 +2.73 = 1.7378
g o1 Job Iy = 3900 mm

2 P, =12 x 14429 + 12 x 23084 = 450156 kN

Z P, =12 x 14429 + 12 x 23084 = 450156 kN
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Wpgi 2 (bl a8l a0is X arls -0

M1lns M2ns M1s M2s Pu-story
(kN.m) (kN.m) | (kN.m) (kN.m) (kN) Pc-story O 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 7247475 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
shear within a story (ED),, = — £
Bds = - - 1+ Bds
maximum factored story shear associated
with the same load combination (ED),, = (02E I, +E]I,)
= 1 + Bds
. . 20- Ym
> P, is the summation of all the Forym <2, k=—7""1+¥m
factored vertical loads in a story | |pory,, >2,k=0917y,
N\ T
1
(@0, =——21
1-0
If &, exceeds 1.5,

only (b) or (c) (b) 6, =< : >1

P
shall be permitted 1= 0.755P = >'P, is the summation

for all sway-resisting
columns in a story

(c) Second-order elastic analysis

ke M, = My + 8,M [M1 shall not exceed 1.4( M, ,,; + M,,) ]
L >22 =
r Mz = Mous + 8,Mp, [M2 shall not exceed 1.4( Ms,,, + M,,) ]
Sway
0>0.05 | ke,

—<22 I$ M]ZMl M2:M2
r
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p = T[ZEIeff
© T (kL)?

0.4E.I,
El =
eIt 1+ﬁdns
Db oo 208 Elgrp 5 axdly (il38l Bans <oy 4t 10 9 b (oo ialidl adls [l ao o coad) )b pies 2alS
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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. 18.7.3.3 If 18.7.3.2 is not satisfied at a joint, the lateral
strength and stiffness of the columns framing into that joint

18.7.3.2 The flexural strengths of the columns shall satisfy ~ shall be ignored when calculating strength and stiffness of
the structure. These columns shall conform to 18.14.

Y My > (6/5)) My (18.7.3.2)
s N\

Where , (Mo + Myg) 2 2 (Mo + M)
>M,. is sum of nominal flexural strengths of columns
framing into the joint, evaluated at the faces of the joint. M
Column flexural strength shall be calculated for the factored
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.
In T-beam construction, where the slab is in tension under
moments at the face of the joint, slab reinforcement within Mnr < e) Mne
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.
Flexural strengths shall be summed such that the column \U

moments oppose the beam moments. Equation (18.7.3.2)
shall be satisfied for beam moments acting in both directions
in the vertical plane of the frame considered.
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18.8.4 Shear strength b2

18.8.4.1 V, of the joint shall be in accordance with Table
18.8.4.1.

Table 18.8.4.1—Nominal joint shear strength V,

c2 ¢l

Joint configuration vV,

For joints confined by beams on all four 5 [2]__/
1.7 f/A,

facest!] \/7” J

For joints confined by beams on three 12074 2

faces or on two opposite faces!!! ’ \/7” T

;. 2
For other cases l.OX\/jTE 4;

[l Refer to 18.8.4.2.
121} shall be 0.75 for lightweight concrete and 1.0 for normalweight concrete. 4; is

given in 18.8.4.3.

18.8.4.2 In Table 18.8.4.1, a joint face is considered to be
confined by a beam if the beam width is at least three-quar-
ters of the effective joint width. Extensions of beams at least
one overall beam depth A beyond the joint face are consid-
ered adequate for confining that joint face. Extensions of
beams shall satisfy 18.6.2.1(b), 18.6.3.1, 18.6.4.2, 18.6.4.3,
and 18.6.4.4.

18.8.4.3 Effective cross-sectional area within a joint,
A;, shall be calculated from joint depth times effective joint
width. Joint depth shall be the overall depth of the column, A.
Effective joint width shall be the overall width of the column,
except where a beam frames into a wider column, effective
joint width shall not exceed the lesser of (a) and (b):

(a) Beam width plus joint depth
(b) Twice the smaller perpendicular distance from longitu-
dinal axis of beam to column side

21.2.4.3 For beam-column joints and diagonally reinforced

coupling beams, ¢ for shear shall be 0.85.
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Table 18.8.4.1—Nominal joint shear strength V,

Joint configuration

Va

For joints confined by beams on all four
faces!!!

/N2

For joints confined by beams on three
faces or on two opposite faces!!

12374,

For other cases
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Table 18.8.4.1—Nominal joint shear strength V,

Joint configuration Va
For joints confined by beams on all four 5, 2
170 f/A.
faces!!] \/7" g
For joints confined by.beams on three 190 \/7; 4 2]
faces or on two opposite faces!!
;12
For other cases 1.07»\/76 A,
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Table 9.3.1.1—Minimum depth of nonprestressed beams
Support condition Minimum A
: Simply supported £/16
beams not supporting or attached to -
partitions or other construction likely h One end continuous o185
| to be damaged by large defiections | 7 } Both ends continuous €21
Cantilever 418
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).
Sustained load Time-dependent
duration, months factor §
3 1.0
6 12
12 14
60 or more 2.0
=A_+A + A +vA
‘ Asustained D" "sp Partition * ' SL
| I | .
Creep = ;’\.A x B¢\ stained Supporting or atiached io
‘ P ’ non structural elements
Likely to be damaged
\\\ / by large deflections
/480
A ot A + A + A <
tmal Partltlon Creep initial
€240, Supporting or attached to
non structural elements
Not likely to be damaged
4 4 by large deflections
o 9L aqSDL o 4L a
E[ El, El, EI

That part of the total deflection occurring after attachment of

nonstructural elements, which is the sum of the time-depen-

dent deflection due to all sustained loads and the immediate
deflection due to any additional live load™?!

(24.2.3.53)

3
1 +[1—[M" I,
Ma

= maximum moment in

member due to service loads
at stage deflection is calculated

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 Eq. (24.2.3.5a) for the critical positive and negative
moment sections.

1mmed1ate

A + A + A + APartition )_ (AD+ ASD) <360
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CHAPTER 9—BEAMS

9.3—Design limits
9.3.1 Minimum beam depth

9.3.1.1 For nonprestresscd beams not supporting or
attached to partitions or other construction likely to be
damaged by large deflections, overall beam depth A shall
satisfy 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

Support condition Minimum #Y
Simply supported 416
One end continuous 4/18.5
Both ends continuous 421
Cantilever 48

Nlg
D

pplicable for nor ight and f, =420 MPa For other
cases, minimum / 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 400 MPa , the expressions in
Table 9.3.1.1 shall be multiplied by (0.4 + £,/ 700).

9.3.2 Calculated deflection limits

9.3.2.1 For nonprestressed beams not satisfying 9.3.1
and for prestressed beams, immediate and time-dependent
deflections shall be calculated in accordance with 24.2 and
shall not exceed the limits in 24.2.2.

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 A 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 nonpre-
stressed one-way slabs

Support condition Minimum A
Simply supported 120
One end continuous £/24
Both ends continuous £/28
Cantilever £/10

mExpressiun 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 400 MPa , the expressions in 1
Table 7.3.1.1 shall be multiplied by (0.4 + £,/ 700).

7.3.2 Calculated deflection limits

7.3.2.1 For nonprestressed slabs not satisfying 7.3.1 and
for prestressed slabs, immediate and time-dependent deflec-
tions shall be calculated in accordance with 24.2 and shall
not exceed the limits in 24.2.2.
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8.3—Design limits
8.3.1 Minimum slab thickness

8.3.1.1 For nonprestressed slabs without interior beams

enanIing hataeen ciinnarte an all cidee having 8 Mavimiiagm
Spalliliilyg DOLWCCTL SUPPOILLS U1 all S1UCS, Havillg a daAlinulii

ratio of long-to-short span of 2, overall slab thickness 4 shall
not be less than the limits in Table 8.3.1.1, and shall be at
least the value in (a) or (b), unless the calculated deflection

e AFQ 2D ovn catia

| By . . Had.
LW Ul 0.0.4 alv dauniivu.

(a) Slabs without drop panels as given in 8.2.4... 125 mm.
(b) Slabs with drop panels as given in 8.2.4........ 100 mm.

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams
(mm)1

Without drop panels®! With drop panels?!
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
s edge edge edge edge
MPal?! | beams | beams! beams | beams!!

280 €,/33 €,/36 £,/36 £,/36 £,/40 £,/40

420 €,/30 €,/33 €4/33 €,/33 €./36 €,/36

520 €,/28 €,/31 €,/31 €,/31 €./34 €,/34

11l¢, is the clear span in the long direction, measured face-to-face of supports (mm).
12IFor f, between the values given in the table, minimum thickness shall be calculated
by linear interpolation.

B1Drop panels as given in 8.2.4.

141Slabs with beams between columns along exterior edges. Exterior panels shall be
considered to be without edge beams if oy is less than 0.8. The value of a, for the edge
beam shall be calculated in accordance with 8.10.2.7.
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R ARRRREEEa i1 R ]
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| | | |
[] 1] ] - -

(a) Flat Plates (without drop panels)

(b) Flat Slabs (with drop panels)

Figure 10-4 Minimum Thickness of Slabs without Interior Beams (Grade 60 Reinforcement)
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8.3.1.2 For nonprestressed slabs with beams spanning
between supports on all sides, overall slab thickness 4 shall
satisfy the limits in Table 8.3.1.2, unless the calculated
deflection limits of 8.3.2 are satisfied.

Table 8.3.1.2—Minimum thickness of nonpre-
stressed two-way slabs with beams spanning
between supports on all sides

af,,,l“ Minimum A, mm
O < 0.2 8.3.1.1 applies (a)
b (0'8 i zﬁy)o) (by2h3
Greater g
02 <0, <20 P S——
% of: 36+5B(at,,, —0.2)
125 ©
J
4 0.8+ 71 [21.[3]
Greater 1400 (@)
Ofin >2.0 . N @ 7
of: 36+9B
90 (e)

[lg, is the average value of a, for all beams on edges of a panel and o, shall be calcu-
lated in accordance with 8.10.2.7.

121¢, is the clear span in the long direction, measured face-to-face of beams (mm).

1318 is the ratio of clear spans in long to short directions of slab.

8.3.1.2.1 At discontinuous edges of slabs conforming to
8.3.1.2, an edge beam with a,> 0.80 shall be provided, or the
minimum thickness required by (b) or (d) of Table 8.3.1.2
shall be increased by at least 10 percent in the panel with a
discontinuous edge.
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|
N o 0o 1.2 (¥
g
® o o 1.4 (¥
on

y & _
Tt 1.6 (f
X
Vs
_ 400 % 400 x 200 + 200 X 200 X 300 _
beam = 4002 + 2002 - ecimm
4 4
2 2 200 2 2 4
Ipeam = —5—+ 400% X (220 — 200)° + +2002 x (300 — 220)? = 2586666667mm

_ 2586666667 _
o= ((3700)x2003) =1.048
12

centerline of panel
A
/////// B = 200 mm |<— 200+7000/2=3700 mm +|/
pd /,
/ // 200 mm
/ h =200 mm e \
e L

h, < 4h
200 mm
|—400 mm —»|

(a) Edge beam dimensions

=

(b) Slab dimensions
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=A +A +
Ap*hg, APartition+YAL’

Supporting or attached to |
non structural elements

Likely to be damaged
A A \ £/480 / by large deflections
+
L+ A Partition * Creep mmal <
£/240, -
Supportmg or attached to

+

non structural elements
Not likely to be damaged
by large deflections

\>

3 That part of the total deflection occurring after attachment of
I = [M cr J I + [1 [ cr I (24 235 ) nonstructural elements, which is the sum of the time-depen-
- - 2. a . . . .

dent deflection due to all sustained loads and the immediate
deflection due to any additional live load?!

298 plxil 2j Jolpe wb b
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Ve Ve

Mg, =
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(0 5o 2929 pae (23 L phae JS) 03,950 S5 alae cu il lee iy
03,556 S 5 ghaite (15 U 5l ahade o285 )6 0 590 alols iy

gae oo ol Glos dle Y

24.2.3.5 For nonprestressed members, effective moment
of inertia, I, shall be calculated by Eq. (24.2.3.5a) unless
obtaincd by a more comprehensive analysis, but 7, shall not
be greater than .

Mcr ’ Mcr ’
Ie= E Ig+ 1- E Ic, (242353.)

24.2.3.6 For continuous one-way slabs and beams, I, shall
be permitted to be taken as the average of values obtained b 4
from Eq. (24.2.3.5a) for the critical positive and negative
moment sections.
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24.2.3 Calculation of immediate deflections

24.2.3.1 Immediate deflections shall be calculated using
methods or formulas for clastic deflections, considering
effects of cracking and reinforcement on member stiffness.

b oS 3 ke Jabe rugs slays sln Jlo 1358 (oo s 03l 2 3)ls Sl g 03l St Lalg; el a3 polie
J.)—l ° Cowdo ) d.]a.al) )‘ 00 yo

5 gpl*

P™ 384 EI,

Sde il s dwlxe ¥
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ACreep= Ap X A@;b L

!
Soe iy 5l ys ol e (O = 0) 098 i o 5,Lid 3 Khis SaF 5l Glabl gz 45 5108l 0 (355w Ap

Acreep= 2 X A@;b)l{

1398 (g0 485 Hai )3 003) )l 5l g3 Lol e 03,0 b plp (pwige DslaS ulul 1 (oedls L lade

A‘S‘u‘la )L_= Ap + ASD + APartition t+y X ALive

Y =) é; uo)s Goj‘b ‘) o..b')’ )la Qo0 20 ‘Qﬁ..\? u‘}w «<? ‘591».».0 6,9[5 leja JL.A 6‘).' .59....4 <* u,....u Ls..m.\...erc s.)jl.»as uuLw‘ ).)y )‘..\M
(0.2
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,

A =—2
1+50p’

(242.4.1.1)

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 12
12 14
60 or more 20
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A 145 sustained D "sb Partition * | =L
N/
=AxA Supporti ttached t
= A, ; pporting or attached to
Creep sustained non structural elements
Likely to be damaged
by large deflections
A A A A A A £/480
= + A+ + - A
D" Ssp T L T 2 partition Creep ) initial <
£/240 -

Supporting or attached to
non structural elements
That part of the total deflection occurring after attachment of Not likely fo be dgmaged

by large deflections

nonstructural elements, which is the sum of the time-depen-

Aaflantinn dixa ta all grrgtaina A laodq and tha 1mamaa

dAant 3 Az
dent deflection duc to all sustained loads and the immediate J

deflection due to any additional live load™
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CHAPTER 24—SERVICEABILITY REQUIREMENTS

24.1—Scope
24.1.1 This chapter shall apply to member design for
minimum serviceability, including (a) through (d):

(a) Deflections due to service-level gravity loads (24.2)
(b) Distribution of flexural reinforcement in one-way slabs
and beams to control cracking (24.3)

(c) Shrinkage and temperature reinforcement (24.4)

(d) Permissible stresses in prestressed flexural members
(24.5)

24.2—Deflections due to service-level gravity
loads

24.2.1 Members subjected to flexure shall be designed
with adequate stiffness to limit deflections or deformations
that adversely affect strength or serviceability of a structure.

24.2.2 Deflections calculated in accordance with 24.2.3
through 24.2.5 shall not exceed the limits in Table 24.2.2.

Table 24.2.2—Maximum permissible calculated deflections

Deflection
Member Condition Deflection to be considered limitation

Flatroofs | Not supporting or attached to nonstructural elements likely to Immediate deflection due to maximum of ,, S, and R £/180M1

Floors be damaged by large deflections Immediate deflection due to L £/360

Likely to be damaged by | That part of the total deflection occurring after attachment of
Roof or Supporting or attached to non- large deflections nonstructural elements, which is the sum of the time-depen-

floors structural elements Not likely to be damaged dent deflection due to all sustained loads and the immediate
by large deflections deflection due to any additional live load™

£/48081

£/24011

IILimit not intended to safeguard against ponding. Ponding shall be checked by calculations of deflection, including added deflections due to ponded water, and considering time-
dependent effects of sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

12ITime-dependent deflection shall be calculated in accordance with 24.2.4, but shall be permitted to be reduced by amount of deflection calculated to occur before attachment of
nonstructural elements. This amount shall be calculated on basis of accepted engineering data relating to time-deflection characteristics of members similar to those being considered.

BILimit shall be permitted to be exceeded if measures are taken to prevent damage to supported or attached elements.

HILimit shall not exceed tolerance provided for nonstructural elements.
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CHAPTER 7—ONE-WAY SLABS

7.6—Reinforcement limits

7.6.1 Minimum flexural reinforcement in nonprestressed
slabs

7.6.1.1 A minimum area of flexural reinforcement, A i,
shall be provided in accordance with Table 7.6.1.1.

Table 7.6.1.1—Ag min for nonprestressed one-way
slabs

bh
4 0.0018 x 420
s hihdehib i
- E > Max Fy
0.0014

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits
8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

8.6.1.1 A minimum area of flexural reinforcement, A mis,
shall be provided near the tension face in the direction of the
span under consideration in accordance with Table 8.6.1.1.

Table 8.6.1.1—A; i, for nonprestressed two-way
slabs

Reinforcement
type F As,min Reinforcement
Deformed bars | <420 0.00204, type 5 Agin
Deformed bars 0.0018x 420 Deformed bars | < 420 0.00204,
. Greater 7‘41;
or welded wire | > 420 ) fy Deformed bars 0.0018x420 4
. of: . Greater 2
reinforcement 0.00144 or welded wire | > 420 . Jy
. & inforcement of:
e 0.00144,
CHAPTER 24—SERVICEABILITY REQUIREMENTS
24.4—Shrinkage and temperature reinforcement
24.4.3.2 The ratio of deformed shrinkage and temperature
reinforcement area to gross concrete area shall satisfy the
limits in Table 24.4.3.2.
Table 24.4.3.2—Minimum ratios of deformed
shrinkage and temperature reinforcement area to
gross concrete area
Reinforcement
type I Asmin
Deformed bars | <420 0.00204,
Deformed bars Great M A
or welded wire | > 420 g; r f, ¢
reinforcement 0.00144,
24.4.3.3 The spacing of deformed shrinkage and tempera-
ture reinforcement shall not exceed the lesser of 5A 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, in,
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 arca of shear reinforcement, A, in,
shall be provided in all regions where V, > 0.5¢ V.

www.hoseinzadeh.net YA

Llls o Blas & yg5le,-F-VY
CHAPTER 9—BEAMS

9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum arca of shear reinforcement, A, pin,
shall be provided in all regions where ¥V, > 0.5¢V, 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 0.55,,
Integral with slab and
h <600 mm
Constructed with steel fiber-reinforced
normalweight concrete conforming to :nSdGOO mm
26.4.1.5.1(a), 26.4.2.2(d), and 26.12.5.1(a ,
and withff')S 42 MPa( ) ® Vo< ¢2\/7‘de
One-way joist system In accordance with 9.8

Aok (oo ggioe OUS (pl e Sl g)ls (S 43S 0
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Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members
Specified
Concrete exposure Member Reinforcement cover,mm

Cast against and
permanently in All All 75
contact with ground

No. 6 through No.

50
Exposed to weather 18 bars
or in contact with All No. 5 bar, W31
ground or D31 wire, and 40
smaller
No. 14 and No. 18
. . 40
Slabs, joists, bars
d wall
Not exposed to and wats No. 11 bar and 20
. smaller
weather or in
contact with ground Beams, Primary reinforce-
columns, . .
ment, stirrups, ties, 40

pedestals, and

.. spirals, and hoops
tension ties P ? P

www .hoseinzadeh.net VY A3l oo foiae SLS ol Llas 5l glop S 465 2



www.hoseinzadeh.net

Soly 4z 5 i 1, b\ TRV

535 (5Wyo7lo,| Y- V-Y_Y_¥

wtigdh 5o 0332 ISy cielie Coygum (VY JS3) Gillao b g 3k Copgo 43 oy (slaygile] ()

dichin o645 claygile l b a2 55 (5L y3 51 padiges —Y-Y S

b, ]
sy 3, 8ke 93 Alold S wdayd ol Loy by, &5 Al e 0_351;LS sl sis sloygilo ] glaio prdaws Jilis (¥
y

bl e MPa (N/mm?) sy 050 (glaygile)] 3¥h diaseo Cunglio £, g oo

Fojite o) gladRhe b b3 (glp B Jolio A8 oy o e Vo U 2o o 8 ) o5ye (slad)Shie a (W
€9 3l 25 s, Nhe gl (glaly 3 )90 5 Cussl i e B ccislie (p5ye (slad Ko b (Sh 5 (gl g 2o e
I oI ciles odlizd Slogil (o> (gdlail ST ) sl Gl aoplin wdly o Cislhe ©jg0 &) 5 Cops
g5 odlizuwl jio Lo ¥ JBlas b 4y S p2 3,8 o

s oS )3 ¥ 31 Ygano gl ) g ol d 3 Vo (381 s &y Cand (550 3,%ho gl Jilas  (F

Gl j2o Tl Yo 58l dands 5 0 Jloto e slod Sho alsls (0

ol oM 555 yglo,] (gl 3y 355 b yeilo ] 5l odlizal (£



Soly 4z 5 i > ,b) TAY

(Bgd 5l )] Y V-Y-Y_Y
A3l aol ggi 3l by JBg5 gile)] ()

Onian g (ohdg (s Cuslbud g 42y (sl Eli] dadg y5 dlold cailmd Jobo cygile 3Ygh £3 4y dagi b o a5 (¥

a5 o s slainly ofgie 4y (¥-F Jpin) Cood o i lon Y oo # 5l o gy 3,8Le (slo i Josh

Sgdi oo duogi (SMIB,IS 50l (slady pF (oY 3)SLes

B 3,5k b Jila Y Jpia

P TR ailas
Fo i A I
ecsls Ve e DOF 2 ¥
Reishe VY F=YE 20/

riz) 3 Eptin ¥l 3,She b i g3 05 (imgie ig2) hoe A gy WS kg ity
5 8IS foden ¥ fym & gy (1Y
wsia y57lo,l g ((Sandzes 9 Oyl ) Oyl y0 9 Cl 453kl (39900 g g —0-T-¥-Y

8 b e 51 Faly o Tl ¥ 393> 53 g (g S Ceand 13 g pi 52 3905 Sz 92 3 oy g Sl (glaygile)] (3

A5 oo

Ao e £ acnylya g Sl (gladySLos jlaB Jolis (¥

22 3905 Azl g3 58 33 (oW Jb glaiio pdaw) (57 alais o JS 41 (Sadgex 9 ol ygile] alaie prdaws o (¥

D95 i3l jiaS 55 ple 5l ol (405 gty 5 g 420

oee¥ S350 4 5300 . §220 L] gl Kho (55— il
eI Tl Glo o1l ige (claded 5 5400 Jaal glas Ko cslyy— oo
eerd AV 55500 1o (clas Shon (ol — 2

el yo Zils YO ily 93 51 0 S jlys g cdl 5)Sis 93 s (gdlold yS s (F

wsbisly p ol g Bl yglel plaie 4 Sl 08 5 2V (2 Jb B & e 42,8 2V Hgle)] (0
228 Coley b il csloygiles] g B iy 3 035 S5 (galiols Sl b o dy g 295 soliio a5

Lo (225 el ygile] plais pdaws 32)2V8 Joles (s ygilel 5 ol 3 codlus 0SS (553 L L p3 25k S92l (7

bl wilms J5b Gl 4y alSas I o] wlay  galols & oo W3Sl ol 393 abli] aSS5 (g5) > cbilad
4]

B P

www.hoseinzadeh.net YV Al oo Egian OLS pl Cllas 5l g lo (oS aisS o



Soly 4z 5 i > ,b) TAY

oo O (SaCydgae ¢ builgus —1-Y-V-Y
Sob 5 dz T s (59) )b SIS @557 aired 9 (JSST (slay0) Wodzp5 oy i (5T gle o Sloe S 3 Slec (M
g ooyl e M Sl 45D g9 35i0s s a5 olay e 13 uicmen Cawl
o EB)) 5 458 s a3l 1 e pln e OIS oy il Bl Iadg s g dgec (Jle GBI g (¥
g2 a1y i glis)
Jois 5 jliol 183,Shs ol igd o deasd ol by 9 236 S Jilis 5 WU 3 20e ) ol e B (glnd,SLa (¥
g Anlgs yio leo £ gl ylad
dusd 4y (55l5 A3l e ¥ 5l oS 350 (odiled Jobo g mipaiie yr pSalS Y- I a8 s (o5 b & ()50 p (F
Jilo 395 00 dund i (Sl B S a3l 20 ¥ 5l iy dilad Jobo s ol P 551 (Jg o (S G
Al o a7 il Loy (23S gl ygile] shaiio s i yily2 wBMS (ol (Jobo (5ol ] e pdas
oo BN S sl 20 F 5l a8 5050 dilad Job g mpejie p0 pySalsS YO« I iy G (gonij b &S (Jyg > (B
il MY 20 ¥ 3l s (gdiland (glys g (iloo OMS 90 o Y b 120 F (gdilad Job (gly cdbs sl 30 el 5Li 390
lndg yss &l Loy (225" (gliygile)] alalie pdaus yilyy w3 o (oo (liygile)] ghaie pdow Jolao igd(os 12

Sl e

www.hoseinzadeh.net Vo Al oo Egian OLS pl Cllas 5l g lo (oS aisS o



Soly 4z 5 i > ,b) TAY

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 4 in. at any location
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 30 in.

9.8.1.5 V., shall be permitted to be taken as 1.1 times the
value calculated in 22.5.

9.8.1.6 For structural integrity, at least one bottom bar
in cach joist shall be continuous and shall be anchored to
develop f, at the face of supports.

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.

9.8.1.8 One-way joist construction not satisfying the limi-
tations of 9.8.1.1 through 9.8.1.4 shall be designed as slabs
and beams.

9.8.2 Joist systems with structural fillers

9.8.2.1 If permanent burned clay or concrete tile fillers of
material having a unit compressive strength at least equal to
f.' in the joists are used, 9.8.2.1.1 and 9.8.2.1.2 shall apply.

9.8.2.1.1 Slab thickness over fillers shall be at least the
greater of one-twelfth the clear distance between ribs and
1.51n.

9.8.2.1.2 For calculation of shear and ncgative moment
strength, it shall be permitted to include the vertical shells of
fillers in contact with the ribs. Other portions of fillers shall
not be included in strength calculations.

9.8.3 Joist systems with other fillers
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 2 in.
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600
tmin = % =30cm
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0.01 x 21 = 0.21 kPa Seel o (A

0.03 x 21 = 0.63 kPa Obow dle e el Y (Y

0.13 x 6 = 0.78 kPa O pgd VY (Y

0.5 kPa S a5 &5 enilo ¥ L Q3 G (F

1 kPa L Ssb (339 O

(0.25 x 0.1 x 2 + 0.05 x 1)25 O s O

= 2.5kPa
12

1 kN/m? (Partition) + 2kN/m’ =3 kPa 10055 ,b
qu = 1.2x5.65+1.6x3=11.58kPa SIS ca o b
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S dem culs Juus =Y

11.58 x 0.42 0.154 kN
=—=0U. .m
v 12
1000 x 502
M, = 0.42v21 X B — = 801950 N.mm = 0.8 kN.m
0.156 < 0.6 x 0.8 OK.
CHAPTER 14—PLAIN CONCRETE Table 21.2.1—Strength reduction factors ¢
. Action or structural element ) Exceptions
14.5—Design strength 06510 | Near ends of preten-
Moment, axial force, or ’ .O sioned members where
14.5.2 Flexure ; 0.90 in
(@) | combined moment and strands are not fully
. accordance .
axial force with 21.2.2 developed, ¢ shall be in
14.5.2.1 M, shall be the lesser of Eq. (14.5.2.1a) calcu- ““ | accordance with 21.2.3.
lated at the tension face and Eq. (14.5.2.1b) calculated at the Additional requirements
compression face: ) Shear 075 | aesgiven i(fil 2_1-2-‘3 for
structures designed to
ist earthquake effects.
M,=0.420\[1!S,, (145212) - — - TS carqree e
c orsion . —
M, =085£/S,, (14.52.1b) | @ Bearing 0.65 —
© Post-tensioned anchorage 0.85 o
where §,, is the corresponding clastic section modulus. zones
[6)) Brackets and corbels 0.75 —
Struts, ties, nodal zones, and
bearing areas designed in
® accordance with strut-and- 075 o
tie method in Chapter 23
Components of connec-
tions of precast members
® controlled by yielding of 0-90 o
steel elements in tension
(1) | Plain concrete elements 0.60 —
0.45to
. Anchors in concrete 0.75 in
0 elements accor o
dance with
Chapter 17

4z b 2iS sloygileyl (b -F

_ (05x¢q,) x6% (0.5x11.58) x 62
B 8 B 8

=26 kN.m

P14 5 Ko e 50 3l oolawl o,8 L

M,

d=300—-20—-7=273mm
Agx400

. __Asx400
M, = AF, (273 - E) = A; X 400 x | 273 — 027200 | = 29359143 N.mm = 29.35 kN.m

M, <09xM, OK.
Loilo,] oo iSTas 5 Bl S -0
2 % 3.14 x 72

_ —0.011 = 1.1 % > 0.35 % OK
P =573 %x 100 ° ’
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= 0.00226 > 0.0018 OK

e D -A
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3,5 oolaiw! 010 0,8 sae 50 5l lgs o il g0 P14 5 Ko v

i il -4
Bl e 5, Shee ahaiie colice w3l ol il oo oo 6bas Shis b 015 1l JBlas aie 3,8ke sy p3Y corlis
PUY
3,5 ool 10 5 Ko 3l olgs oo 0L 0.46 cm?

on s, (A

q,=11.58x0.5
PEEEREBRERE TP

A

e 6-2d 1

Qu X 05x(L—-2xd) 1158%x0.5% (6 —2x0.273)
= 2 B 2

e

= 15756 N

V. = 1.1 x 0.75 x 0.174/21(100 x 273) = 17545 N

@V, = 15756 — 17545 < 0
22,5 oolitul 150mm Jolsd b 06 51 g3 oo 098 solitul b o5 Jslas g5k ]
A, = 28.26 mm?

by 100 ,
Ap—min = 03525 = 0.35—150 = 17.5 mm

E, 300
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kg kN
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500 mm
50 mm | v
250 mm
100 mm
_ 500 X 50 X 25 + 250 X 100 X 175 _ 100
= 500 x 50 + 250 x 100 - umm
500 x 503 , 100 x 2503 . .
lg=—"p7—+ 500 x 50(75)2 + —; — *+100x 250(75)2 = 416.66 x 10 mm
I, 0.62v20 x 416.66 x 106
o = Il _ = 5.776 kN.m
Vi 200
der) alato 05,55 S 5 gyl Glow dewle =Y
500 mm
— P12 ':[Y
| | d=273mm
2016 + @12
2 x10° 9515
n=——=09.
470020
nAg = 9.515 x (2 X @16 +1x <p12) = 4902.3 mm?
(n— 14} = 8515 x (@12 + ¢8) = 1391.06 mm?
Y =63mm

400 x 503 100 x Y3
I = —0 t (50 X 400) x (Y — 25)% + — nAs(d —Y)? + (n — ALY —d')? = 257 x 10® mm*
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+ 0.75Live ( U.\f ol )
0.7(SDead+Part) 0. 25L|ve
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24.2.3.5 For nonprestressed members, effective moment i} G &
of inertia, I, shall be calculated by Eq. (24.2.3.5a) unless 7A) a a a4
obtained by a more comprehensive analysis, but Z, shall not
be greater than I, & ol e Solabas Jlast 1 fS

(Jsl s ¥)
(Y [ Y, 37
I =L "J I+ 1—L ”J I, (242353 -~ ~ —
M, M, (do JLu ) o315 sl
M, = maximum moment in member due to service loads = -~ -
at stage deflection is calculated, N-mm Wb JS

(sl o3l e Sl JLasl 5l B3 5 Jsl ole T) (55l ST (359 5l (Frond 5 a2 25 (139 00,0 ) ST Cod fge wyil les

0.5¢qL?
My = Mpyo7sp+o.7rart = —8
0.5 X (4.6) x 72 5.776\° 5.776\°
= 3 =14.09kN.m >Ie—D+0.7SD+0.7PaTt = (m) X 416.66 + |1 — (m) 257 =

Mg, = 5.776 kN.m
I, = 416.66 x 10°
Iy = 257 x 10° J

=268 x 10® mm*

My = Mp4sp+partition =
_ 05x(35+2)x 72

8 (5776’ 5.776 _

M, =5.776 kN.m
= 263.4 x 10° mm*
I, = 416.66 x 10°

I, =257 x10° )

(D+SD+Partition+0.25L) _ails sla b 3l cont ge coryal o

Mg = Mpsp+Partition+0.25L =
05X (46+1.6) x 7

N 8 5.776

5.776
18375 kN.m  Uepisprparcsoast = (Tagae) X 41666+ [1 ~(o572) ]257 -

M, = 5776 kN.m
=262 X 10® mm*
Ig = 416.66 X 10°

I, =257 x 10° )
«(Total=D+SD+Partition+L) o ,l JS 5l cox Sge gyl ylowe
Mg = Mpysp+partition+L. =
_ 0.5% (4.6+ 1.4+ 15) x 72
- 8 5.776\° 5.776\°
2296 kN.m. [ Le-psspepartivontt. = (35gg) X 41666+ [1 - (522) [257 =

Mg, = 5.776 kN.m
I; = 416.66 x 10°
Iy = 257 x 10° y

= 260 x 10® mm*

il b az 5 Jolgd 4 by e 0.5 o o (598 Laulg) 0 *
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(dj ° ) Apeaa = 25%\2’
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v spead = 27,'7
(4 Jl 0) (1> ol KN
: dprare = 1m
- - kN

Ie—p+o7sp+07pPare = 268 X 10° mm*
dp+0.7sp+0.7part = 0.5 X (4.6) = 2.3 kN.m

E. =4700v20 = 21019 MPa
L=7m

Ie—p+sD+ partition = 263.4 X 10° mm*
dp+SD+ Partition = 0-5(3.5+ 2) = 2.75 kN.m

E. =4700v20 = 21019 MPa
L=7m

Iptsp+ partition+o.2s1 = 262 X 10 mm*
dp+sp+ partition+0.251 = 0.5 X (3.5 +2.5) =3 kN.m

E. = 470020 = 21019 MPa
L=7m

le_p+sp+Partition+L = 260 X 10 mm*
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E. =4700v20 = 21019 MPa
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Quive = 2 z

:(J9| ole V) ! ol s Slalad JLa.T‘ )\ 8 00,0 slayls

Apyo.7sp+0.7Part = 384EL 12.75 mm
e

Ap . sp+partition = ﬁE_Ie = 15.52mm

«(D+SD+ Partition+0.25L) _3ls sla )b

384 El,

f Ap. sp+partition+025L= 57~ = 17 mm

«(D+SD +Partition+L) l»,L IS

5 ql*
Ap4sp+Partition+L= 384 EL 21.45 mm
e

(Live) ows; ,b il cos ST JSs s

A= Apisp+partition+L — Ap+sp+partition= 21.45 — 15.52 = 593 mm
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(Creep) Sae aily S s dwle -F

24.2.4 Calculation of time-dependent deflections
Table 24.2.4.1.3—Time-dependent factor for

24.2.4.1 Nonprestressed members sustained loads
Sustained load duration, months Time-dependent factor &
24.2.4.1.1 Unless obtained from a more comprehensive 3 1.0
analysis, additional time-dependent deflection resulting p 2
from creep and shrinkage of flexural members shall be -
calculated as the product of the immediate deflection caused 12 14
by sustained load and the factor A, 60 or more 2.0
A, = § 2424.1.1)
1+ 50p°
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. (24.24.1.1), values of the time-depen-
dent factor for sustained loads, &, shall be in accordance with
Table 24.2.4.1.3.
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p'= = =0.0012{ , _ _ 094
bd 500 x 273 3—-month — 1+ 50p' = U

£=1

A reep—syear = (Msyear) Bpsp+ partition+o2s.) = 1.886 X 17 = 32 mm

= (A3montn) (Ap+0.7sD+0.7 part) = 0.94 X 12.75 = 11.86 mm
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CHAPTER 6—STRUCTURAL ANALYSIS

6.5—Simplified method of analysis for
nonprestressed continuous beams and one-way
slabs

6.5.1 It shall be permitted to calculate M,, and ¥V, due to
gravity loads in accordance with this section for continuous
beams and one-way slabs satisfying (a) through (e):

(a) Members are prismatic

(b) Loads are uniformly distributed

©L<3D

(d) There are at least two spans

(e) The longer of two adjacent spans does not exceed the
shorter by more than 20 percent

6.5.4 V, due to gravity loads shall be calculated in accor-
dance with Table 6.5 4.

Table 6.5.4—Approximate shears for nonpre-
stressed continuous beams and one-way slabs

Location V.
Exterior face of first interior support 1.15w,£,/2
Face of all other supports w2

End span
Discontinuous end

N\

Interior face of
exterior support

Interior spans

Exterior face of

first interior support

{8} Terminology.

oy 9 S Gulps by 4 a8 b G sldls Ldos-1A

6.5.2 M, due to gravity loads shall be calculated in accor-
dance with Table 6.5.2.

Table 6.5.2—Approximate moments for nonpre-
stressed continuous beams and one-way slabs

Moment Location Condition M,
Discontinuous end integral with w214
End span support
Positive Discontinuous end unrestrained w211
Interior 1 ) w16
spans
Interior face Merpber built integrally with sup- w224
. porting spandrel beam
of exterior Momber built inteerally with
support ember built integrally with sup- w2116
porting column
Exterior Two spans W, 9
face of first
interior More than two spans w210
support
Negativel'l | Face of
other All w211
supports
(a) slabs with spans not
Face of all | exceeding 10 ft
supports (b) beams where ratio of sum Wl 12
satisfying of column stiffnesses to beam wn
(a) or (b) stiffness exceeds 8 at each end
of span

[To calculate negative moments, £, shall be the average of the adjacent clear span
lengths.

6.5.3 Moments calculated in accordance with 6.5.2 shall
not be redistributed.

Other faces of\

interior supports

Cr= —1/9 if only two spans, —1A10 if three or
more spans

Cn IO 171 —1/10 111 116

Cv 1.0 1.13 1.0

{0y Moment and shaar coefficients—Discantinuous end unrestrained.

Cm Bd—124 114 —1or—1r10Bd _111 116
C 10 145 10

(c) Moment and shear coefficients—Discontinuous end integral with support

where support is a spandrel girder.

[l
1.0

Cn 114

Cy

111
1.0

—1/9 or —1/10
1.15

1/16

) Moment and shear coefficients—Discontinuous end integral with support

where support is a column.

www.hoseinzadeh.net YYA

1M

—111

1.0 1.0

2l —111
1.0 1.0

1M1
1.0

Aok (oo ggioe QLS cpl e 1 g)ls (S 43S 0



Py 9 5T ol pd gy 4 ad b SO sledle Judxit YAV

St sladls ;o 52 dals o tes glas SLoalols ¥ =V-F-10-1
«Sotin gl Jls o .0 jelod yue die YO 5l a5 g JIo Cualbes by g0 5l auls
Ay Gl r 00 )18 Loy (59, 45 JIo 5l gl 10 (645,501 Joluo
e bl b (B0 50 Lo ls )90 j0 Migdige e V=V = F 10 -1
ol e Ll (gl 5 shoialin YO+ 5 caalind s g0 4 o3, Sles alols ajat

g oo dgaoea yia o Yoo g Cualed by VB 4y gl coladl 393 9 ol

L5 asl Jls dtugl day 5 0gee Cute obes oo Sle F-V1-F-10-1
L cpaiin o jo-bay o oo VO« Joleo J8lam Jobay cogdleay g anly aalsl Jls ad
g J515 g b Jload b (Gl 55 10 1ol g b B

s ,o ‘5)1-:\?),31»)7 f-w-14
S8 9ila,l S bulgs Y —F 101
srolazal jo 5o Jls calises abolis ;3 oY (slaygile,l jeolie Y=Y —F—10-4

LS slanygila, T uolio igd o draone gloliio 51 2 8l e (slo, Sl (gliva
5Q)|)_>)_:Jm)g‘-5l_an)|)_:JA_3‘L; Oyg0 3B 4O Lle&MAPU)Q 415)
AéjlaS“_ngJl\:)o.&p&é)f)l&)aY—\—f—\b—ﬁ&.g&gl]m‘_;&éx_’
Sl 608 Slhio JHas ol 86,05 s )5 gz Ky 40 o tias (gl ile,] a5

Sigd ools JIF Kos gz o ¥ =V = F =10 — 1 gy Gilhae Sadpez g

Jg;@w,b)lpebo)ﬂ:‘e‘aﬁa@a&,‘d Y=V\=-F=-10-1%
aals yue e Vore goluo by e Culses ay gls JIs (glys oy aaiie prlaws
990 )L j2eS ;5 polie

ey SYF. L SYE oo Sha gl -
IRV S+ clao,Shs (gl -
NETS SB++ (slos Lo (gl -

VPV 0-% 0 s

Spdy goi 1y 398 Il aals u‘-’j

( 15cm

www .hoseinzadeh.net TYQ

Aok (oo ggioe OUS (pl e Sl g)ls (S 43S 0



Py 9 5T ol pd gy 4 ad b SO sledle Judxit YAV

e
6 KN/m? 1 s a5 )39 olasl boas) ,b 9 9 KN/M? ol i 0050 b agles >k 1) 5 5.4m Job b ailas 4w b ad b 5 Jls

HIS ca o b
Qu = Max[ 1.2x9+16%x6, 1.4%x9]=204kPa

o calbes s -
Jb s Jus -V

5 (o0 e lel wlas gl bl el
5400
7 = 225mm
Jo e ppdss V)
(s sl @14 5 Ko 5l eslainl S,8 0
d =225-27 =198 mm

1.15 X 20.4 x (5.4 — 0.5 — 2 X 0.198)
V, = -
@V, = 0.75 X 0.17v/25 x (1000 x 198 ) = 126.22 kN

= 52.83 kN

.Q)L).S )Lu ‘5.»)) )53&)1 4 g 009 WL\A h=225 mm J"‘J’ J‘d Caolus
s> o5 4S5 o P SO PO oo o acwlxe =Y

_ 20.4 x (54 — 0.5)2
My _ext = 24 = 20.4kN.m - A, =318 mm?
oM, = 0.9 X A, X 400 x (0.9 x 198)

Ag_min = 0.002 X 225 X 1000 = 450 mm?

ol JBlas Jlade 5l iy a5 04 anlgm 452 mMm2 Ll s (5 e o 0 AS Jlade Oygo opl j0 0,8 soliiul @L12@25 3 g oo

(10 o5 AT gl o e St sloo Sl ailne Y

20.4 X 4.92

12—1st—int = —10 = 48.98 kN.m - AS = 763.5 mmz

@M, = 0.9 X A; X 400 x (0.9 x 198)

239y wolyz 769.3 mm? s e o 4o AS Jlaie 914@20 [/ oolizu/ 5,8 b

769.3 x 400
2 x 1000 x 0.85 x 25

oM, = 0.9 X 769.3 x 400 x (198 - ) = 5283 kN.m

S Alos A3 o5 4T o s cted sloo Ko il -F

_ 20.4 x 4.92
u—2st—int = T = 4453 kN.m N As = 694 mmZ

oM, = 0.9 x A, X 400 x (0.9 X 198)
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239y wolys 769.3 mm? s e o 4o AS laie 914@20 [/ ooliz/ 5,8 b

769.3 x 400
2 x 1000 x 0.85 x 25

oM, = 0.9 X 769.3 X 400 x (198 - ) = 52.83kN.m

el Jged LB

lds sl o Gt sl slao Sls aiile -0

20.4 x 4.92

M{;—lst = T = 3498 kN.m N As = 545 mmZ

®M,, = 0.9 X Ag X 400 x (0.9 x 198)
2392 walyz 565.2 MM* s o S5 ;0 AS Jlaie 912@20 5l soliul 5,5 L

565.2 x 400
2x 1000 x 0.85 x 25

@M, = 0.9 X 565.2 X 400 X (198 - ) =392kN.m

el Jgud 8
b Ao 0 St sies (oo Sls dile  -F

20.4 x 4.92

M{;—lst = T = 30.61 kN.m N As = 477 mmZ

@M, = 0.9 X A; X 400 x (0.9 x 198)
gy daly> 452 mm® ls e S 0 AS lade P12@25 [/ oolit 5,6 L

452 x 400
2 x 1000 x 0.85 x 25

oM, = 0.9 x 452 x 400 x (198 - ) =31.55kN.m
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Middle strip

Column
strip

Spandrel beam
in edge frame
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Column 45x45 cm
Internal-Beam 35x50 cm
External-Beam 35x70 cm

L2 670 cm

L1 530 cm

Fy 400 Mpa
g-Dead 400 kg/m”"2
g-Live 500 kg/mn2
qu=1.2*D+1.6L 1280 kg/m~2
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ol
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Slab-beam e —
strip £,/2 g
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| — beam = 1482624 cm*
357.5x153

I —slab =

| — beam = 1482624 cm*

287.5 x 153
—— —  =80859cm*

[ —slab =
sla B

I — beam = 585247.39 cm*
670 x 153

12

[ —slab = = 188437cm*

| — beam = 585247.39 cm*

530 x 153
—————— =149062cm*

[ —slab =
sla 1

www.hoseinzadeh.net

— 100546.8 cm* | **

4= 149062
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1482624

= = 14.74
100546.8

1482624
~ 80859

_ 585247.39
"~ 188437

=18.33

670/2+45/2=357.5 cm
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36000 + 9000 x (

. 530—-45
8.10—Direct design method

8.10.1 General

8.10.1.1 Two-way slabs satisfying the limits in 8.10.2 shall
be permitted to be designed in accordance with this section.

8.10.2 Limitations for use of direct design method

8.10.2.1 There shall be at least three continuous spans in
each direction.

8.10.2.2 Successive span lengths measured center-to-
center of supports in each direction shall not differ by more
than one-third the longer span.

8.10.2.3 Panecls shall be rectangular, with the ratio of
longer to shorter panel dimensions, measured center-to-
center of supports, not to exceed 2.

8.10.2.4 Column offset shall not exceed 10 percent of the
span in direction of offset from either axis between center-

lines of successive columns. 500
m <2 OK.
8.10.2.5 All loads shall be duc to gravity only and
uniformly distributed over an entire panel. , o2 =18.33
8.10.2.6 Unfactored live load shall not exceed two times &
the unfactored dead load. ! {3‘23?? al=1472 5.3 m
o8 '
02<—L2<50 (8.10.2.7a) I
oLt == i ﬂp—4 <
o4 =35
a5 X 670" _ 24502 oK 5.3
. — = 0. . & 2 m
where ay and ay, are calculated by: a, X 5302
Iy _l =
_ “cb”h
o, = _Emls (8.10.2.7b) 4 ; , 53m
www .hoseinzadeh.net TYA A3l oo faiane OLS ol Llas 5l glop S AsS 0
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8.10.3 Total factored static moment for a span

8.10.3.1 Total factored static moment M, for a span shall
be calculated for a strip bounded laterally by the panel
centerline on each side of the centerline of supports.

8.10.3.2 The absolute sum of positive and average nega-
tive M,, in each direction shall be at least:

M, =22 (8.10.3.2)

8.10.3.2.1 In Eq. (8.10.3.2), £, is the clear span length in
the direction that moments are considered, shall extend from

face to face of columns, capitals, brackets, or walls, and shall
be at least 0.65¢;.

8.10.3.2.2 In Eq. (8.10.3.2), if the transversc span of
pancls on cither side of the centerline of supports varies, £,
shall be taken as the average of adjacent transverse spans.

8.10.3.2.3 In Eq. (8.10.3.2), if the span adjacent and
parallel to a slab edge is being considered, the distance from
edge to panel centerline shall be substituted for £;.

alas X acwlre ¥
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b alas okl g Sbo slo ST (s -0

) Ln=5.3-0.45 o Ln=5.3-0.45 .
’ - ’ Myeg, = 0.16 X 25216 = 4034.56 kg.m
Mpos; = 0.57 X 25216 = 14373.12 kg.m
Myegz = 0.7 X 25216 = 17651 kg.m
Myegs = 0.65 X 25216 = 16390 kg.m
L o N Mposz = 0.35 X 25216 = 8826 kg. m

0.57 M, 0.35 M,
8.10.4 Distribution of total factored static moment

8.10.4.1 In an interior span, M, shall be distributed as follows:
0.65M, to negative moment and 0.35M,, to positive moment.

8.10.4.2 In an end span, M, shall be distributed in accor-
dance with Table 8.10.4.2.

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with | interior supports
Exterior beams Without | With | Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
Interior 0.75 0.70 070 | 0.70 0.65
negative
Positive 0.63 0.57 0.52 0.50 035
Exterior 0 0.16 026 | 030 0.65
negative

8.10.4.3 Modification of negative and positive factored
moments by up to 10 percent shall be permitted if the
total factored static moment for a panel, M,, in the dircc-
tion considered is at least that calculated by Eq. (8.10.3.2).
Moment redistribution in accordance with 6.6.5 is not
permitted.

8.10.4.4 Critical section for negative M, shall be at the
face of rectangular supports.

8.10.4.5 Negative M, shall be the greater of the two inte-
rior negative M, calculated for spans framing into a common
support unless an analysis 1s made to distribute the unbal-
anced moment in accordance with stiffnesses of adjoining
clements.
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Slab-beam
strip £,/2

Centerline
of panel 4,
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8.10.5 Factored moments in column strips

e e

8.10.5.1 The column strip shall resist the portion of inte-

rior negative M,, in accordance with Table 8.10.5.1.

Ln=5.3-0.45 Ln=5.3-0.45

2z

Table 8.10.5.1—Portion of interior negative M, in 4 o7 ’
column strip S e
£/t
anlr/ty 0.5 1.0 2.0
0 075 075 075 kg
>1.0 0.90 0.75 045 )
Note: Linear interpolations shall be made between values shown.

8.10.5.2 The column strip shall resist the portion of exterior
negative M, in accordance with Table 8.10.5.2.

Table 8.10.5.2—Portion of exterior negative M, in

column strip o ly 4y
72 100 - 1OBt + 12Bt ( 1 - £_

4 1
uﬂlz/ll B 0.5 1.0 2.0
0 0 1.0 1.0 1.0
>2.5 0.75 0.75 0.75
0 1.0 1.0 1.0
>1.0
>25 0.90 0.75 045

Note: Linear interpolations shall be made between values shown. B is calculated using
Eq. (8.10.5.2a), where C is calculated using Eq. (8.10.5.2b).

B, =—2 (8.10.5.2a)

3
Cc= 2(1— 0.631jﬂ (8.10.5.2b)
y) 3
8.10.5.3 For T- or L-sections, it shall be permitted to
calculate the constant C in Eq. (8.10.5.2b) by dividing the
section, as given in 8.4.1.8, into scparate rectangular parts
and summing the values of C for cach part. AETRETY

8.10.5.4 If the width of the column or wall is at least (3/4)£;,
negative M), shall be uniformly distributed across £,.

€,=5.3-0.45=4.85m

8.10.5.5 The column strip shall resist the portion of posi-
tive M, in accordance with Table 8.10.5.5.

Table 8.10.5.5—Portion of positive M, in column strip

[223)
anby/ty 0.5 1.0 2.0
0 0.60 0.60 0.60
>1.0 0.90 0.75 045

Note: Linear interpolations shall be made between values shown.

8.10.5.6 For slabs with beams between supports, the slab
portion of column strips shall resist column strip moments
not resisted by beams.

DU\ VI A U 10 153X55
C= (1 - 0.63—)T + (1 —0.63 —)— = 736529 cm* =1.954 < 2.5

70 55 3 - b= 2 % 670x153
12

aril,  3.1%6.7

=391 >1
L 5.3

- USE1

arly L, 6.7
Mygc—gxr = 100 — 108, + 128, l (1 — L—) =100 — 19.54 + 12 X 1.954 X 1 X (1 - E)
1 1 .

= 74.26%

afllz L2 67
Mpos—_gxr = 60 + 30 [ 1= (1.5 - —) =60 + 30(1) (1.5 - —) =67.07%
L L 5.3

afllz LZ 6 7
I, L 5.3
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M= - 4034‘ kg.m M= -17651 kg.m
M.Col.Strip=0.74*M= - 2996 kKe.m 1y co| Strip=0.67*M= - 11840 kg.m

M.Mid.Strip=0.26"M= - 1038 kg.m 11 niid Strip=0.33*M-= - 5812 kg.m

\

M= - 16390 kg.m
M.Col.Strip=0.67*M= - 10994 kg.m
M.Mid.Strip=0.33*M= - 5396 kg.m

M= + 14373 kg.m
M.Col.Strip=0.67*M= + 9641 kg.m
M.Mid.Strip=0.33*M= + 4732 kg.m

M= + 8825 kg.m
M.Col.Strip=0.67*M= + 5920 kg.m
M.Mid.Strip=0.33*M= + 2906 kg.m

8.10.5.7 Factored moments in beams

8.10.5.7.1 Beams between supports shall resist the portion
of column strip M, in accordance with Table 8.10.5.7.1.

Table 8.10.5.7Z.1—Portion of column strip M, in

beams
unlyfty Distribution coefficient
0 0
>1.0 0.85

Note: Linear interpolation shall be made between values shown.

8.10.5.7.2 In addition to moments calculated according to
8.10.5.7.1, beams shall resist moments caused by factored
loads applied directly to the beams, including the weight of
the beam stem above and below the slab.

8.10.6 Factored moments in middle strips

8.10.6.1 That portion of negative and positive factored
moments not resisted by column strips shall be proportion-
ately assigned to corresponding half middle strips.

8.10.6.2 Each middle strip shall resist the sum of the
moments assigned to its two half middle strips.

8.10.6.3 A middle strip adjacent and parallel to a wall-
supported edge shall resist twice the moment assigned to the
half middle strip corresponding to the first row of interior
supports.
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D=0.6t/m’
f. =200kg/cm® , f, = 4000kg /cm’ ol W o e o8
A : L=0.4
F ~—r| M,=37tm , M, =5%9m
B :1! —————————— « :i 'I— M, =4.6tm , M =T74m (v
ﬁ'iﬂ . id e M,=69%m , M_=11.0tm (v

i’ l__ D l“’ M, =86tm , M, =130tm (¢
:ﬁ::;::::rk 1

11 >

[ 6.0;\/L | !

Yoy

Cqulyl3 (1.2X0.6+ 1.6 % 0.4) X 4 x (6 — 0.4)?

ox 3 . =2132ton.m - Mj =0.35M,, = 7.46 t.m.
LyL% (1.2 0.6+ 1.6 X 0.4) X 6 X (4 — 0.4)2
My, = q”82 n_ ¢ 5 ) ( ) 132tmm - M; = 0.35M,, = 4.62 t.m.

www .hoseinzadeh.net AR A3l oo faiane OLS ol Llas 5l glop S AsS 0



Jolwo OB 559,V TAY

Slab-Beam <>‘/ Column Above
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p
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P

Torsional Member, Kiq
e
N

Torsional

Member, Kiq

Slab-Beam

\
<Column Below

Equivalent Frame Members
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8.7.3 Corner restraint in slabs R8.7.3 Corner restraint in slabs

8.7.3.1 At cxterior corners of slabs supported by edge R8.7.3.1 Unrestrained corners of two-way slabs tend
walls or where one or more edge beams have a value of as lift when loaded. If this lifting tendency is restrained by ed;
greater than 1.0, reinforcement at top and bottom of slab walls or beams, bending moments result in the slab. Tt

shall be designed to resist M, per unit width due to corner section requires reinforcement to resist these moments ai
effects equal to the maximum positive M, per unit width in control cracking. Reinforcement provided for flexure in 1
the slab panel. primary directions may be used to satisfy this requiremei

Refer to Fig. R8.7.3.1.
8.7.3.1.1 Factored moment duc to corner effects, M,,, shall

be assumed to be about an axis perpendicular to the diag- | Liong
onal from the corner in the top of the slab and about an axis ! (LLong)/5
parallel to the diagonal from the corner in the bottom of the l |
slab. ‘ i
§ 1 p— -2
8.7.3.1.2 Reinforcement shall be provided for a distance in l B-1 'g
each direction from the corner equal to one-fifth the longer ! As top per 8.7.3 —. iy
Span. ! As bottom per 8.7.3 : é
N ~I
8.7.3.1.3 Rcinforcement shall be placed parallel to the l !
diagonal in the top of the slab and perpendicular to the diag- i :
onal in the bottom of the slab. Alternatively, reinforcement !
shall be placed in two layers parallel to the sides of the slab E— T T T T q T
in both the top and bottom of the slab. OPTION 1 !
\ ‘-Long
! ( LLong)/ 5
| |
) 1 p— —2
I B-1 2
, 3
! As per 8.7.3 I §
| top and bottom N ~
. o,
l I
o

OPTION 2
Notes:

1. Applies where B-1 or B-2 has a¢ >1.0

2. Max. bar spacing 2h, where h = slab thickness.
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part that tends to punch out

FIGURE 128 Two-way or punching shear.

C1+d/2 +d/2
A—F
[T

I I C2+d/2+d/2
| |
| |

L —a

b0=2xC1+2xC2+4d

b0=C1+CZ+d

bo= C1+2xC2+2d

——

[~ 1 '
| I C2+d/2 I
I |

| ! |
I

f—t
C1+d/2 +d/2

C2+d/2

C1+d/2
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22.6—Two-way shear strength

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 comers of columns, concentrated loads, or
reaction areas

(b) Changes in slab or footing thickness, such as edges of
capitals, drop panels, or shear caps

22.6.4.1.1 For square or rectangular columns, concentrated
loads, or reaction areas, critical sections for two-way shear
in accordance with 22.6.4.1(a) and (b) shall be permitted to
be defined assuming straight sides.

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.

22.6.4.2 For two-way members reinforced with headed
shear reinforcement or single- or multi-leg stirrups, a critical
section with perimeter b, located d/2 beyond the outermost
peripheral line of shear reinforcement shall also be consid-
ered. The shape of this critical section shall be a polygon
selected to minimize b,,.

www.hoseinzadeh.net Yo-

22.6.5 Two-way shear strength provided by concrete
22.6.5.1 For nonprestressed two-way members, v, shall

be calgulated in accordance with 22.6.5.2. For prestressed
two-way members, v, shall be calculated in accordance with

(a) or (b):

(a) 22652
(b) 22.6.5.5, if the conditions of 22.6.5.4 are satisfied

22.6.5.2 v, shall be calculated in accordance with Table
22.65.2.

Table 22.6.5.2—Calculation of v, for two-way shear
Ve
0.330/7 @
0.17 [1 + ij_ ®
JXJ_ ©

Note: p is the ratio of long side to short side of the column, concentrated load, or reac-
tion arca and a is given in 22.6.5.3.

Least of (a), (b), and (c):

0 083(

22.6.5.3 The value of a, is 40 for interior columns, 30 for

edge columns, and 20 for corner columns.

\.-—--—-——-—--

\7 vy
|| / , \Crmcal section

(22.6.4.1)

/\ Effective load area

Actual load area

a
In = - ’ B:b—:

Fig. R22.6.5.2—Value of B for a nonrectangular loaded area
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|_—column \ .
| ~_ 7
)
\ Critical shear /
perimeter (b)

[

22.6.6 Maximum shear for two-way members with shear
reinforcement

22.6.6.1 For two-way members with shear reinforcement,
the value of v, calculated at critical sections shall not exceed
the limits in Table 22.6.6.1.

Table 22.6.6.1—Maximum v, for two-way members
with shear reinforcement

i Maximum v, at Maximum v, at
Type of shear critical sections critical section
reinforcement | defined in 22.6.4.1 defined in 22.6.4.2
$tirrups 0. 17?‘\/fc, (a) 0-171\/](; (b)
_'}EIeaded
shearstud | 0250 @  01TMfS | @
reinforcement

22.6.6.2 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 22.6.6.2

Table 22.6.6.2—Maximum v, for two-way members
with shear reinforcement

Maximum v, at critical sections
defined in 22.6.4.1

Type of shear reinforcement

Headed shear stud .
reinforcement ¢O'66 \/Z ()

www.hoseinzadeh.net A
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Saea 313 51,8 S8 Gyllas paladia b iloo 5w 1Sy 595 paglee 200 5ide Bas b e Jlo-24
K205 paglan a1 Olael 31 SCpalal ay (gl) b jogs S 3555 ol (Do) (o alaile
LI

l. 200mm , 30 mm_
I F L

.

2800 ¢4
3000 ¢r
T 3200 ¢v
3400 ¢

300 mm

300 mm

Y oays
oduzxiw 100mMm alols 4 b b il (0 200mMm s Sge Gos aS0l a4 az g b 0gd co dulee (gt 51 d/2 alold & mil lae

Py (o0
by = 800 + 441 + 505.8 + 441 + 800 = 2987.8 mm

1004300+100 x tg 22.5 =441 mm‘

o

100 45

100 2x100 x tg 22.5 +300x1.41=505.8

100

— ] 300

600+200=800 mm / ) ——

\100+300+100 x tg 225° =441 mm‘

100

600+200=800 mm

a2l o 2 las s S5 50707 s @
Db oo 653 o3Il et gl algS 31 d/2 alols 4 &l e @
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ol plas 1o (i) ad )b 90 o 31 Caaglin drwlne

Fa (\
Fa+\/;d I\
sa+vJrd (r
f—a+f\/\7d (f
b0=6<a+2§d>=6a+4\/§d
U Slaslo

U 5550 alold U g plicie (gdaame b 9 5o (ygv 4dyb 30 JI0 b ae)l s e lar S 50 =Y

180 J15 yige Cuolotuds 45 g7 ygu0yd «y30 6 5l St 938 30 ,SaaSy 51 Waygiu 3550

AWML g oy y9ilo,T 31 9 C25 (s £ 95 « yio huo 400%400 Lyigiuw adafio Slayl « yio ghao

90 O yMos (6ly oyigaigda’ s 33 Ve s poliie oyt (59505 Al 00l soliiuwl (ol
Fouwl 250035 23 polie 1 Sy plaS & (Jlee et S g9y JI0 4db

460 (¥ 540 (v 690 (Y 814 (
¥oans
0.33 ( 0.33 \
017(1+7) 0.17(1+2) =051
oV, = pMin ' B Jf!bod = pMin ' ( +T) o NI
0083(“"Xd+2) 0083(4OX180+2>—042
> by ) ' 2320 o

= 0.33./f/boyd = 0.75 x 0.33v25 x 2320 x 180 = 516780 N = 517 kN
Table 22.6.5.2—Calculation of v. for two-way shear

Ve

033041/ @
2 ’
Least of (a), (b), and (c): 0.17 [l + EJ WL ®

d
0_083[2+°;; Jx\/f' ©

(2
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3200 1y Wi g0 casny Vi=2vbed adal, 1 oS OFee opl 00edll (ln () adyb 90 By
& 13 Wil (oS soliciwst Sgan vind ol s 5l oy 95 3 padle 1 bl o oy auialaS

S >l sl (V=) oy guighed om0 900 4

1900 (v 300 ¢
1450 (¢ 3500 (¥
¥ oan s

O Ceglie cplply .l oo alS Gl 4y (o 3 Cwglie @l g Jeod gl (SeS oo ,e Sle,l 5l oolawl & jgo 40 a5 ogl s
Joz 1,3500-1600=1900 KN L ! g, aslsis aul oo (sloo Ko 2l cpl 40 045 oo yslaie 1600 KN L sl 5 3200 kN sl> 4

Ve = pMin

U Slaslne

oot 592 $ILAD S 0970 (59 red AT Can 3 o 400XA00 Sl 4y oSl o 4DaT (g ~0O
OSlal g 3t SIS 9 b p1 59500,T 51 (g 30 &K ygu0 50 3,15 41,5 1500x1500 mm olast 4
S das gly guor Sl o S Jraa gl Ve jlade cadils d=500 mm & P ok g ol
ot P 9 C28 o33 03 5) Tamwl 5350335 315 polie 1 Kt a1 o gaighal” o p2 4d o g0

400 mm (09 55 b Cuorlgisy l.f")"'.'d"‘i")"
550 ()
§._r // 850 (v
E 1250 (v
1700 (¥
¥ oaus
400
bo =650 + 650 = 1300mm =, =1 a; =20
0.33 ( 0.33 \
017(1+2) 0.17(1 2 0.51
- - : +-)=0.
B Jf!bod = pMin ( 1) NN
0083(%Xd+2) 0083(20X500+2>—08
: b ' 1300 e

0

= ¢0.33,/f/bod = 0.75 x 0.33V25 x 1300 x 500 = 804375 N = 804 kN

400 mm

S——

/‘650 mm

R

400 mm

_

650 mm ——
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99500 (gt 3D095 mgli oy Jhade Cunel 1200 M 4l o 15 60 it gy oS sl ~FF

3 ol J SaolaS 4 L gigleS sy JED allae g8 5 (gt (5l

5340 00 31 os Klone « 5o oo 1100yl o3 adaito S ha ot SanS p oB) Tl Sy sy
(o id poo S0 JUSH 531 51 Sl 35 (ruizpod ol (Jpans 3 C25 £95 51 oy 3

iﬂ_ﬂmn‘l $00 mm 6430
-
W7 9150 (v
§l_ i
3350 (¥
FR3D (¥
b, = (400 + 500) x 2 4+ 1100 + 1100 + 500 = 4500mm
0.33 0.33
0.17 (1 + 2) 2
. : ri _ 0.17 (1 + —) =0.51
V. = pMin B \/Ebod = @Min 1 \/Ebod
0.083 (“°Xd+2> Lo 083 (3o><11oo+2) —077J
> by ) ' 4500 =
= ¢0.33\/f/byd = 0.75 x 0.33V25 X 4500 x 1100 = 6125625 N = 6125 kN
0 Slewle

@iy dako b (Glao (i SO ety ST I S adybys by paliie gy STas -YF

39500yT 31 51 .Gl 137 guialaS 635 (09t o0lisiw! (o9 KBNS Uy 2y ya3le,T 5 azmilin

3t SV g3 lanogi 1y (5 9igleS T03 U palie (o251 5955 Do o0 99 o3liuwl (S o

3 SaolaS a3 KN s 31 o0l Cansddy paliio o g9 (S9 g 5 Coygu0 o) )0 905 u.:.nij'

() Comd ol ablgd By bt 3 sgkiielfog uale Kudp iy sloeiys

P 290 (B9 9 0391 0.1 S9ur (St alae bamme 4y IS yi3e Gos Sy ))
Jogd oo Jiko (yoim s JI5 31 gloadd Jolae

1338 (f 1020 (¥ 950 (¥ 703 (N
Yoans
inlple Wb oo SRolS Grai 4 g (S Coglite (o8 0 Ko (599331 L
oV, = oV, + @V, = 62—5+ 703 = 1020.5 kN

ke il cnlply a3l o0 635 KN iy @V = 0033/ fbod Jako aSul &y az55 b 09, 513 90.5flbod Wl b e

b el plp @V Gl Js8 S8
@V, < 90.5\/f/bod = 1.5 X 635 = 952.5 kN

22.6.6.2 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 22.6.6.2

Table 22.6.6.2—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 ,/ fc' (@
Headed shear stud M
reinforcement ¢O'66 fc ®
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Wil o Toomm ol g lacewd gle o g YAemm gl g lacawd S0 50 o dae des JYoomm
P srosie gy Paats 0 dueys i S0 o (L) Saiglysw adbed palie iy g9
e cod sl b o Sady 1 fowl

¥
Ae (¥
AF (Y
AA(Y
Ver _ ¢vcbordy _ bords _ 4(700 +180) x 180 _ 880 x 180 _ 0 _ 889
OVer  @Uboyd;  boyd;  4(700 +200) x 200 900200 7
AV (ol o

doomm ;) yo Juo FooxXFoo ahalo U 2o AP (5eiw ) 00 52 00¢lLh J15 ige as 51 1YY
Sl anlys (Aol Glime 4 & o5 Jangs 0l (yaali pgliie (g 1 (5905 b M3l Foomm &

~~ ~ ~
-t - -

<|t pl- |- |-
P
4

OV, @bgrd;  bpid;  4(400 +600) X 600 1000 X 600 4 L
OV, @U.bgad,  bgyd,  4(400 +500) X 500 900 x 500 3 3 o

VAT -1 sl oloslos

ols JUES oy giem 4 BT 51 Gle sa a5 a3 ,b ST el o0 Jaats g 4 bl SO 4 )0CM Culks 4 glal Jlo -TO
f‘::"oo kgv fy:fooo kg‘, d =iYcn QCM')J-EJ‘
W ! | em cm
P em v, Ton ()
T L~ AN S
Y (v
‘V Vo (f
Yoaus
0.33 0.33
0.17 (1 + 2) 2
. : ) ) 0.17 (1 + —) = 0.51
@V, = pMin B \/ﬁbod = pMin 1 \/Ebod
l0083(a°Xd+2)J 0083(20X120+2>—054
' b ' 520 o

0
= ¢0.33/f/bod = 0.75 x 0.33v20 x 520 X 120 = 69 kN = 6.9 ton
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~
-

My = AF,Z; = A F,(150) }Mz 200

L= My,=M; x(1+=
M, = AgF,Z, = AgF,(150 + 50)f M; ~ 150 2= M (+ )
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3 kPa )._>|).3 QT 043} )Lg 9 0.75kPa ).3‘).3 L§)L“’ S 09 yo )lg ML: < 120 mm ).g‘)._) p )49.9 Gos ML) = 150mm )._>|).3 J‘Q Ceolsus JL».A
Aoles 8 gl gt Slbl o 1) Lo Caglie ol o 2IMPa il 0 (6 lid Cglian il oo

B 55m N

55m
|

2.75m _L 2.75m

55m

275m

32.5+12

\.d = 12 cmy =44.5 cm
A A % —
pbepe
\ |

x|
\ \ 15+12=27 cm

2.75m

30cm

65cm

ek

qu = 1.2(0.75 + 0.15 x 25) + 1.6 X 3 = 10.2 kPa
b S by S

V, =10.2 X 2.48 x 5.5 = 139.128 kN
bl gl pglie By

1
oV, =0.75 x g\/Zl X 5500 x 120 = 412500 N = 386 kN
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V, = (5.5 X 5.5 — 0.42 x 0.77) x 10.2 = 305.76 kN
by = (42 4+ 77) x 2 = 238 cm

5 2.167
, F=30=2%
V. =017 (1 4 167)> V21byd = 1.498 b,d
40 x 120 = = =
V., = 0.083 +2)VZTbyd = 1.527 byd V, = 1.498 byd = 1.498 x 2380 x 120 = 427829 N
2380 I
V.3 = 0.33V21byd = 1.51 byd )
= 428 kN

0.75xV, >V, OK

_ //

Critical section for
Tributary area for
y N

2.75m

/\ ACE one-way shear-
/ L column 4

L\ two-way shear-column 2
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Fig. 16-9 Direct Shear and Moment Transfer
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(&) Transfer of unbalanced moments to column.
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(b) Shear stresses due to V.

(¢} Shear due to unbalanced moment.

g

{d) Total shear stresses.
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(a) Critical perimeter of an interior column.

2(b1d)bi/2 |
CAB— ——~ — ~ ~
{ 2(bid) + byd |

db3 b 2
1—21 + (b]d)(?1 — cAB) ] + bydcip

(c) Critical shear perimeter of corner column.

www .hoseinzadeh.net \td! A3l oo faiane OLS ol Llas 5l glop S AsS 0



Ll LeoS5 Llgu) YAV

Gos il 0 165mm s cwles cwl aid 3 )18 (5 o) (o Jlo <SG ad o 5 UK 3ilkae 300x400 mm ghade slal 45 gt S
sl
28l (oo ISOKN s 5 098 oo Jiie g ar JIo Gk 51 a5 (o8 (598 28k (o0 SBRN.M s (i 4y onigds e S
z
Cag=149 mm

: I‘/_ Critical shear perimeter
I

b, =540mm |::: s
D s d 140
. E—?—70mm

Moments about centroid of shear perimeter.

Jobezal S sy JLast 5 oo
el 03 o0ls olid 398 IS jo a5 gy walg> u?*’*')‘)‘d/z A.L.olsabs;‘):u.bmuuf LS")’”‘I"“"“’U‘*"' -\
S S e Y
470
Ay 20470 x 140) x 2

Cas = =1~ = 20470 x 140) + 540 x 140 _ L 12-26mm

Vu
_(,DVC 9 (pVC d.a.wl?oo -Y
by = 1480 mm

2
Ver =017 (1+ (1_33)) V24byd = 2.085 byd

Ver = 0.083 (2220 1 2)V2abyd = 1.97 bod [ PV = 075 X 1617 byd = 0.75 x 1.617 x 1480 x 140 = 251229N=251 kN

1480

V.3 = 0.33v/24byd = 1.617 byd

b —159—063
oV, 251

www .hoseinzadeh.net YFY A3l oo faiane OLS ol Llas 5l glop S AsS 0



Ll LeoS5 Llgu) YAV

i 5y 4 S S i s <
= 0.616

1 1
Yf - 1 2 |by - 2 |470
+§\/b:2 1+3 50

470 x 1403 4703 x 140
J=2 +2

2

470
) +2x470 x 140 x (T - 149.26) + 540 x 140 x 149.26% = 5.289 x 10° mm*

12 12

V.  Y,Myc _ 159000 0.384 X 58 x 10° x 149

=% 4 = + = 0.767 + 0.627 = 1.395
@u)as bod ~ ] 1480 x 140 — 5.289 x 10° mm?2
v, = 1.212
vy <g¢v, N.G
U sl

100 kN.m iy &8 olayb 5 00 Ssloadd Joluia  piuns S0 Wy 4 s Jlait S s -85
uu:»aﬂn.l: P J)ﬂd Lﬁ_!;lMé,&JﬂhdlﬂpLﬂu&. e gtw 9 J1S s il
dadle olal A’ (12 33 Sas! P33 5 polie 3 KaolaS & (kN.m St 1) D9l oo Jiiio

| Al po (=150 mm) 20, o 200 JIo Coolinis g e, o 400%400 Y

sio (F
| 60(¢v 100 ()
Voaus
M, M, 100
M, = - - = 60 kN.m
E ﬂ E ﬁ E 400+150
1+ 34/ by 1+ 34/ by 1+ 34 400+150

www .hoseinzadeh.net veY A3l oo faiane OLS ol Llas 5l glop S AsS 0



e ray
'Y
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,A4,, 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,)A4;, shall be distributed uniformly outside the
center band width of footing, where 7y is calculated by:

(13.33.3)

where P 1s 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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13.3—Shallow foundations
13.3.4 Two-way combined footings and mat foundations

13.3.4.4 Minimum reinforcement in nonprestressed mat
foundations shall be in accordance with 8.6.1.1.

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits
8.6.1 Minimum flexural reinforcement in nonprestressed

puy iy A
\zans

8.6.1.1 A minimum area of flexural reinforcement, A, min,
shall be provided near the tension face in the direction of the
span under consideration in accordance with Table 8.6.1.1.

Table 8.6.1.1—A; ,» for nonprestressed two-way
slabs

& S wiS oYgd JBlas -V-YY

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.

Figure R8.6.1.1 illustrates the arrangement of minimum
reinforcement required near the top of a two-way slab
supporting uniform gravity load. The bar cutoff points are
based on the requirements shown in Fig. 8.7.4.1 3a.

Reinforcement
type f,» MPa A, iy mm’®
Deformed bars <420 0.00204,
Deformed bars 0.0018 x 420 A
or welded wire >420 Greater of: £, €
reinforcement
0.00144,

www.hoseinzadeh.net v5s

To improve crack control and to intercept potential
punching shear cracks with tension reinforcement, the
licensed design professional should consider specifying
continuous reinforcement in each direction near both faces
of thick two-way slabs, such as transfer slabs, podium slabs,
and mat foundations. Also refer to R8.7.4.1.3.
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rﬂmm As= 15 x10? mm? (\
T As = 24 x10% mm? (¥
400 mm
. 1 As = 19 x10° mm? (¥
500 mmL d=420 mm
W = o 8 o a & o
As = 28 x10% mm? (¥
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