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1- “Reinforced Concrete Mechanics and Design”, James K. Wight, 2016
2- “Seismic Design of Reinforced Concrete Buildings”, Jack Moehle, 2014
3- ACI 318-19 (2019). Building Code Requirements for Structural Concrete and Commentary.
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Fig. 3-17
Tangent and secant moduli of
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19.2.2 Modulus of elasticity

19.2.2.1 It shall be permitted to calculate
E. in accordance with (a) or (b):

R19.2.2.1 Equations in 19.2.2.1 provide an estimate of E,
for general design use. Studies leading to the expression for
E. of concrete are summarized in Pauw (1960), where E. is
defined as the slope of the line drawn from a stress of zero to
45 percent of the compressive strength using the stress-strain
s - curve of the concrete. This definition is slightly different
E=wl008f7 (1922012)  jarine definition in ASTM C469. ASTM C469 defines E,
using 40 percent of the compressive strength.

(a) For values of w, between 1440 and 2560 kg/m’

(b) For normalweight concrete

E.= 47001’ (19.2.2.1.b)
W] oo Camwds 5 Dygo Ay (i Al Jgae polie ff = 25MPa sl
E. = 4700,/ f. MPa = 23500MPa ACI318-2019 o ,& ala,

kg . .
W=2400—% 5L

5056,/f; MPa = 25279 MPa :ACI318-2019 535 akal,

E. = W5 x 0.043,/f!

E, = W5 x 0.043,/f!

WC=2300% il
4743 /fT MPa = 23715 MPa  :ACI318-2019 .55 aku,

A5l oo i Anl] Jodo plp Vo JIA 390> 8Y g8 atiutnl] Joow (B = 2 X 10°MPa) o¥gs b anglis b
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Tension 4—|—v Compression

{d) Distribution of o4 on vertical diameter.
P

(c) Stresses on element.

www.hoseinzadeh.net ~ www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl el glodb " guio ;S3 " 0953 cpl Cllas jLizl V)




o lazin) Y49

°)5’°°°\:-?6)‘;‘f)l:’ ).:313-?-*

D9 (oo Oyl Ll 90 10 O3 ol s 88l sbiwly jo 5 IS8

g APt digad Ul oo Gili8l g0 4 07 15 3B il j0 03 ol i b lojen
105 g akaly LY gliwl) jo 0 Caglie g oo dmae LS ;;L;,..;.Laﬂ

0, = fCI + 410'3
1 sl 1o 6Lt Conglin O ool Lid Lial3il b bl o (O3 = 0) (550 S5 JLid i 20 Aiges (5 Lk Cenglin £ 555 alarl, o
b o Gl 3

20,000
// o3 = 4090 psi
16,000 el o1

g 7

< 12,000 e — —

f,’,- // o3 = 2010 psi

7]

% / / e o3 o3

s 8000 A~

= | t— g3 = 1090 pSI

E: / ‘

N _ .
Fig. 3-15 4000 73 550 pst g4
Axial stress—strain curves o3 =0
from triaxial compression
tests on concrete cylinders; 0
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strength f7. = 3600 psi. S
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Fig. 3-1
Stress—strain curves for Y
concrete loaded in uniaxial Tension 0 Compression

compression. (From [3-2].) Strain
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Table 21.2.2—Strength reduction factor ¢ for moment,
axial force, or combined moment and axial force

¢
Type of transverse reinforcement
Net tensile stain g, | Classification Spirals conforming to 25.7.3 Other
Compression-
g <8y controlled 0.75 () 0.65 (b)
6, <6 <&, +0003 | Transition! 0.75+0.15 &%) © 0651025 %) | ()
oo ' "7 (0.003) ' 7 (0.003)

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

UFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.
g0y=0.003 Compressionﬁ\

c
® -
A
0.90 “ d,
0.75
0.65 )
Tension °
Transition controlled ° q &t
Compression M _ 0 003' Reinforcement closest
controlled €= Ey Er=Ey + 0. to the tension face
Fig. R21.2.2b—Variation of ¢ with net tensile strain in  Fig. R21.2.2a Strain distribution and net tensile strain in a
extreme tension reinforcement, &, nonprestressed member.

CHAPTER 9—BEAMS
9.3—Design limits
9.3.3 Reinforcement strain limit in nonprestressed beams

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

sl (Tension controlled) iS JyuS g5 5l 5 Jso @illae sl sl oo By < 0.10f7Ag Wil jo a5 ole,s 558 oy sullas
w3l S400 g4 51 Jobo o Koo 51050 (Egy + 0.003) Jloo i o Koo carsy (5559 50 (35,5 ¢ CnSls ol alad o imy
Wl o228 o¥ed (s, Bl jo 23,5 Wil 0 8400 g5 5l Ll o Slo oS oy )5 4zl (o 5 39 walgs €y = 0.002 luis
250 0.005  Jslos
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R PR W d...wl.?bo 6)% Qﬁndj&k}.laﬁwﬁ&'om leff.fl»ijb é)ﬂ.uc Qoo f&lﬁ.a);) Jj..\} B

Fy fc beta rho-bal rho-max rho-min
400 20 0.8500 | 0.0217 | 0.0135 0.0035
400 25 0.8500 | 0.0271 | 0.0169 0.0035
400 28 0.8500 | 0.0303 | 0.0190 0.0035
400 30 0.8357 | 0.0320 | 0.0200 0.0035
400 35 0.8000 | 0.0357 | 0.0223 | 0.003698
400 40 0.7643 | 0.0390 | 0.0244 | 0.003953
400 45 0.7286 | 0.0418 | 0.0261 | 0.004193
400 50 0.6929 | 0.0442 | 0.0276 | 0.004419
400 55 0.6500 | 0.0456 | 0.0285 | 0.004635
400 60 0.6500 | 0.0497 | 0.0311 | 0.004841
400 65 0.6500 | 0.0539 | 0.0337 | 0.005039
400 70 0.6500 | 0.0580 | 0.0363 | 0.005229
300 20 0.8500 | 0.0289 | 0.0181 | 0.004667
300 25 0.8500 | 0.0361 | 0.0226 | 0.004667
300 28 0.8500 | 0.0405 | 0.0253 | 0.004667
300 30 0.8357 | 0.0426 | 0.0266 | 0.004667
300 35 0.8000 | 0.0476 | 0.0298 0.00493
300 40 0.7643 | 0.0520 | 0.0325 0.00527
300 45 0.7286 | 0.0557 | 0.0348 0.00559
300 50 0.6929 | 0.0589 | 0.0368 | 0.005893
300 55 0.6500 | 0.0608 | 0.0380 0.00618
300 60 0.6500 | 0.0663 | 0.0414 | 0.006455
300 65 0.6500 | 0.0718 | 0.0449 | 0.006719
300 70 0.6500 | 0.0774 | 0.0483 | 0.006972

F Slaslo
400%400 mm sleyl 4 ol yoyby pud S pud S 30 ST Hoilo,] adaiio adaw yiSTos Y'Y
SYgd 9 C25 03 3} pRfcuml JSud5 y1) olie 51 SaoluS a1 2450530 leo s 2
atlad (2 ph y30 luo 340 plp 1) adaio ;e LG, g 03925400 £oi 51 Lad ySlne
2850 (¥ 3050 (¥ 3400 (¥ /_,__\3580 (\

(01 08,5 o5 Ll ) o o i35 5 ol

2,00 398 Jylar 4 4z g3 b
Pmax = 0169 = Agpa, = 0.0169 X 400 X 340 = 2298 mm?

:Jgaz 5l eolazwl ey

__ 0003 3.
X = 0.003+0002% " g4 T el

(Bx x b)(0.85f7) = Asfy

_ (Bx x b)(0.85f/) _0.85x127.5 x 400 x 0.85 x 25

= 2303 mm?
s 3 400 o
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25.2—Minimum spacing of reinforcement
25.2.1 For parallel nonprestressed reinforcement in a hori-

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

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
I in.

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

@ @ @ %
@ o @ @ o o
. oV el
No Yes A Aol Second layer ﬁ' ® l
Arrangement of bars In two layers (ACI Section 7.6.2). _l_@ /( —Y_N\vy_ ¥
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FIGURE 6.26 Effect of compression reinforcement on the moment—curvature relation.
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x — 60 324 - 60
& = x 0.003 = 70.003 = 0.0024 > 0.002

255 (oo b ¥l 9,She Clns Jols g b o g (oo ales (5L slos S
C=T - (Bxxb)0.85f, + A4(F, — 0.85f.) = Ag,F,

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

. ( 0.003
X = =

0.003 + 0.005) 540 = 202.5 mm

£y + L +0.003
5l Wigd oo 5yl )lid gl Koo LTS 098 ) 955 (o0 a8 slao¥sd (3,8 X 38l 5l ey
x — 60 202.5 - 60

& = < x 0.003 = WO.OO3 = 0.0021 > 0.002

09 oo dpmilime iSTam 8 Shie Corlie Jolad iigi b b s o pebed g,lid slos She
C=T - (Bxxb)0.85f, +AL(F, — 0.85f.) = As_maxF,

(0.85 x 202.5 x 500) X 0.85 X 25 + 1000 X (400 — 0.85 X 25) = Ag_,,qy X 400
Ag_max = 5518.95 mm?
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f, = 25MPa E, = 400MPa

As=1000 mm? E 140
‘f

As=9000 mm? 400

N P

| 60

500
sl 22
Wigd g s 53 50 Ag 5 As S (o0 58 I
C=T - (BxxDb)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
il Wsd oo 6ol b AT 0 (oo gy 5 0055 drlne X bl ]y )l 5 o2nS las¥sd (15,5558 S ol
. (356 —140)
g =——7-—7"

x 0.003 = 0.00182 < &, = 0.002
356 &y

gl oo (5, 5 L slesYes ol

(S slas Koo (o 55l (o)

(540 — 356)

& = 356 X 0.003 = 0.00154 < &, = 0.002

Wgd ood 6yl o oiiS slaoYsd

FY 5l peS g lid 5 oiiS sboo¥ed jo s il X i3 )b Gee STl (p) 0 sl oo 5l (g lad g oS slaoYgd ipgn (5,8

1398 (oo dnloe py D90 4 g O dale>
(540 — x) (540 —x)
ge=— 7x0003 - f =¢&E=600— 2

X X
(x — 140) (x — 140)
gh=-"——"—72%x0003 - f!=¢E=600——"

gl Canscs X e ol alolae (yidigi by s

C=T - (BxxDb)0.85f. +AL(f! — 0.85£) = Af,
(x — 140) (540 — x)
(0.85 x x x 500) x 0.85 x 25 + 1000 x 6OOT —0.85%x25)=9000 x 600 —————

x = 333.634 mm

il Cewdy (5)La8 5 (2285 SladYsd (695 X (8L 5l oy
(540 — 333.634)

Ty = Agf; = 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 = 0857c) = 333.634 B

C = (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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diso o v
°© A ° Ag = 628 mm* o
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d:s’o
As
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~ ' Aho 256
SR Y =2 Gl
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6.3.2 T-beam geometry

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

Table 6.3.2.1—Dimensional limits for effective

Equivalent width for
uniform stress and overhanging flange width for T-beams
same compressive Actual extreme fiber Effective overhanging flange width, beyond face
force as actual stress . .
e compressive stress f; | Flange location of web
distribution P . ¢
for infinitely wide flange ]h
Each side of
web Leasi of: 5.2
£/8
6h
One side of web Least of: 5.2
£/12

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

tfao.SbW

I"r-—&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘_-
i \

b, S, 29 5 Olal 15T Aol bw \

o157 dlold Lacs
9=y Ol U
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" c

1394 dplons loaze Wb A Jlade 0,5 walss Joe SO T ahato wot 5l 25,5 adsla 31 -v
_ As(F)) — A (0.85f)

a>t - T - a

= (by)(0.85f,)
a

- oMy =9 (Ac1(0-85fc’) <d = %) + Ac2(0.85£) (d —~ %))

A =ab
cl W
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Yoay
S Joo lidaine alalie oS (2,8 ol

A 1.7 x 10~2p? 1.7 x 107 2p
Asfy =abx 085f - a= sy _ Iy _

b
- - 10=2
0.85//b 0.85//b 085 5

ol Cawds Jb Colbes 5l s (6,Led Al Gas g 0g0 olinil o8

adaie (33,8 Jos UK T (5,5 b Joles abal, 1S5
Aqf, (xb+2bxb>x085f’
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Asfy = 085f X— 1.7 x1072b%f, 085f X~ 6b b 4b
- a = ; b = - b —_ ; b R J—
0857/ () 085£(2)  ossf(%) 10 3 15
A (ol oo

i b s ) 0.85 Joleo oslis) 15 5 0.85f St b Llats 25 g5 s aled (Koo alioe) ;3 azmiliz ke JS3 T e 49
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b:foo M
Fy =400 MPa,fC’ = 30 MPa
h!.=W. mm

E AOYO (N
é AvYAL (Y

] A
et Ay AAYO (Y
b, =YA+« mm ERRTAGS
Yoays

OlF oo cplplo ) wialss pdus @ 50 il sles S lid o o 23 b lejen @l LuiVL oY 98l oalds olo 1,8 o¥8 S

0.003
™

x _d-x 3 4 =390
= - = — =
0.003 _ 0.002 XT3 mm ; \ x
d

€
600 mm /
(600 x 170 + (331.5 — 170) x 280) X 0.85f, = A,F,

170
Ag = 9385 mm?

0.85x
=331.5mm

v 5

Sl51 jess
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b £ Br€cu = 0.003 5 V53 el | o i Ey = 2.04 X 105 MPa )
6100 6100 f_c’ 6100 f_c’ 6100
As :1.2‘5 0.178 5100+7, bd (f 0.17p8 —6100+fy 5, bd (¢ 0.28 —6100+fy , bd (¥ 0.28 —6100+fy bd (\
[ - -]

55T oy |y les X Slie 423,5 oL 5L bl s lsies el 48,5 18 LVl Sl o Toaome alaiie a5yl 4y az g b

0.003
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A
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y
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Af, = ab X 0.85f, = =
sly = abx 085/c @ = 0.85f/b  0.85x 28 x 250

=186mm >t =150 N.G.

Dgr dle> Tada VO« Gos 5l 51,8 o ,lid aml g 0gs ol 398 59
g2 w2y larlo 10+ 5l 51,8 (,Ld aml Fes aSiul (28 L dlles I,
Asf, = (150 x 250 + (a — 150) x 450) x 0.85f;

D5 o loazme 598 Allus s p3Y 1AISS

o 18 L8 e 40 o0l oty Colue b 1) o Colus a5 Cann SIS

186 x 250 = 150 x 250 + (a — 150) X 450 - a =170 mm
oM, = (170 X 250 x 0.85f; X (415) + 20 X 200 x 0.85f; X (340)) = 406 kN.m

Cd D950 o a5 0 el Oelplis g oad aule wyas 4ol ol b 348 jlade
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Example:

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).

[/ =28 MPa, fr =420 MPa.

L T L * -
<y -
A A
o b
™
ye N
$ - ' —+
1.8m - 1.8m 1.8m |
) ;
75 mm H
A 1.8 m A
g = I ol
§_ e 4 225 I el 4 220 | - 4225
_ | |
300 min tom 300 m tam 300 mm
1500

Solution: " ,

From the Geometry of T-section:

by, =300mm, h=600mm, t=h, =75mm
A (4 25) = 1963.5 mm?

€00

b, is the smallest of:

7000 |, 30 ,l

L
(@) b.<bh, + 3= 300+ —— =2050mm,
(B) b, < b, + 16k = 300 + 16- 75 = 1500 mm, — control

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

Take b, = 1500 mm.

Agfy 1963.5 - 420

¢ =085 b, 085 -28-1500

=231mm <h =7hmm
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
B, 085

€= = 2718 mm, B, =085

d—c 537.5-127.18
g, = 0.003 (T) = 0.003 (T) = 0.0565 > 0.005 oK

Take ¢¢ = 0.9 for flexure as tension-controlled section.
M, =¢M, =09-433.74 = 39037 KN-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 0
(oXe} (oNe]
! 300 ! 2200 ! 300 !

Solution:

From the Geometry of T-section:

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

A (62 32) = 4825.5 mm?

by, is the smallest of:

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

(b) b, < by, + 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 - 20)(2300 —300)120 a:l: W M

— 2
200 = 2550 mm ﬁ
Agy = Ag — Agp = 4825.5 — 2550 = 2275.5 mm? 6232
00
Aswfy 2275.5 - 400
@=085fb, 085 -20-300 _ /847 mm 300

A, (62 32) are arranged in two layers

25
d=670—40—10—32—?=575.5mm

Mn=Asf]§,(d—%)+Aswfy(d—%)=

178.47
2

120
- [2550 - 400 (575.5 — T) + 22755 - 400 (575.5 - )] %1076 = 9684 KN - m

Check for strain g, > 0.005

a 17847
=5 =085 = 209.96mm, f, =085
s d, 25 32
dy=d+35+=7 = 5755+~ +— = 604 mm
d,—c 604 — 209.96
& = 0.003( - ) =0.003 (—209_96 ) =

= 0.00563 > 0.005 0K

Take ¢p = 0.9 for flexure as tension-controlled section.
M, = ¢pM, = 0.9-961.65 = 86549 KN -m

www.hoseinzadeh.net ~ www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl <ol ledb "é_,_;o 5SS L" 09> onl s jlzsl Ve Y




oo 1144

Example:
Compute the positive desighn moment capacity of the | 600 .l
T-section beam. | |
f; =20MPa,  f, =420 MPa. | |
Solution:
From the Geometry of T-section: 2
O
b, =200mm, h=650mm, t=hy; =80mm
A,(42 28) = 2463 mm? 0By
Checkifa > hy | ©OT% >
A 2463 - 420
a=—tsly =101.42 mm 200,

T 0.85f'b, 0.85 -20-600
a=101.42 mm > hf =80mm. The beam section will be considered as T-section.

085 f/(b. — by)hy  0.85 - 20(600 — 200)80
S f, B 420

Agy = Ag — Agp = 2463 — 1295.2 = 1167.76 mm?

_ Agf,  1167.76 - 420
T 085f'b, 0.85 -20-200

Ag (43 28) are arranged in two layers

= 1295.2 mm?

= 144.25mm

a

30
d=650—40—10—28—7=557mm

Mn=Asfjg,(d—i;—f)+Aswfy(d—;)=

144.25

80
= [1295.2 =420 (557 - 7) +1167.76 - 420 (557 - )] %X 107 =519.05KN -m

Check for strain & = 0.005

a 14425 0003

c= E =088 — 169.7 mm, B = 0.85 |
S d, 30 28
d, = d+i+7= 557+?+?= 586 mm
d,—c 586 — 169.7 %
& = 0.003( - ) = 0.003 (W) =
= 0.00736 > 0.005 0K

Take ¢p = 0.9 for flexure as tension-controlled section. 3

M, =M, =09-519.05 =46715KN-m
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Problems in Sl Units

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

is f. = 0.7,/f] with f/ in MPa. e 600 mm
EEEE——

Problem 2.42

] 100 mm
[ \
320 mm 500 mm
520 mm 2 #19
600 mm ° —\—
\ 80 mm
A
200 mm
[ [ ] [ ] i
1 80 mm
/ Y For Problems 2.45 to 2.47, compute the flexural stresses

|—<—350 mm—»l in the concrete and steel for the beams shown using the
transformed-area method.

Problem 2.45 (Ans. f/ =17.785 MPa, f, = 109.31 MPa)
Problem 2.43 (Ans. 46.30 kN-m)

\ y
\
530 mm Mol
420 mm 600 mm =130 kNem
500 mm n=9
2 #25
° ° - S 4429 ‘
¥ 80 mm e o o o =0 mm
|— 300 mm —{ f
—<—— 350 mm ——

Problem 2.46

\ \
20 kN/m (including beam weight) 420

mm
;V: /I;E 500 mm
l < 8m ! 4 #36

o o o o |——
80 mm
n=9 «— 300 mm —>] T
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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

Y

| 100 mm =28 MPa

T f, =350 MPa

2 #36
e o
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
e e o “
¥ 100 mm
e o o
y 830 mm
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Problem 4.35 (One ans. 450 mm x 890 mm
with 6 #32 bars)

For Problems 4.34 to 4.39, design rectangular sections for

. P; =100 kN
the beams, loads, and p values shown. Beam weights are not
included in the loads given. Show sketches of cross sections o = 25 KN/m
including bar sizes, arrangements, and spacing. Assume con- % Y o 71
crete weighs 23.5 kN/m®. f, = 420 MPa and f; = 28 MPa. ;E 8
_1
——6 Mm——>|e——6m—| P =7 Ps
- 12m
Problem 4.34 Problem 4.36
wp = 20kN/m wp = 26 kN/m
wy = 12kN/m % wy, = 20 kKN/m
1 LA
P=5Pp %
|
} 10m = l >m "
0.18f,
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
77 Ve
}‘3111 l 12m |ﬁ3m

Problem 4.38

]

Pr =60kN
wp=06kN/m

wy =10 kN/m

AAAAAA SIS

T -

_1
2P

ANNNNN\N

p

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)

/WMM%

N §m al
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b) Growth of flexural cracks and formation of flexure shear
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¢) Cracks before failure
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FIGURE 7.29 Damage at fathre m senes of tests on beams withoat transverse remforcement. (Afrer Leanhards, 1962)
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-
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Vdx = d(M)

ld 358 alaly o M =TZ 351> L
Vdx = d(T x Z) - Vdx=d(T)XZ+d(Z)xT
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il oo (owgd 3 See b (B JUSl osims (La 1S p9d 05

(Beam action) .5 o ,Slec L 5, Jls
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S Ay gy SL 4

Vdx = d(T) X Z
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22.5.5 V_ for nonprestressed members

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

through 22.5.5.1.3.
Table 22.5.5.1—V, for nonprestressed members —
Criteria V.
d h
’ AIH
017 £/ +—= |b,d (a) o o |
6Ag
Ay > Ay i Either of: ,b
1 ]\/Y w
0.66M(p, )} £/ +—= |b,d b
[ CRENEX &g]w (b) b
1 N
Ay < Ay pin 0.66A Mp, )\ [ +—— |b,d
i Mo+ fb © | 4 h
Notes: hilih L
1. Axial load, N,, is positive for compression and negative for tension.
2. V., shall not be taken less than zero. b
w

22.5.5.1.1 V. shall not be taken greater than O.427L\/7€’bwd

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

22.5.5.1.3 The size effect modification factor, A, shall be

determined by
/ 2 (22.5.5.1.3)
A, = ———<1.0 el
’ 1+0.004 d
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{0.17/1 £/ 4+ Min
ot all, Ve = Min

0.424/f;

1
_ (0.66/’1[)3\, f; + Min
Min

Gdo akal, Vo

0.424/f;

% )

64

0,05/ / byd
% )
64

0.0s5) |bwd

)

l.: S| ).:‘].: kSw)" ngAA A ‘)L) ‘) ua,cL?- J.SL).?- aS @La.c‘ L d95 LSLB °]“4~‘ 4 4.7-9.: l)
i dlal, Vo = 0174/ byd

1
v = Min| 066400, VI |, 4

‘ 0.422\/f)

G570 Sy W86 5 Pl iy 555le )T (sl (sl i
B30 el

( , 2 1 Ny

. . | 0.66 |—————2p3 /I + Min| 64,

(Jhs asile ) JBlas (o ,s5le T 036 sliel W = Min 1+40.004d """ 0.0s5) |bwd
\ 0.421/F;

(s asile ) g8l o ,5ite T 3l sl

97§95 8L 5

Ve

0.42A\F!

2 1
3 !
Min (0'66 /1 T 0.004d Pw v fC) b, d

29 Jlosl Cd p3¥ 00,5 Gl o 6lp As ple oo ) ol Billae g
13.2.6.2 For one-way shallow foundations, two-way
1solated footings, or two-way combined footings and mat
foundations, it is permissible to neglect the size effect factor
specified in 22.5 for one-way shear strength and 22.6 for

two-way shear strength.
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s b 435 50 Gy gl el oyl aulgy sS4 az g
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V., = Min 005 [bwd = Mm( s )bwd — 0.85b,,d
0.424y 7]
Lol plp g,lad b jpax )0 i (o Cuwglie
Ny .
0.174y77 + Min| 64 -
V., = Min Je 0.05p:) |bwd = Min (0'17*/% + Min (1.25)> b, d = 1.85b,,d
UoJc
0.42+/25
0.424F7
Ver _185byd _
V., 085b,d

7 Slewlxs
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( ) Y v, = Min| %% [T50.002a v A b,,d

97 S9,m0 28L g :
0.420/f;

2 1 2 1
53 4 — - T
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22.5.10.5.3 ¥V, for shear reinforcement in 22.5.10.5.1 shall S
be calculated by: ~

< P d
AL psioss |

V.

s

S

D (o0 dule g Oygo & hle poye slo,gile,| (s Ceoglio

22.5.10.5.4 V; for shear reinforcement in 22.5.10.5.2 shall

be calculated by: fi!
N
- a>45°—’\\\\"1d
B A,f,(sina+coso)d

(22.5.10.5.4)

V.

L)

S

158 (50 demle ) Ojgo a4 0ud 03 (Job slas Kle (o5 uaglie
22.5.10.6.1 The center three-fourths of the inclined portion
of bent-up longitudinal bars shall be permitted to be used as
shear reinforcement in nonprestressed members if the angle
a between the bent-up bars and the longitudinal axis of the
member is at least 30 degrees.

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

(a) and (b):
(a) Vs = A4,,s1na (22.5.10.6.2a)
(b) ¥, =0.25/f',d (22.5.10.6.2b)

where a is the angle between bent-up reinforcement and
longitudinal axis of the member.
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22.5—0One-way shear strength
22.5.1 General

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

Vo=V, +V, (22.5.1.1)

A0 Slewlxs
3 SaelaS ay 3 KD ;0 o sals Ol by y0 o ks pglis Ly 584 jlado-TA
P11 aikes 8340 Lcgals 2V e 9 Jpane £ 31 9 C25 () Touw! [0y polie

400 mm

,J‘_“"'l]_eo (gts ;1008 jor () Coglio Lyt 0 (500 Hhdid g o
mm
- 247 kN (A
§ BLOG100 mum 291 kKN (¥
T1060200 mm
363 kN (Y
1 EOmm 385 kN (f

i akl ) Vo = 0172y f/b,,d
- 1
65::463)9&[55“)5\»‘5&}‘ 95[.,0“5“.56[..2:5‘ 3 7
) BLASINTIS s all, V, = Min 0.664p;, \/E b,,d
0.42M/f/
Aok pasie P, 5 Job 0,8l dusy0 sl 380 alal) Sloslaznl g @
d}wcsaaéla.u»‘ kS“JJAJ d.b.:l))‘d.li..mu.:‘d})é

PV = @V + @Vs
oV, = 075 x (0.17 x {/f{b,,d)

d
oV = 0.75 (;Avat)

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

V. = 0.75 (440( X 52) x 340) +0.75 (440 (27 x 52) x 340) — 220 kN
P =572 200 V" 2 \100 " -

oV, = oV, + @V, = 112.2 + 220 = 332 kN
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fc=300m ) fy:P)OOOW
by
PV = @V + oVs
oV, = 0.75 x (0.17 x {/fbd)
d d
oV, = 0.75 (;A,,Fyt> (sin60 + cos 60) + 0.75 (;Avat)
@V, = 0.75 x (0.17 x V30 x 350 x 500) = 122.2 kN
500 V3 1 500
= 0.75 (5= (2m x 52) x ) —+= : (— 2) x ) =
oV, = 0.75 (250(2n 52) x 300 <2 +2>+075 Seg (3™ X 67) X 300) = 198 kN
oV, = V. + oV, = 122.2 + 198 = 320.2 kN = 32 ton
10 Sl
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oV, = 075 x (0.17 x {/fbd)
0.75 (4,F, ) sin 45

d
V, = 0.75 (—A F >+Min
Ps s v {0.75 x (025 x \/fb,d)
oV, = 0.75 x (0.17 x V25 x 300 x 530) = 101.4 kN

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

200 0.75 x (0.25 x V25 x 300 x 530)
{ oV, = 101.4 kN
_  (208.1kN _
@V = 124.8 kN + Min { a0 ey = 2738KN

oV, = oV, + @V + @V, = 101.4 + 273.8 = 375.2 kN
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138 KN , 144 KN (v 23KN , 144 KN ¢
216 KN ,0.6 KN (v 23 KN ,54 KN ¢

ACI-318-19 oLl .
oV, = 075 x (0.17 x \/fbd)
0.75 (4,F,) sin 45

vls = Min {0.75 x (025 x yf7b,d)

@V, = 0.75 x (0.17 x V25 x 400 x 600) = 153 kN
i { 0.75 ((3.14 x 62) x 340) sin 45 = 20.4 kN
n

V. =
v 0.75 x (0.25 x V25 x 400 x 600) = 225 kN

= 20.4 kN
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7.4.3 Factored shear

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

7.4.3.2 Sections between the face of support and a crit-
ical section located 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 V, at that critical
section if (a) through (c) are satisfied:

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

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

b¥vy I EEEERRER) I ER R

y P , !
S —] 1 et

R s Y

d ) i/Gritical section

' APEp S P mhe O |
________ S ___ ] da
A ARREAR ' /
el |
14 - | | 4
¢ ®£_£_d

www.hoseinzadeh.net ~ www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl <owl £ledb "é_,_;o S3L" og5e opl e HLisl VY




v YA
AD olﬂ

:Lul_lﬂlﬁu,-lfbu,_l,‘idth'KN.m.:,__S' u‘-l"';JlfJ LR _"’L..\H}:}.L}JJP\-JJbl,a:L-J:-'&iJJ—\\A

T KN Yoo KN yor KN (v A+ KNGO

Voag;s

25 slaysilel Jolss -A-¥
Wl o S5l 2 slaygiley] Jolsh S gld 1) (oo5e slaygileyl (S slawi 4 (G35l $50) Blo slo S a5l ligebel (ol
9.7.6.2 Shear

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

9.7.6.2.2 Maximum spacing of legs of shear reinforce-
ment along the length of the member and across the width
of the member shall be in accordance with Table 9.7.6.2.2.

Table 9.7.6.2.2—Maximum spacing of legs of shear
reinforcement

Maximum s, in.
Nonprestressed beam Prestressed beam
Required Along Across Along Across
Vs length width length width
S <d/2.600 mm Lesser dr d 3h/4 3h/2
X y <
P <0.33,/f%,d of o~
< d d/a dr 3n/8 3n/4
I >0.33,[fb,d | oS
of: 300

S

d/4, 300 mm

o

www.hoseinzadeh.net

9.7.6.2.3 Inclined stirrups and longitudinal bars bent to
act as shear reinforcement shall be spaced so that every
45-degree line, extending d/2 toward the reaction from mid-
depth of member to longitudinal tension reinforcement, shall
be crossed by at least one line of shear reinforcement.
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CHAPTER 9—BEAMS
9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 For nonprestressed beams, minimum area of shear
reinforcement, A, ,;,, shall be provided in all regions where
V.>0.083 (I)X\/Tc’bwd except for the cases in Table 9.6.3.1.
For these cases, at least A4,,,,;, shall be provided where V,, > ¢ V..

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

Vus Ve
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 h <600 mm
normalweight concrete conforming to and
26.4.1.5.1(a), 26.4.2.2(i), and 26.12.7.1(a) < 5
and with £, < 40 MPa V<0017 fb.d
One-way joist system In accordance with 9.8

olai 5,5 Sgels 3 U3 5o let B asl sl ok 5 s ) Slasine b ot 8 Ky o5l
b=400 mm, h=500 mm, d=430 mm, C25, S400

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

52U e o 5 O] 50 aease lid a5 amae Lt o pln ) edd dsle by ileyl oy S o ETABS l5dle @
3,05 Sgels 4y 5L gl asl ol Blod 4 g 00g

ool atuy K5 5l b Ch Job a)) Slmw axb Jsb 1o 50 sleil 90 j0 059 g Lawgin (ied sleald sloy (0 aS gl azgs @
S iy 5 ol A i IS Sy 313 5 il g a2l sy el @ Sl a Gl (5 S Bl &) 352
solitsl rgals 5l s soled 5 Cymmskige ol s 055 axlge JSitie b aplis Jsb csloygile,T (gly2l condii 8 ogels o5 4o
(L5 5 b Sl Bld 4 ST 2>) wiSCe
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9.6.3.4 If shear reinforcement is required and torsional
effects can be neglected according to 9.5.4.1, A, shall be

in accordance with Table 9.6.3 4.

Table 9.6.3.4—Required A, nin

Beam type Ay minls
’ bw
0.0624/ £ ()
Nonprestressed T
and prestressed with Greater of:
ASS€<0'4AS M+AS
e < 04U S + A 03500 o
S
b
0.062,// =
£ (©)
Greater of:
. b
Prestressed with A4, fe. > . 0.35—*= (d)
044, fou + AoS) Lesser of: /s
80 fy,d \r ©

Lholgd S (o8 gyl ey | a3 JBlas ogels aSyl (5,3 L1 a3Y Sgals b Bl g olaseie b i e o 1l

bs,w UoJ‘s S300 (5@).: kSWJ" LgL‘bo).iL..o 09, ML» s=200 mm ):‘).: o~ )‘ LQJjAlD-

b=400 mm, h=500 mm, d=430 mm, C25, s=200 mm

(0.062\/E£—Wt

— = Max Y -
S bw
0.35—

Eye

- 2mr?=9333 -

www.hoseinzadeh.net

400
0.062\/ﬁ—0 =0.413

— — 2

200 = Max N 354 0  osces - A, =9333mm
300

r=3855mm - dy,=771mm - @8@200
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Gor oS 28 Jle sl ks (il 55 5 6l Y Dgels il (g BB 5 S Jlaie (VU) 15 5 o)y (o5 0 (5955 45 (63130 50

Vi < oV + oV

S Jeoss 1) o aBlosl wilgin 5 Bl Lol 3l s Sgels o b VU iol33l b
2,5 el Sgals 10938l L1y oy a8lal alesds (sum ;o U lgi sed g polo Coogasme alayly (pl o
el 00l 7 olae Codgaste (pl gy ai o
22.5—O0One-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:
V,=V.+V, (22.5.1.1)

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

V< o(Ve +0.66[f b,d) (22.5.1.2)

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

0SS |y 5 polie b=400 mm, h=500 mm, d=430 mm, C25, s=200 mm clascie b o 8 G o 0l
PVe e 5 walie =)
355 3)ls 55 4 s S VU (o5 (59508 ST Y

PV 5.8 slagilo)] o oo ST -

@V = 90.17\/f/b,,d = 0.75 x 0.17v/25 x 400 x 450 = 114.75 kN
oV = (VC + 0.66\/Ebwd) = 0.75 x 0.83V25 x 400 X 450 = 560.25 kN

oV, = V. + @V, > 560.25 = 114.75 + oV, — @V, = 0 = 445.5 kN

abaiie olal (33 bl Gial38l 58 alalie slal by ©j50 (ol 2 55 05, 51,3 560.25 KN 5l auls 358 55 p o)l (oS0 598 @
wilee Gl 5 8 slre (2B Ceaglie 2SN S g 2 G (B p Creglite (d D) s
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Y Slewlbw

e 9 aildy Job 4 JSb Julaiuwe ahaiio b azsluiy do)ohs oolu yuw 90 i Sy -00
05 yo CulgiSy, 0 yiun Ll 31 Cand 525 mm aladie g0 g5l 3 400 mm alaio e
o il ablg 1,5 15 KN/M o0 i lgisy 03y )l 5 (o (339 Jolid) 20 KN/m
N Sgud 0010 51,8 by 9ile,T Mol i Jab 3w yo Wiz 53 JBlas (5 k5 sglodr anS
31 ot e 10055 okl Fowly a4l 3T 01 Q050 9 o9 HAS o a3l oI5 adlge

(09 4z8 ,F a5 )0 S340 £45 31 5 Ko 9 C25 00,

TERERETTEETRY 22,5100 (1

:(%

RV 70 (Y
N a0 50 (Y
9 m . 2

7 Qo0 30 (¥

Yaus

o oebyl 4 ks st (1, < 0-083g0\/ﬁbwd) 5 O sy Caglie il | S (VU) 45 5 0yls o g bp a5 bl o

RPTIRAPE

kN
Gu =12qp +1.6q, = 48—

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

- x=3.106m
b Vu=216-48x
TTI PTItidldey

T
216 kN

am %lékN

u_v‘).'l.u \59....4 oslo )‘)3 G.»f )9JLQ)] AJL; S| 669 kN )‘ O“"" 0)15 U’“"J“ as ).u LSLQ‘J.J 9 ‘..\.u‘ e

‘ o i 2 x3.106
o oalo JI8 by yeile,l b aS 15 Job 5l gao,e = — = 0.69 = 69%

=3.1m

66.9

66.9
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A Slolxe

PS03 g5 polie 5l SpaldS Ay a9l pe (Si0) G2 b S Cype i &5 ) 4 plaiie pylie By (5oy0 VF
(fyv =400 MPa , £, =22.5 MPa) $15l

| =—30cm—

- — V=390 kN 1

T—_' . V=373 kN (v
40 .'"f:-.'- ook - $12@80mm V, =350 kN [v

L V,=327 KN (¥

14 ‘

& T

¥

oVy = oV + @l
= 0.75 x (017 x {/f{bd) + 0.75 (gAvat)
340
= 0.75 x (0.17 x V22.5 x 300 x 340) + 0.75 (W (27 % 62) X 400)
= 61.688 kN + 288.25 kN = 350 kN
Slas ohp Ceeglie J S

V, < o(V. + 0.66\/f.b,d) = 0.75(82251 + 319327) = 301 kN

9 — el
(f¢=\’aMPa fy=\"ooMPa)?mlkNQ.,,q,),géun,.,mgaﬁa,g -1
WY ()
S0mm G\ e ® ﬂ VYL (Y
YIS (Y
Ya4 (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

(78.5 x2 5024x2 V,=354kN - @V, =265kN

o= (S + Tea—) X 350 x 300 = 235 kN
o Gigels S
Av_2><3.14x52_|_2><3.14><42_224 > max(0.062 ,bw_04035bw_046 0K
s 100 150 ax|0062Vfc - =04035%"=0.
Slas ohp Ceeglin J S

V, < o(V. + 0.66\/f.b,d) = 0.75(119000 + 0.66V25 x 400 x 350) = 436 kN 0K

o Ggols alold S
350

d
V=235 kN £033{/f;h,d =231 s<y=-—=87.5mm

L ol iy adaiie slove Caoglie 15STam ally sl Sl e | i b Oogels Lolgd
oV, = o(V, + V) = 9(119 + 231) = 262.5 kN

www.hoseinzadeh.net ~ www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl <owl £ledb "é_,_;o 5SS L" 093> oyl Alao jLuzil \YY




SRS

Y Sl
03y wlul (g 5185l) Slasiie jle KD Gl 51 a8 Bl aidyrio B g A ablia b ygimgs —F)
ol Bt Caglie (0903 13 allly ey S (g UKD Juolyd o3 ;S £45 5 SMatsi jobas iy
ol T 55 Sladis 35 51 SaalaS g3 93

w9 93 55 D Caaglia ()

’.‘ Al e A Ot B OFs 3 Caglie (¥

b B oy ) G A e i gl (7
k ‘ SRS L o Laas OF 80 D by Caglia (Y

A 8 el Py sl e
Yans
(Ap)a = 2mr? + 2mr? sin45 = 3.4mr?
(Ay)p = 3mr?

Y sl s
P ol Ly (NS gals Joolgh 9 o655 9 Jab W ygile,T Slad olal (V) g (1) ae)] 3 alade 90 o -1F
ol 00 0Mii! SO Billae (gt p0 Ay Srgals 90 51 (V) alalo )0 9 (g0 Giwn Digols G 5 (1) ahaie
(X ,_,._ub' oy Coglie & (V) adaie ;0 (VS) gy Wb eile,l awyi oud w‘.‘i ey Soglie Comi
2wl plas Iogan (1) alaie 30 (58 s ygite ] dauwgs

7S

LY (F

)
fays

09 48,5 515 10 sl 5B adge sl 90 sledles 3,50 40
(A,), = 2mr? + 2nr?sin45 = 2nr? x 1.7
(Av)l = 27.”.2

sto)97a)] 5l 9, =400 MPa o f.=25 MPa 5 d=40 cm « b=25 cm a5 3,00 ;o -1
sy alake palie oSy Sayd bl oud eolinud KO llae 03 yemue y Oges g
] S35 4358 AL g oFpaigle
385 (\
400 (¥

@ 102100mm 350 (¥
o]
_— 420 (f

www.hoseinzadeh.net ~ www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl <owl £ledb "é_,_;o 5SS L" 093> oyl Alao jLuzil \YA




SRS
0 Sl
st 357l 3 4y Jelye plas pglio oyt (5o g gt s97layT by oyTits pu5 Sy 50 YT
P ot 597k, T Aol amilio uidly o (Vi) o0 595k,] 51 il Caoglio whaai (Ve)
uu,l,_g,,uu.m.duhomwls,ubuui Sl e 4 Wb u-.llSuiuJJJlm 4y yad
Tl TS5 5 Slast 5l el 4y Slud Sl 4 2l L,.-l,a” palio

1.75 (¢ 1.50 (v 1.33 (¥ 1.25 (1
VoS
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d = 800 mm P Ty T AVY KN ()
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L NN 1ov0 kN (v
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b,, = 200 mm 14¥. KN (f
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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
99,1 General

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

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

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

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

Avh“ ) Av . )
‘gaé'gs:ﬂﬁ)?lﬂﬂ' L ﬂms&ﬁ;y“l.off ' Jy&smw‘_slk)yl.o;.f

Y- - RN |

ShI } RSP - SO SN |
= = fs—f - 5 g Sl 3 g3le T
n _ —
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— 1 _ _ AS(FY) _
Ag(F,) = (ab)(0.85f) - a=px= OICETA 0.22d

0.22d
~ My, = AFZ = AF, (d - T) = A4F,(0.89d)
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Ves 1. Direction of shear force V, depends on relative magnitudes
of gravity loads and shear generated by end moments.
Column shear ]
ly /_ 2. End moments My, based on steel tensile stress of 1.25f,,

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

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

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

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

(a) through (d):

(2) 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| qsa

s<
6y (o 25T 28)

150mm

/l,

d/i4

S 8dp (s 93T )
<

- [24dp( =5 ) 5
300 mm 8 Pl
(0329 9 tawgio)

-

= <>

/

N

2h

s<d/4
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
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18.6.4 Transverse reinforcement

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

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

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

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

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

22 8l g (s )0 (S b i sk (slas Ko (Gl (1) 53 Sl 59 )0 Lawgie slays Y5 055 slays 0 @
Ly D303 Sy oMo (il ALIS (gl (Jsb 0, SLe B L g sz ST Jle gl (Udgiw (Job 0,8k aiile) Wigd Sl
g2l oY 5 Sl Gl SG (Sl
3 b Bl 500 mm (oye b 15 Sy (6l Do o (bl 350 MMl s il 55 (6l 9,800 90 alold iSTas @
ges o0lainl (6 puil o 0 Xhie 55 51 S Bl5 (0 400 MM (550 @ (555 sl (Jg 0909 sk ok 0 Shes
00 o i |y g (Gl 4l o by (Jsb slaysiley] (il e 5l sl diges 5 S

Where slab is on both Where slab is Where there is no slab, or slab
sicles of crosstie, on one side only, does not confine crosstie, use crosstie
alternate 90° and place 90° hook so with 135° hooks (shown), use double

135° bends it is confined by slab crosstie, or use hoop without crosstie
$< 14" (350 mm} \ _l

(@) {0 (d)

Notes:

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

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

3. Alternate crossties (1) end for end unless otherwise noted.

(Moehle ;0o OS5l a5, ISs)
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UDCON1=1.4D UDCON2=1.2D+1.6L UDCON3=1.2D+L+EX
UDCON4=1.2D+L-EX UDCON5=1.2D+L+EY UDCONG6=1.2D+L-EY
UDCON7=0.9D+EX UDCON8=0.9D-EX UDCON9=0.9D+EY
UDCON10=0.9D-EY
&
3 8 &
o & —y
o3 © o
[} o -~
d g 4
UDCON1 b= _ 2
;I.?- UDCON2 & UDCON3 %
&
= -—
3 3 3
e i 3
5 | g 5
M~ 3
© UDCON4 UDCONS S UDCONG6
o [
w =t
3 & 9
2 & =
'I_'. | = &l
i
. | |
UDCON7 g o UDCONS8 UDCON9 g
.
=
o™
N
Tl |
N !
X UDCON10
Wil (oo gy Oyge o ldyb oS 5 S @ bgpe og el Sho
kN.m
179.946 188.994

T3 17

I/U,V’u“\ku\l

-266.716 -296.158

il Loyl lawgin o s Blas lalgs b oll slo 5 polie

Type of  Ordinary Intermediate Special
Check/ Moment Frames Moment Frames Moment Frames
Design (Non-Seismic) (Seismic) (Seismic)

No Requirement

. 1 + 1 _
Mu,end 2 gMu,end Mu,end 2 5 u,end

-+ 1 + — + 1 + —
Mu,span > gmax{Mu My, }end Mu,span > Zmax {Mu My, }end

1 _ 1 _
M > _max{M;‘,Mu} My span > —max {M,j,Mu }
5 max 4 end

na _ 296.158 ena _ 296.158
o= —=5923kN.m  —P%="——=9872kN.m
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i+ laz 2M,, _0.85x 25 x 450 440 14402 2x296.158 x 10° | 074,189 5
0.85¢f/b | 400 0.85x 0.9 x 25 x 450 |~ /o7 mm

APPRIGR _ 5074189 mm?

i+ laz 2M,, _0.85x 25 x 450 440 4407 2x188.994 x 106 | 1269.786 5
0.85¢f/b | 400 0.85x 0.9 x 25 x 450 | -0 /eomm

ALotRight _ 1269.786 mm?

L _0BSfb( | 2, | _o85x2sxasof | 2x266.716x10°) .. ..,
s~ F 0.850f/b | 400 0.85 % 0.9 x 25 x 450 | — o> /oo mm

AlorTLeft _ 1845 753 mm?

s

= 1205.049 mm?

2M, 0.85 X 25 X 450 2% 179.946 x 10°
= 440 — [4402 —

 0.85¢f/b 400 0.85 X 0.9 X 25 X 450

bot—Left
s

A = 1205.049 mm?

d+ [d?— = 1276.969 mm?

0.85¢f/b 0.85 x 0.9 X 25 X 450

2M, 0.85 X 25 X 450 2x59.23 x 10°
= 700 440 — 4402 —

s top—Middl
Abot-Middle _ gtop=Middle _ 380 82 mm?

Sl jeileyl g JBlas Heile,l Jous

14 V25 ,
Pmin = Max { 755, 7= 705 = 00035 > Agin = 0.0035bd = 0.0035 X 450 X 440 = 693 mm

25 3
Pmax = 0.85 X By X 705 X == 0.019 = Agpay = 0.0169bd = 0.0169 X 450 X 440 = 3353 mm?

o..\.n] Cowdy Asmln:693 mm”2 ).)‘)J Jﬁ‘d} )941.,0)] Ml} B | o..\.n] Cowdy 380 mm~™2 )J‘)J u.ula 9 Yb B ).u LS,L"" é)ﬂ.uc o

20,5 oolaiwl Slawlxe o Kl ol 1.33 51 lgts 398 JBlas cole,y gl 4y .ol

bot—Middle _ atop—Middle _ .. 693 — 2
As =4 = Min (1.33 x 380.82 = 506.5) 506.5 mm

1 #22=380 mm2 1846 mm? 506 mm? 2074 mm?

2 $22=760 mm2 1205 mm?2 506 mm?2 1270 mm2
3 $22=1140 mm2

4 ¢22=1520 mm?2
5 $22=1900 mm?2
6 $22=2280 mm?2

2422 3922 3622
[ [

skl )

oS 0 eeles lee Jsb 4 bgspe Jab o piin oS Bl 2022 iilgis 1) 58 (6l gl 0 Koo oS 050 azgs @
Dl s B)lae Sugi slos Ko ahad Jowe b ol Slawlre p3¥ lade 5 o Sl yigo Sleo 0 Khe colue
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il (oo ) D)ge @ ()8 slas Ko 5l 9,5 a5 SBro b) Lol 9o polie sla S ol

a AF, 1520 x 400
Mictegi-ros = Mnosigne—ros = AsFy (4 =5) = 4sF, (d = 55t ) = 1520 x40 (440 - 122225
85, .
=248.19 kN.m
M = AF (d a) = AF (d Asky ) — 1900 x 400 (440 1900 x 400 )
n-Left=NEG = “isTy 2/ sy 2x0.85f/b) 1.7 X 25 X 450
=304.12 kN.m
M = AF (d a) = AF (d Asky ) — 2280 x 400 (440 2280 x 400 )
n-Right=NEG = ©sTy 2/ s 2x085f'b) 1.7 X 25 X 450
=357.79 kN.m
M-Left-Negative 304.12 kN.m
M-Left-Positive 248.19 kN.m
M-Right- Negative 357.79 kN.m
M-Right- Positive 248.19 kN.m

S5 28l lisabl Caz OS5 35b Slinlons 55 5 e e s Caoglie draline 3 5,088 0 Shs 3,5 5 Bpo @
ol JgB BB b cplplo 5 (do )0 S o j0) o)l 652l (50 6 Lid o Sl 15 ol )0 spiie 09 00 Yl cpl coul

ASen 5 o 528 Sk S e (a5 Cunglie aalona 3 5 ETABS J3l o5 o

Slewle ETABS (1581 6 55 (00ud dwlono o Sl ulusl 5 45) 00l dslons alaie ;0 00 0018 41,8 o Sheo ulul 5 398 Slaloes @
I, Slawbre oads ools 1,8 0 Ko Colue 40,5 Overwrite b wls o 71, avare sll ouls dewlxe o, Kheo wlul p 1) 568

RVLY C)Lo‘
Frame Section Property Reinfarcement Data x
Deszign Type Rebar Material
() P-M2M3 Design (Column) Longtudinal Bars Alll w
(®) M3 Design Only (Beam) Confinement Bass [Ties) All v
Cover to Longitudinal Rebar Group Centroid Reinforcement Area Dvenwites for Ductile Beams
Top Bars = mnm Top Bas at |-End {1900 | i
Bottom Bars = mnm Top Barz at J-End :_?2_80 | i
Blottom Blars at I-End 11520 min
Bottom Blars at J-End 11520 | pret
oK Cancsl
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D oo damwle 1) D0 4 18.4.2.3() wy G oy Jlade (qu=3.87 kKN/m qp=18.087 KN/m) 615 5 05,0 ,L 4 a5 b

wy = 1.2D+1.0L+0.28

M-Left-Negative 304.12 kN.m

M-Left-Positive 248.19 kN.m Mp; l 1 1 l 1 1 1 l M.,
M-Right- Negative 357.79 kN.m

M-Right- Positive 248.19 kN.m Vi Var

Mnl + My, Wuen

Beam shear
kN
q=12D+L =12x18.087 +3.87 = 25.5744W

sl o )3 celu alily 5l Lol sle U e S

=25.57
357.79 + 248.19 25.5744 x (59 -0.5
VRight-capacity = 59— 05 2( ) 248.2 J’ l l 1 l l l l 1 357.8
= 181.269 kN )
357.79 + 248.19 25.5744 x (5.9 — 0.5) 54m
Vieft-capacity = 59—05 - 2 V=433 Vur=181.3
=43.269 kN
sl 0,8 celu ol a3l 5l il sle K cye ST
=25.57
304.12 + 248.19 25.5744 x (5.9 — 0.5)
Vaign-capacity =~ g g5~ 2 sws2 | ) l RER l 2482
= 33.229 kN
304.12 + 248.19 25.5744 x (5.9 — 0.5) L 1
Vieft-capacity = 59— 05 + 2 5.4 m ——'
=171.33 kN v.,,=171.33 Vur=33.23

D oo damwle p) g0 4 18.4.2.3 (b) ws b 5y laie (qr=3.87 KN/m qp=18.087 kKN/m) 0w g 05,0 ;b a4y a>g5 b

-i 795

=]
& 2 & 5
a - | i
D LNE EX EY

Vieft-with 26 = 1.2Vp +V, — (2Vg) = —231.2 kN
VRight—with 2F — 12VD + VL + (ZVE) = 2360798 kN

Vieft-max = Min(VLeft—with 2E> VLeft—capacity) =171.33 kN
VRight—max = Min(VRight—with 2E) VRight—capacity) = 181.269 kN

www.hoseinzadeh.net ~ www.telegram.me/hoseinzadehasl www.instagram.com/masoud hoseinzadeh_asl ol &5Ledb "(v:,_;.a 5SS L" 0932 oyl s jLasil V20




B i gl 03y Lulgd) YA
ols sl
V=0 +V)
A, A,
181.269 x 1000 = 0.75(0.17V25 X 450 x 440) + 0.75 (? X 440 X 300) > —7=0556

A, 0.35b 0.062v25b\ 0.35 x 450

( ) = Max =

min

3 FE, '~ FE 300 - 0025

S y

y

L ol il (08 s b igals Jhad s 022 b slas Shoo aSiyl (5,5 1) o Sguls alols 2510

440
Smax = Min [T’B X 22,24 X 8, 300] =110 mm

Dl oo Gyt s i BSTas bl psY Sgels Jlade gl 9o j0 2h asl iz 5 o

el 00 uL?L.u‘ (D8 ].:lj.) [ ug.ol.> )Ja.é di..)‘ aQ 4.7-9.: l) MLJ <° d/2:220mm Lbd)il.un J.aljﬁ )5‘;).7- @L\A 6Lﬁ Cound 3

b cwl ply 5 e G slel 51 2h=1000mm=1m alols jo oy wulee alS 55 o 5 slel 5l 28,5 alols
Vi =Vy —qy X2h =171.33 — 25.5744 X 2 X 0.5 = 145.755 kN =25.57

s LUV e
£1 5.4 m V‘)

V,,, 171.33 Vur=33.23

V, =V, — qy X 2h = 181.269 — 25.5744 x 2 X 0.5 = 155.69 kN

sy LLLILLLLL s
(l 5.4 m VI—)

Vo= +V)
A‘U Av
155.69 x 1000 = 0.75(0.17\/25 X 450 X 440) + 0.75 (? X 440 X 300) - 5 =0.298
A, 0.35b 0.062v25b 0.35 x 450
(—) = Max =
min

E ' R 300

=0.525

S y

<2 X 3.14 x 42

S )= 0.525 - s=191mm - Use P8 @150mm
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Aode Las 5 590 25 slp |, ETABS 8 65 (295 5 S50 o

b oo 12DHLAE) G oo L alyly 5l e b (g9, Factored Vu2 e
Al (12ZDHLAE) oS 5 cov 5 iSlas 5 Factored Mu3

23l o (L2ZDHLA2E) ply g0 iyl 5l s oy (69, Factored Vu* e
2l o (L2DHLA2E) ply g0 a3y 5l s oo (59,0 Factored Mu™

ails (R 5 Gl 59 b, sla S5l 5L s, Capacity Vp o

atlee A8y L L5l 5l b, Gravity Vg e

wilors 5 skl 9o byl ol slo, X Mneg s Mpos o
) Lals, 5l Lol lade :STas Design Vu2 e
Vuz = Max(V, +V,, Vy)

Design Forces

Factored Factored Factored Factored Capacity = Gravity

Vu2 Mu3 Vu* Mu" Vp Vg
kN kN-m kN kN-m kN kN
153.783 -296.158 236.079 -526.498 112.219 69.051

Capacity Moment
Long.Rebar Long.Rebar Capacity Moment Capacity Moment

As (Bottom) As (Top) Mpos Mneg

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

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

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

Shear Rebar Design

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

\" Ve Vmax PVc (PVmax Avls oV Vs ©Vhn
MPa MPa MPa MPa MPa mm?/m kN kN kN
0.92 0.83 4.15 0.62 3.1 585.49 123.306 57.963 181.27
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oy Spdy JSO L lej) kilgs wlal p 5 (b by dule

A3k oo 25 g & (S8 slo Sl 51 00,5 85 80 ) s 50 sl (sla S ol
a As1.25F,
Mpr—sef-pos = Mn—nigne-pos = As1.25F, (d = 5) = 41255, (d - =2re
. c

1520 x 1.25 x 400
1.7 X 25 x 450

= 1520 x 1.25 x 400 (440 - ) =304.199 kN.m

a
My —tofe—nsc = As1.25F, (d - E) = A;1.25F, <d -
1900 x 1.25 x 400

As1.25F,
2% 0.85f,b

) =370.81 kN.m

=1900 x 1.25 x 400 (440 -

1.7 x 25 x 450
a Ag1.25F,
My, _Right-nec = As1.25E, (d - E) = A;1.25E, | d - m
2280 x 1.25 X 400 (440 2280 x 125 400)
= X 1.25 x —
1.7 X 25 x 450

=433.647 kN.m

M-Left-Negative 370.81 kN.m
M-Left-Positive 304.199 kN.m
M-Right- Negative 433.647 kN.m
M-Right- Positive 304.199 kN.m

109 oo dalxe ) Dygo 4 18.4.2.3(a) oy b iy Jlade (qu=3.87 KN/m qp=18.087 kN/m) 0.5 g 00 0 ;b 4y a5
kN
q=12D+L =1.2x18.087+3.87 = 25.5744;

il 0,8 cels alyl; 5l b slo S gz 5]

433.647.79 + 304.199 25.5744 x (5.9 — 0.5)
VRight—capacity = 59-05 2
=136.63 + 69.05 = 205.69 kN
433.647.79 + 304.199 25.5744 x (5.9 — 0.5)
VLeft—capacity = 59_05 - 2
=136.63 — 69.05 = 67.59 kN

il 5,5 el ol &3l 51 o5 sla K gz S

370.81 + 304.199 25.5744 x (5.9 — 0.5)
VRight—capacity = 59-05 - 2
=125-69.05 =55.95 kN
370.81 + 304.199 25.5744 x (5.9 — 0.5)
VLeft—capacity = 59— 05 + 2
=125+ 69.05 = 194.05 kN

194.05

55.95

-67.59
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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,;lzo.

433.647.79 4304199 _ . 1[433.647.79 4304199 255744x (59-08)| _ .o . _
_ ) - = . - =
59-05 2 59— 05 2 ‘
370.81 304199 1[37081+304199 255744x(59-08)] _ o . _ o
— - = . e d =
59— 05 2| 59-05 2 ‘

Vu =90 +1%)

205.69 = 0.75 (% X 440 X 300)
Ay
5 - 2.077 mm
L sl s (D10 il b Sgelss b g D22 b (glnd Koo aSiy) 55 1) ol igals- alols 25Tu
Smax = Min [4:—0, 6 x 22,24 x 10, 150] =110 mm
5 Ll $=100 MM il lsgels Jolss 45l 553 L
(912@100  glris 50,
% =2.077mm-> A, =207.7mm? - L
| ¢10@100 slxew b

oo Ko alen ab (el 9o 51 2h alols @) Slow 4l )0 oy cied el la,s 1o Job sla,gile,] Sl @ asg b @
g olaiwl Gl S L ol o2 @LO@100 w05 51 el yigo (pl b 9 Wl Jlo Hleo 4o S D0 4 lpigiw Job

g Sl Ceond 0 i dwloes
l) S )g‘).g o5 AaSQ 5 )| 2h=2%*0.5=1 m alols LY U‘“’)" )‘.\AA

194.05

V 55.95
-67.59 |
-205.69
Vop = 205.69 — g, X 2h = 205.69 — 25.5744 x 2 x 0.5 = 180.11 kN
A
180.11 = 0.75 (450 X 440 x 0.17V/25 + ?" X 440 X 400)
A
?” = 0.408
A, 0.35b 0.062v25b\ 0.35 x 450
(—) = Max , = = 0.525
S Jomin F, F, 300
2% 3.14 x 52 d 440
f =0.525 - s= 299mm<5=7= 220 - Use ®10 @200m
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o S 03 slge J sk
.

Frictional
forces \\\
e o ~-—
LLLT@ LLILL.I fo'= TIA
- -
fs |3
T
(a) Test method. (b) Bar stress. (c) Bond stress.

Oe) Ol Giolidl o Ko ks Cngliae a4 1) T (69,05 (lgis 4S5 job a4y el 0y Jlgo oy J21o j0 3B Jladke a4 o s -)
(598 5)lg oy 4 WT 4!
5 8n 5 5 bty Shs el (g, 0 T (5,08 451 5 b w2l ot oo 5 515 0 35 o 4y 3,KLe 51 =Y

Sgidra ol

Mﬁ‘“—”’”)ﬁu)\

RO S J"" SHov >4 o gl OT Jos 3
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(chemical adhesion) -y g oYed po olowds Saiws @
(frictional forces) s Sloo mhaw (5,5 5l (b SKaol o

@) o xhe 55, S b g (SlSe oo @

il oy ool lias gy ol g S 5o

Bearing and friction
; forces on bar

M Y~ 9

-1

= NS> > NS N >
— i —_

L Adhesion and friction forces
along the surface of the bar

29 oo plol T 31 )b 3 g5 JUl odee w39, (o0 e 3l 9,8k (S5 35 5 9 Sl s liend  Saie

il oo SRl ol (sl (25,57 5 09 T Usb Glali8l crge 9,8k 3 (A8 daane i RS e ) a9 )8 G 5 U5
S e 151 o Lozt Bl 1o Koo (Go3a) Sloml 5l 09d g0 i U310 5,8 (53 crge Jsb (il !

g oo 5 50 S obul cage i p )l (chp sle S Lol res 958 (0 0)ly i 4 L B jlaST SIS (sl

0,5e slol jo 0 8o 9 5 (e (Swga (RS Cewl (e b Gl Bl g aes 0 7 0, Ke oals (610551 Lol o hia) o s
Al hels

Force components
on bar

{a) Longitudinal section (b) Cross section
Sgds Slool oy I3 o eled gla S vgins sdmlin Cewly Ceon JS o

AV (g ol s

St o087, )l 1S ‘J_r_}’ b solee J s ant Vel
ey o A d GRS DY S e sl 5 b (0
U C.-_;_}JJ QJ'}&LQ),M‘JL;:—-')-_: (_;Ld_.'f..: .;}T-).) 6;#1‘;.,:&)1)‘ LFJ)'L (Y
JJJMM))(Y

Voans
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Sgd ol coge Wl o Sz LY slaw el ol op 5l o Sl alols a5 (b) 5 (@) > aile (g0)lse 0 @
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DS Cailos S5 o 5b 5l GlgE ce (WS e ygee S mhaw 51aAS) Loy eile,] 093y 4T dmae lii (d) S e

‘FWater

Plastic
settlement

P2 RN /

(a) (b} { (d)

(Moehle ;0o QLS 5l as 5, IS)

{8} Side cover and half {b} Side caver = bottom cover, {c) Bottom covar less than
the bar spacing both beth less than half tha side cover and half the
less than hottom cover. bar spacing. har spacing.
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CHAPTER 25—REINFORCEMENT DETAILS

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

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

(a) Length calculated in accordance with 25.4.2.3 or

. . . . Modification Value of
25.4.2.4 using the applicable modification factors of factor Condition factor
254.2.5

Lightweight concrete 0.75

(6) 300 mm Lightweight A
. Normalweight concrete 1.0

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

Grade 100 1.3

_ 1 f Y V.y,Vv, db (25.4.2.44) Epoxy-coated or zinc and

d TN [ epoxy dualcoated reinforcement
LA fc (cb & Klr j with clear cover less than 3d,, 15

d f or clear spacing less than 64,

Epoxyy, | Epoxy-coated or zinc and epoxy

in which the confinement term (¢, + K,,)/dj shall not exceed dual-coated reinforcement 1.2
2.5 and for all other conditions
40 Uncoated or zinc-coated 10
K,, — i (25.4.2_4[)) (galvanized) reinforcement ’
’ sn
No. 22 and larger bars 1.0
Size No.19 and smaller bars
where n is the number of bars or Wires being develope'd or and deformed wires 0.8
lap spliced along the plane of splitting. It shall be permitted
— : . : : : . More than 300 mm of 1
to use K, = 0 as a design simplification even if transverse Casting 3
inf . ired T fresh concrete placed below
reinforcement 1s present or required. position™ y, hotizontal reinforcement

Other 1.0

U The product yay, need not exceed 1.7.
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Y Sl
(GRS 3 Cand adae (pasly Cunand) Copte pidiads HR30 1 Cand S5 3allne aliie by (505 40 —T)
2l o3 phdiey P12@ 150 mm o/c ogals A's = 2020 3 A, = 325 aXi g0 ;o
25751 9 5400 £45 51 Jybo ;95le,T g WY pme 4 Casand (3 liZe (5,005 5970, o sia glae 50

C+X,

Sl Jab (yaani 51y (T.E) lwlne 330 oy Bl 5340 £ 5l (Sgals) i ye
P03 ) gpolis | SaaluS 4 gl ge aliog b g plad S K 50 &5 LIS slayeila )]
ol cial 9 o2 49y 1 F S35 1 9)8ea 35 pe aliol Jlalle 3 oy 3K FUTLS R

y (Wdls go 3,8l 35,0 6 55 50
|
: 330 1
600 mm [ 2.50 (v
220 ¢
2.00 (¢
*300mm

b Sl il i a5, B0 Se 55 50 alols

Cover to rebar center =50+ 12 + 12.5 = 74.5mm
L el il o2 3l 58S (5lo0 Shes S 50 b 55 5o alold

300 —74.5x%x 2 ) 75.5
Shar to bar = — =755 - c = Min (74.5, T) = 37.75mm
402 x 6%) 201
=T {5ox3 <

ke +c 20143775 )3
d, 25 a
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oo (o (B9)) p J9oa jleolitul L) Jles Job (g5 (o0 (3 amxio) (330 alail jloolitnl sla 4y Slewlns )3 g
o,5
.\.’9.»; B3] JB'\} Js‘ ).L:.w ‘_}ALM) Y}AM ‘»)9...4 < osla )‘)S LQ.;‘ 5o s.:}al} JB‘.\? as LQ).»J o L4
23,5 dloe 25 g0 4 0lg o0 ) Sl Job (o Sjgo @ g o0 Lo ST 50 Gl

( F,YY.Y, €25  $400 400x13x1x1
Q < 20 mm d ld = db ld = db = SOdb
' 2.1V25
212 [f,
e S 20 , AR g G2 swo 400 x 1.3 x1x 1 4 - 61
¢ >20mm - = = =
d T b d 1725 b b
\ 172 |f,
< 20 l F,Y¥.Y, €25  $400 l 400 x1x1x1 p 384
d = 4 d 2 1v2E b b
212 |f,
5 Gl oSt 9 F@W.W, 25 5400 400X 1x1x1
Q> 20 mm 4 ld = b ld = db = 47db
, 1.74/25
1.74 |f
\ c

25.4.2.3 For deformed bars or deformed wires, £, shall be
calculated in accordance with Table 25.4.2.3.

Table 25.4.2.3—Development length for deformed
bars and deformed wires in tension

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

Clear spacing of bars or wires
being developed or lap spliced
not less than dj,, clear cover
at least dj, and stirrups or ties

throughout ¢, not less than the { ATATATS ] [ VATATAY ]
ersg

Code minimum 5 lk\/7 o 7k\/_

or
Clear spacing of bars or wires
being developed or lap spliced
at least 2d,, and clear cover at

least d,

Other cases IAAAP Y VY,
1. 47“/7 L. 1x\/—
s é > db /J\,—/
@
> db @ @ % | — 22db

_'I "_L’I stirrups orties throughout £4not less I

@ @ than the Code minimum

=dj, @ @ @
[ .

T
=d, Minimum cover |

Zdb
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255 5kl a8l Job slaygile )] Jleas J31s 50 0nS s S5 B 5 g e U3 o ) 5 JSE sles Khs sl p3Y (5l Jsb
.\.wL: ° ‘_gsLm.o J.,al}e L> 9 5 X (D25 lesla dl.ﬁ)ch)T ol oy salasw! (Dl()@l()Omm )‘ ).».: L}>") o9 Ml} )

Ped (B8 ED=400mm Ly 5 (558 15 o o Ll culs e

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

(o slos Koo 3550 B (5 by
25
40 + 10+7= 62.5 mm
o slos Shoe oy Al ALl
(400 — 2 x 50 — 5 x 25)
=43.75mm
4
Sl JB18 55 Jles Job arwlxe

Ceol Jsbo slos Koo Jb il 40 5 S oo Sl alls alols )b 5l 5 arsly o el 43l L5 Jsb sloo,Shs s S5l 4o

CRY WY, 400x13x1

- xd=-—""""_xd=945xd = 2363 mm
RV NI 11x 1 %25

1380 alal) sl eolawl b

, 43.75 + 25
c = Min (62.5,T> = 34.375mm c+ktr\  34.375
404 ( )
Ktr=——=0 d 25
sn
F W, W W, ¥, 400x13x1
4= ~J_xd= xd=6876xd=1719 mm

111 fo( - ) 1.1 x 1 x v/25(1.375)
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55 B 53 (ol s S e Jsb anmlxe
Cewl (Job (sloo Koo jhad 5l iy oo Sl alls alols Bk 5l g aidily oo (BB 0> a) Sgels sl 5 Jeb sloo o 5 s 4o
L el ol o Koo Jlo Job (oo ,8 i oplply (43.75>25)

43.75 > 25
A, A, EYY. ¥, 400 x 1.3 x 1
— =1.57mm > (—) ly= Xd= xd=6117 xd = 1529 mm
s min LIS 1.7 x 1 x 25

Bar size = 25mm > 19mm

1380 alal) sl eolanwl b

. 4375 + 25\ _
c=min(6252) = 34375 mm)| ktr) o
- =
Kt _40Av_40><2><(7r><52)_2093 d ' '
"7 T 1o0x3 7
R ARVAE 400x 1.3x 1
a4 = ey X d = Xd=42xd =1068 mm
1.1 fc’( ! ) 1.1 x 1 x V25(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
y r db
(a)[ M ]
(b) 0.043f,y.d,

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

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

Moedification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, if £, is In accordance
A specified with 19243
Normalweight concrete 1.0

Reinforcement enclosed within (1),
(), (3), or (4):
(1) a spiral
(2) a circular continuously wound tie

Confining with di > 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 el 3 01y 5 15 b 0 g lad sl Ko sl e (55l sk

Ly

b 400 mm A 3@P25 2025
h 600 mm . .

—

Ly,

024y 4y, 0439, Fyd >

= 4 rlyQdp
A

0.24 x 1 X 400

= Max (200 mm,——— = d;,0.043 X 1 X400 X d ) = 19.2d;, = 480 mm
\/2—5 b b b

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

5 %Leo 05,5 Sl Jsbo -F-7

25.6—Bundled reinforcement

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

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

los Shee 09,5 sz oY lee Job 525 )13 U8 Bllae (B Y 5 (Y 0 8hee 055 O )90 4 SBeS slas e &5 90 )0 1l
g8 jskaie 25MM l ;oo Koo ,ad S dclbore 535 abal, 5l oolitul b g S5l 5o Slgd

400 mm 400 mm

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

¢ 433 mm = LY o Sl Joleo ,lad

Olsas 315 53) (@b aw slod She oo Jobo arlore

_ 43.3 400 — 2 x 71.65 64.175
c = Min (50 +T =71.65 , ) = 64.175) = 64.175mm| _, ( ) — 148 < 25
433
Ktr=0
FWW ¥, 400 x 1.3 x 1
lg = —e X (L.2d) = X (1.2 % 25) = 76.65 X d = 1916 mm
111 fc’( : ) 1.1 x 1 X v25(1.48)
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R

Lead-in length

Tail

(a) Forces acting on bar.

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

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

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

Type of Straight
standard Minimum inside extension!!!
hook Bar size bend diameter, mm {ox, mm Type of standard hook
No. 10 through Paint at which
No. 25 g 6d), / bardls developed
No. 29 through 8d, . E 27 = gg;%egree
90-degree No. 36 | b
12db l 4
hook | Diameter — =~
No. 43 and | Loxt
No. 57 10d, :
1 tan |
No. 10 through 6d Point at which
bar is developed
NO. 25 b / ar 1S develope
No. 29 through 8d ] ’ db_‘
180-degree No. 36 b Greater of | f” Lo\ 180-degree
hook 4dy, and 65 mm | Diameter —C] bend
|
No. 43 and
! Coxt
No. 57 10d, | ‘e L.
1

1A standard hook for deformed bars in tension includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.
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25.3.2 Minimum inside bend diameters for bars used as

transverse reinforcement and standard hooks for bars used

to anchor stirrups, ties, hoops, and spirals shall conform

to Table 25.3.2. Standard hooks shall enclose longitudinal

reinforcement.

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

Type of stan- Minimum inside | Straight extension!!
dard hook Bar size | bend diameter, mm {oxsy mm Type of standard hook
No. 10 reater of 6d
through 4d, G eatsrs(;nm b and . % 1 -~ gg;‘%egree
90-degree No. 16 T
hook No. 19 W
through 6dy 124, Diameter ~ =" | | | faxt
No. 25
No. 10 dy
through 44d, \—*_‘_/,-\ 135-degree
135-degree No. 16 Greater of 6d,, and L bend
hook No. 19 75 mm Diameter — /
through 6db Em
No. 25
tll:I . lg(l)l 4d il
rou 3 ;
180-degree No. 16 szater(;)f @)\1 80-degree
hook No. 19 5 an Diameter —<| bend
65 mm ~/
through 6d, Coxt
No. 25 -

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

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 mto the interior of the stirmup or Alternate hOOl.( position -Of
hoop each successive crosstie

25.3.5 Crossties shall be in accordance with (a) through (e): gg;%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 135-degree

minimum bend of 90 degrees bend
(d) ;I(;)(()iks shall: enl:gag? :)weﬁpheral l(')ngitudin;l bars ' Longitudinal
(e) 90-degree hooks of two successive crossties engaging reinforcement

the same longitudinal bars shall be alternated end for end,
unless crossties satisfy 18.6.4.3 or 25.7.1.6.1
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CHAPTER 25—REINFORCEMENT DETAILS
Table 25.4.3.2—Modification factors for
development of hooked bars in tension

/\/\
P

v

)

25.4—Development of reinforcement
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):

(a) VAAAAS
2301/

in 25.4.3.2

(b) 8,

(c) 150 mm

d;S with We, W W, Wes and A given

25.4.3.2 For the calculation of £, modification factors vy,,

L aiS slod Ko o Jobo =77

Modification

"""""""""" Value
factor Condition of factor
Lightweight concrete 0.75
Lightweight
Normalweight concrete 1.0
Epoxy-coated or zinc and epoxy 12
dual-coated reinforcement ’
Epoxy v.
Uncoated or zinc-coated 10
(galvanized) reinforcement ’
Confining Tor No. 34 and smaller bars with 10
reinforcement Ay, > 0.44,, or st > 64,12 ’
Vr Other 1.6
Location v, For No. 34 and smaller diameter
hooked bars:
(1) Terminating inside column
core with side cover normal to 1.0
plane of hook > 65 mm, or
(2) With side cover normal to
plane of hook > 6d,
Other 1.25
Concrete Forf.' <42 MPa £/105+0.6
strength v For £ > 42 MPa 1.0

W,y Wo, W, and A shall be in accordance with Table 25.4.3.2. 15 is minimum center-to-center spacing of hooked bars.

At discontinuous ends of members, 25.4.3.4 shall apply.

25.4.3.3 The total cross-sectional area of ties or stirrups
confining hooked bars Ay, shall consist of (a) or (b):

(a) Ties or stirrups that enclose the hook and satisfy 25.3.2.
(b) Other reinforcement enclosing the hook, that extends
at least 0.75¢,4, from the enclosed hook in the direction
of the bar in tension, and is in accordance with (1) or (2).
For members with confining reinforcement that is both
parallel and perpendicular to £4, it shall be permitted to
use the value of A, based on (1) or (2) that results in the
lower value of £4,.
(1) Two or more ties or stirrups shall be provided
parallel to €4, enclosing the hooks, evenly distributed
with a center-to-center spacing not exceeding 8dj, and
within 15d,, of the centerline of the straight portion of
the hooked bars, where d, is the nominal diameter of
the hooked bar.
(2) Two or more ties or stirrups shall be provided perpen-
dicular to ¢4, enclosing the hooked bars, and evenly
distributed along £, with a center-to-center spacing not
exceeding 8dj, where dj is the nominal diameter of the
hooked bar.

www.hoseinzadeh.net

121, is nominal diameter of hooked bar.

Ay, = total cross-sectional area of'ties or stirrups
confining hooked bars

Ay = total cross-sectional area of hooked or headed
bars being developed at a critical section.

Lan

20750y,

154,

Ties or stirrups

Lan ,
>0.750gp ’ r dp,
| |
L] |
— Ties or stirrups
< 8d,
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side cover normal
to plane of hook

Terminating inside column
core with side cover normal to

=1.0
plane of hook > 65 mm,
Epoxy- coated 1.2 o :> Yo= 10
=16 With side cover normal to

Uncoated 1.0 plane of hook > 6d,

Other [:> Yo= 1.25

o (VN ) v s 06

230 f ’ (= MPd) ve=10

o3l 5,LS ad & by o 5 el 00l faie 500 MM 5 ye 4 5w S 4 b=400 mm 4 h=500 mm olel & ;5 S 5 SIS Gollas

e

Ad iS Cod SBgd glas Ko g ail oo srie K Cou 0 Cewl 0ol (IS g ad jo 5 ded ol oleed S 4 0l b 5 009
H=?) sl 1, O el jo g dx Jlas ol 0 S400 g4 5l ez laa¥gs g C25 g4 51 0

\/\

#10 4320 4620
0 @)
_ I Oy X vi
O o/ N o
8 \: | ~ 1™ g —1 § § @)
. N
) Q 0 M) §§ g O
[ [I®)) ] )
10 o 87 I N\
CL_H=? | ‘ 3920
O
=il

$

il o 75 mm g Sl jo L il by eSSl 4 ax g
side cover =75mm >65mm - ¥Y,=1
roplpls g abloe @10 Glo 9o glyls ats K5 2 9 a8 5 18 anes K5 OB Jgb o
Aep = 2(3910) = 2(3m x 5%) = 471 mm?
tn = 2(3¢10) = 2(3m X 5%) mm }Ath<0-4‘4hs

Aps = 4920 = 4 X 314 = 1256 mm? - 0.4A,, = 502 mm?
s =933 mm—20mm < 6d, = 120 mm

SW.=16

25
_BYE 400X 1X16x1x (£ +0.56) S —

ah 20 0 23x1x5
400 x 20

Ly = f,dy/(5.4V25) = —— =296.3mm
an = fydp/(5.4V25) RN

g S ol ! Bl 4 ail 417+50=467 mm ol Bl e aw il 50 MM Jslas O gLyl idsgy aSul 5,8 L
Sgd ol 500 MM il b
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IS5 Gllae el as Jilaom Loy lail 35 4ol 42 sy G8lS Ll 4ol 5 e slasile] Jolsh o 5,8 el b1, b Jleo

oS 1S5 09l e
#10 4420 4620
0o (@) e —,
\' O 7
S 610 B T £
= O
- d e =~ M O o
S A |
e« o 7 o | :A N
L H=? — 3620
Q -
@]

W\

il o 75 mm g S 0 b il idg sS4 asg L e
side cover =75mm >65mm - ¥Y,=1
inl by 5 Wiloe P10 Glo 93 lls dtay S5 50 9 48T 18wty SEY O Jobo 0 @
A, = 3(3910) = 3(3m x 5%) = 706 mm?
Aps = 4920 = 4 X 314 = 1256 mm? - 0.44,, = 502 mm?
s =140 —-20 =120 mm = 6d, = 120 mm

25
AN 400X 1% 1% 1X (E + 0,6)

}Ath > 0.44p w1
=

2015 = 260.6 mm

ah 20 0 23x1x5
400 x 20
lyy = f,dy/(5.4V25) = —— =296.3mm
an = fydp/(5.4V25) RN

Blaz wb gw s .ol 296.3+50=346.3 MM &b Jlas ygiw am il 50 MM J8las OB slpl idsg aSul (5,8 L @
Sed ol 350 mm il

S D (288 5 Shee oo sl oig g bawgte (i Sl Lulgd
buvgio GLOB j8 Ggiw 4y Jlail ganal F-0-T.-4
429 b ol wigd oo ahad (g 4 55 Jlal sl 0 &5 Jsb sl jgile,] ¥-F-0-Ye-4
a Gillae 215 ly Lol @S ok 5 il adsl Jlail el gaen e
5 dmsloma AF-YV-4 oty gillas JLid (ol o D-O-F-F -4

S s Sho 155 Job 8-0-F-Y+-4

ool b oyl ciloas o235 o lasliw! OB 4 a5 dgp « s Sl o5 Job 1-0-0-F-Y+-1
o o VO g0 o Sha8 wl A 5l 58 Wls g 098 dnloee (VV-Y+-1) gakayl,
80,5 Les

lan = fydb/(540/F2) M-Y+—4)

ool 00l jolaie 55 0% g Lawgie sies OB 4 bg e alal) day axis Jga 0 @
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A8 Ghlns o o
&l oad aculoee Y, o, e = 15400 €25 584 5 Joozr poli

Ogis o Jolas 9 ldh 1apdiE & S sles Jsbo
A ldh (yr=1) |05 ~B=| [dn (Yr=16) | o5 Sl
mm cm cm cm cm
08 15 25 15 25
$10 15 25 15 25
$12 20 25 20 25
¢14 25 30 25 30
$16 25 30 30 35
$18 30 35 40 45
$20 30 35 45 50
$22 35 40 50 55
$25 40 45 60 65
$28 45 50 70 75
$32 55 60 85 90

sl g5le,l Jlass 318 10 o led dwlore g solituwl ax 0 A+ Sl OB 5l asiul (5,301 Jles 31 jo Jsb slas She jloe Job ke

[
—dh_, 3025 2025

2 Fob o X il b aSol a4 daz g bg ol eoae S lgs Bl o Jeb sles Ko slaws g ol o 400mm Ll jless Coeles

A Job o, Kl 35 50 b 55 10 alold il a8 5 18 oo 5l (golue alold b Job slas Shoo aS51 (5,8 Lol 0 SO MM g J&Io

L el

_ 400 —-2x50—-25
4

s = 68.75mm < 6d, = 6 X 25 = 150 mm

L. — fylpequlpolpc 1.5
dh N 23X 1x5

400 x 1 X 1.6 X 1.25 X (ﬂ n 0.6)
= 105 dl® = 5.83 x 2515 = 728.77 mm
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25.4.3.4 For bars being developed by a standard hook at
discontinuous ends of members with both side cover and top
(or bottom) cover to hook less than 65 mm, (a) and (b) shall
be satisfied:

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

rups perpendicular to £, at s < 3d,

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

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

Ties or
Less stirrups
[than required
v —dn A Ly Less
2% in. b A than
T """" — 7| 2%in.

<2d, Section A-A

Sectional Elevation
Fig. R25.4.3.4—Concrete cover according to 25.4.3.4.
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N -Slewlxe

Ceoand 30 0,00 41,8 180%180%50 cm slayl 43 0 jiie o S 35 0 10 40240 cm slal &3 Faiuw ~F
X200y 90 CM ply i Audes AT (e 50 Sl oud solizwl s w0 TOD25 5 o Sl

TS bl |y geames 4is 35 (55l Jobo ki 51 ol S400 ¥4 6o, 9 C25

o s (5l a4y lgi el gl o ki OO aps b g il adadie 4o L ygile ] (1

oo )l a as ales i bl o kil WMB gz g b Sliow (sl gile ] U858 eile )l Bgmg D yge o (Y

.c.\.iau.l)g

sl ansls polal o lastinl B aSST Ka w0 (o)l a4y willy ed oo adaiie ;o Lsygile,] (Y

ey i ()l e dr alesil o hibin] QB ygan wlilgs ge il pdaite [0 ey gile T (F

Yoays

0 Slewle

l plaadln S 50 oryo (o i U (i piod KT 00 9l LS (5l00 R o ~Y4
ahio slaf a4 Jgiw I3l 0 o luileut 96° W1 soldind b ol (g pdy i
ol SOyl p1 0l M 5,50 (59 gl 45 5 a0 33 il sud jlgn 400 400 mmm
A whitedy 3 )8ie 30 i 8~ 8 adade 5 Ayl gy eoldnw! il 3,8l S loe ol
O £95 SHO V38 £3) ool K405 245 polin 31 KeoldS 4 iy o 5l 9

; —] (adbor Jooro £9i 51 2 9 C25
%_%—j’ i ekes 25 (1

” inisles 20 (Y

4007400 mm srahen 18 (¥
“*":' og yeaghes 16 (F

S0 mm 35 bl ibe 4SSl (68 Ll oad &l 50 mm ol OB 5,8 (55, idgn Jlgw S9y 0 Sl 4w azg b @

side cover = 50 mm < 65 mm

side cover = 50 mm < 6d, - ¥, =125

Slaedsl Cyz 50 5)lae ol 100 il |y (8) (Jsb sloo Ko (s alold g5 cod cplplo 5 el ouis asrine Job (slas Kl slass

_ fylyelpr Wo'We
230F)

1.5
db

ldh

340x1><1.6x1.25x(

g oo aid)S oW =1.6 (o,
25

— 0.6)

ll-ﬁr.-ux}'- coated 1.2

Uncoated 1.0

d}® <350 4.95d}° <350 - d, <17mm
23 x 1 X V25 b b b

lerminating inside column

core with side cover normal to to plane of hook

side cover normal ‘

plane of hook = 65 mm, .
or ()= 10
With side cover normal to '
plane of hook = 64,
[ Other ) Wo= 125
d' ]r 42 w-.i._i;;} We = ['/105+ 0.6
J. | £ = 42 MPa|C) we=1.0
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& 2 core with side cover normal to
Ly IF Fo 1.0 o -
¥ plane of hook = 65 mm,

or ()= 10
E";. W o=16 With side cover normal o
L . ;
' plane of hook = 6d),

side cover normal ‘

5 = bd) to plane of hook

Ay = 0,44,

ar

Epoxy- coated 1.2
Uncoated 1.0

[ Other | [) W= 125

" \ -/. \ _./..- - . r— .
lan = [M]f [z<2mrdd) v.
3_11\11{? | (=42 MPa -) V.

£7105+ 0.6
1.0

AR Slowlxa

ol s &y 34T s9le s} ] g 3903 malisd T gie e j97le)] lyias a7 ge 4 (5 pole, ]yl STas 1Y
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side cover normal
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ar

Epoxy- coated 1.2
Uncoated 1.0
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105+ 0.6

Y i \ i b ST, 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 é]f
. ) 4 ; Moment |
9.7.3.3 Reinforcement shall extend beyond the point at }/_Face of support strength |
which it is no longer required to resist flexure for a distance ) _ O_f bars a |
equal to the greater of d and 12d;, except at supports of Points of inflection (P.I.)
Moment

strength

|
|
simply-supported spans and at free ends of cantilevers. |
| \of bars b,

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.

]
|
|
|
|
Mid-span ;
of me‘r)nber—/ﬂ

Moment curve

9.7.3.8.4 At least onc-third of the negative moment rein- > (d, 12d,, or £,/16)
forcement at a support shall have an embedment length AN "
beyond the point of inflection at least the greatest of d, 12d},
and £,/16.

>4y

2 (dor 12dp)

PR Bar b |
4 d Embedment of bars 2> £, L
|<7r>c/—Bars a ‘llj| <A—1_,X lc
/ ‘ !
\ /s (dor12d,)!
Y > fg—
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
ofbars C,D & E
Note: See Section 12.10.5 for

M, termination of reinforcement
in a tension zone.
/ d, 12d, (12.10.3)
Criticalsect -
ionfor bars Flexural strength
c )/ of bars D & E
(12.10.2)
Criticalsect
ionfor bars
D
(12.10.2)
d, 12d b (12.10.3)
f—
Flexural
strength of
rd bars E
Criticalsec
tionfor
bars E
(12.10.2) d, 12dy, £, 16 (12.12.3)
— e e
|~ Point of inflection P1.
N \&
=4y barsC B na \
(12.12.2) N
= {ybars D
= 7d —T— - \
12.104 | =fgbarsE __ | A
J_/l/_r ( } [ (12.10.4) 8 /Note (a)

”~

\ \ See Fig. 4-9(b) for
Bars D Bars E development of positive \ BN

- \Barsc

moment reinforcement

j—/l,—L X Note (b} ’

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

BarsA <

Note (b) Pl. Bars B
Y s 4

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

Point of inflection PI.
\
Critical
section
for barsA
d, 12dy, (12.10.3) (12.102)
J—
Flexural strength
of barg B \‘k
Critical
section
for bars B
(12.10.2)
Embedment of Bars B Flexural strength
B (121104) of barsA& B
/ > +M,
L > {4 barsA
- (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.
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I
!
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-276.72
-296.15

B45X50

590 )
QM S
.8 2 3 ®
- “
- = B45X50 n
2 o _ o .
R
g l296kN-m 296 —197
197 KN.m X =TX 2.7 =09m
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i el plp gt 5l gl 0 Ko el Jore
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x+Max{ d J= Min{goo + Max{ 440 } = 1340 mm

O 23l (Sl 0 8e = Min{
1100

la

VA JPVES HEN EXC Y WO éJaB-n‘-?

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/(8B5)
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u X (mD X dx) = df;

d
uXxX (mD xdx) =—

Z
1 aM
nDZ dx
1
Y=z
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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
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
(b) £;<(M,/V,+ £,) if end of reinforcement is not confined
by a compressive reaction

M, is calculated assuming all reinforcement at the section
1s stressed to f;,, and ¥, 1s calculated at the section. At a

support, £, is the embedment length beyond the center of the
support. At a point of inflection, £, is the embedment length
beyond the point of inflection limited to the greater of d and
12d,.

aol ol o cied (Kitwgm 50,5 5k ogos =V Y- 7

M, for reinforcement
continuing into support

n Mn
Capacity slope n 2 Demand slope ( v, )
d
1}
by 2

{a) Positive M,, Diagram

End anchorage £, — —7 T 1.3M,/V, -
e — -
=] Max. I~

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 £,

~—Embedment length—

Max. ¢4

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

Fig. R9.7.3.8.3 Determination of maximum bar size
according to 9.7.3.8.3.
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o
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1140 x 400
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+439 = 1791 mm] 0K
A
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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) _iiS o Sl Jils alog -Y-v
- e (ol g ddo g
contact lap splices

[ e R 4o
QIS /) i = = i
Noncontact lap splices

foll o Ojgo az 4 Lilig alog ;o Jb Jlisl ogou
; —

(a) Forces on bars at splice.

w

x/,.-—*f’,///'/|

L ) ) ) s o

< E s

T A AN ‘

A A A
D9l o ol 0y ax g BB sleds alog e jo cplpln gl co Jie xb B,k 5l gy dlog Joe j0 0iS Az gl G558 JSO @

S oo Jae B glos Ko a ) g5 (g alog Lawgs 8 slos Sle 5 JSS 50
b oo Gl bt &y 4 (T9) oo Khs (2225 (595
e 20l g, 4 g slas e )3 A5 alog 4l j0 0S Az 25 Job )0 8 slad Ko ;5 5 6l 5L 4
b oo ili8l bond stress laie alog 4l 1o aplel axgh oy 0 Siwgn 25 plSloay o
ibee SRl (Sowgey A5 5 gt S0 50 0,80 Sl e 0 @
(weightless) ‘ 4

<

Bars h j K Barsg
la Isp

I

d

I
e f

Moment, M
Reinforcement tension, T

Bars g tensile stress, f

Bars h tensile stress, f

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

and 150 mm.

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

1085 i 5 Slbone e 5l a8 1) alog Jsbo ol oo LT aill p3¥ e 51 i 5290 9 ,8e (e alog Jora j3 035 (28

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

lengths.

25.5.2 Lap splice lengths of deformed bars and deformed

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

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

~ A ~
Table 25.5.2.1—Lap splice lengths of deformed 1
bars and deformed wires in tension !

Maximum
percent of 4, .
spliced within Clear spacing

Ay provided As required™ | Tequired lap | Splice
over length of splice length type {y

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

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

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

Y Sl
dhoy ph 41 iudyy Aoy b (pluad g Sy 33 4T D20 5,80ea 35 slys p3¥ tigy ok -V
gt 3550en 93 o s9%a G sema jlone aoli 251> algn s2alus 900 il ilend
b Cadl plyr yra glee
100 (¥ 180 (v 250 (¥ 150 (1
VoanS

900
S = Min (T,ISO) =150 mm
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il oo bamgte 5 dy JS3 b o3l les anbona | Sz 5 855 slao Koo 5T Y alog Jsbo o 23 5ol
Al o0 =700 MMyl 55 Sge Bos @

A3l oo T Rl 5 @l Job @
f¢ = 25MPa, E, = 400MPa, F,; =300MPa e

Lo, Sl 51 G Y pgs al> o )0 5 o, Shs 516 aw Jol al> 0 )0 a5 S50 4 Xigd o dlog gl Al o Ojg0 4 b o S @

Kigd (g0 abog
40mm cover 40mm cover
—_— —_—e
—  ° ¢_‘ . *ZSmm
3428 7928 B A
|| -#10@1s0 -7 10 @100 | = - |
- e
I_—
LB Lo A
Ll d= L
5928 T
05¢-0280 e o o -150 kN.m
<— 500 mm —> <=3500 mm — - 900 kN.m -900 kN.m
Section B-B Section A-A +300 KN.m | [ 000000000 +300 KN.m
=y
+500 kN.m
Mu
gy
(e Ry 4 adale by )0 SBgd slas Sl (55lee Job auloes
500 — 2 x (40 + 10) — 3 x 28
clear bar space = =158 mm

2

clear cover = 40 + 10 = 50 mm

__13F, _ 13x400
A D 17x1xV25
Table 25.4.2.3—Development length for deformed
bars and deformed wires in tension

Iy dy = 61.17 X 28 = 1713 mm

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

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

throughout ¢, n‘ot‘less than the fy\lffllfe\lfg fy‘%We\I’g
Code minimum d, d,
RYNIX LI

or
Clear spacing of bars or wires
being developed or lap spliced
at least 2d, and clear cover at

least d,
Other cases IAAAT d, fv‘lfﬂlfe‘lfg d,
1AM LIMF
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, 500 — 2 X (64)
c=Min| 64— | = 64mm
4 c+ ktr
—>< >=2.78>2.5—> Use 2.5
cop = W04y _40x2x (x5 oo d
"TTon T 1s0x3
F, W W, ¥, ¥, 400x1.3x1x1x1
lg = TR Xd= xd=38xd=1059 mm
1,1,1@( - ) 1.1 x 1 X v25(2.5)

slsss 6[»&;1#4 A.Los Jﬁ.la u_,..uu
L el il alog Jsb 5 wil oo ClassB g 5l alog il oo alog b Ky 5 (6 ol yos (sLos Khoo soled aSCyl 4y a5 L

335 59, Lopiice = 13lg = 1.3 X 1059 = 1376 mm
i sy loplice = 131y = 1.3 X 1713 = 2227 mm

(3290 gy 4 08X ¥ oalog Jowe jo 3 bl jo Sliss sles She (55lee oo dwloe

500 — 2 X (64) ] 40mm cover
c = Min 64'# = 64 mm c 4+ kir
404, 40 %2 x ( 52) - ( ) =3.03>25-> Use25 ¢ '7 {7;28° > +25mm
X 2 X (m X
Ktr=—2Y= = 20.94 710
sn 100 x 3
F WY WY, 400x1x1x1
a= TR X d = xd=29xd=2818mm
111 fc’( ) 1.1 x 1 x V25(2.5) 2
d [] Q *
=500 mm —

0,8l Voalog Joxe jo 5 sleal jo Slow sles S dlog Job
b el ol alog Job g 0l o ClassB goi 5l alog cil oo alog alais G ;0 (6 ol yoo (slod Ko Caas 5l s &S] a5 a4z g5

335 e, Lypiice = 131y = 1.3 x 818 = 1063 mm

(3290 gy 4 08Xk Vo alog Jowe jo 5 slel jo Slisw slas She (55lee Jobo dmloe

40mm cover

) 500 — 2 x (64) _ﬁ!‘_
c=Min(64——"""") = 64mm B 25mm
4 c+ ktr 7@'28 +
- ( ) =34>25—-> Use25 /ﬁ 10
Kt _40,4],_40><2><(7r><52)_314 d e
TS T 100 x 2 ST
EY.Y Y.V, 400x1x1
lg=—2 8 x4 = xd =29 xd=818mm 5928
L (55) 1.1 x 1 X 25(2.5) ”e
e 8 o %o
|**— 500 mm —™
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o 8ha ¥ alog s 1 55 (sl o S slos Sls alog Job

dog 9 5 (oot 55 2 3)ly S plp 93 5l i alali (nl o 1S (phed Caaglie ST 9wl oud alog (6l slas S a5l eS
bl ol (e cind H5ile,] 0939 5 Ll o L) o8 4SS 5 50 Cudie (sied b b 0,5 58 ClassA |

3077 x 400
) =711286916N.mm =711 kN.m

Mn = 0.94,F,(d — 0. =0. -V
@Mn = 0.94,F,(d — 0.5a) 09><3077><400><<700 05X500x0.85><25

M. —3oo+0818
T 3.5

L: Sl ﬁ‘)g

X 200 = 347 kN.m

=8 o) lsplice =1, = 818mm

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.

5,5 09,5 iy alog

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

255 glasl alog -Y-Y

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

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 £.! <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.
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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).
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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

lension or compression

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

(a) Within the joints

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

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