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— Tkd] 5 B0
A.S na.
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A . NAg
= i |

With compression steel

E.
b
Br=: &
(nA )
_ bh®
" =3
Without compression steel
kd = (J2dB+1-1)B

ler = bkd)¥3 + nAg (d-kd)?

With compression steel
=9 As/{nAs)

kel = [J2d8(1+rd'ld)+(1+r)2—(1+r}]lB

r =
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One-way Slab Example 1. Nonprestressed one-way slab ~ dggim1oq = 175 mm — 20 mm — 16 mm/2

Concrete— | |
J: =35 MPa (normalweight concrete) h=175 mm
J, =420 MPa
20 mm cover };
No.16 bars LCwer

For reinforcement closest to the tension face, the
spacing between reinforcement is the lesser of (a)

and (b):
(a) 3000280/f) (a) 300(280/280) =300 mm Controls
(b) 380(280/f) — 2.5¢, (b) 380(280/280) — 2.5(20 mm) = 330 mm

S = 2/3f, =280 MPa

The maximum spacing of deformed reinforcement
is the lesser of 3/ and 350 mm 3(175 mm) = 525 mm > 350 mm
Therefore, Section 24.3.2 controls; 300 mm
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Report on Structural Design and ACI ITG-4.3R-07
Detailing for High-Strength Concrete in

Moderate to High Seismic Applications
4.8—Recommendations

“factor oy shall be taken as 0.85 for concrete strengths f, up
to and including 55 MPa. For strengths above 55 MPa, a
shall be reduced continuously at a rate of 0.0022 for each
6.9 MPa of strength in excess of 55 MPa, but o shall not be
taken less than 0.70.”
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Example:
Calculate the design strength ¢¢M,, for one of the T beams in the positive moment region.

The beam has a clear span of 7 m (face to face).
f =28 MPq, fy =420 MPa. (MM Ve Ggols ,hd g MM Fe 5,80 g3, Licdiss)

. ¥ ¥ ’ -

[ ;

< <

T |

m

—1.8 M hl-* 1.8m pelp———] B 1) ——p



Alireza Faroughi =98l e

PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

6T abide o Croslie
¢ &

75 mm I 18 '
ol LM i
A A
EI- J * |
§ —— .} T -
N— J; -1.5m
300m
Solution:
From the Geometry of T-section:
b, =300mm, h—=600mm, t=hr=75mm :
A (46 25) = 1963.5 mm? g i
b, is the smallest of: K o | !
L 7000 0
(@) b.<h, + I“: 300 + —— =2050 mm, N
(b) b, =B, +16h = 300 + 16 - 75 = 1500 mm, — control

(¢) b, < Center to Center spacing between adjacent beams = 1800 mm. ‘ Take b, = 1500 mm.
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O O 2=y
Asfy  1963.5 420

o =231mm < h=75mm

T 0.85f'b, 0.85-28- 1500

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

25
d=600—4ﬂ—10—?=537.5mm

2 23.1 »
M, = Af, (d - E) = 19635 - 420 (53?.5 _T) x 106 = 43374 KN - m

Check for strain £ == 0.005 p= ::f <p max
5 gl X:;;:i:E:Z?JB mm, ’ Bl = 0.85
B, 085
d—c 5375 —27.18
£ = 0.{]{]3( - ) = O, 03( 2716 ) = 0.0565 > 0.005 OK

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

M,=¢M, =09-433.74 = 39037 KN -m



Alireza Faroughi
PhD in Structural Engineering
Assistant Professor of IAU. East Tehran Branch

Iy, ':c':“v

B Ols 9=lg

Example:

Compute the positive design moment capacity of the
T-section beam. (MM s Ggols s g MM Fo 8 Koo 59, imivgs)
f¢ =20 MPa, fy =420 MPa.

Solution:
From the Geometry of T-section:

b, =200mm, h=650mm, t = hy = 80 mm
A (4 28) = 2463 mm?
Checkifa > hy

Asf, 2463 -420

=085 b, 085 -20-600 | 0lA2mm

a

=98l e
o}Lw‘sw.\J..Qi» ;“‘M‘"dﬁsé
- FY% SUCA PR IV Y Y P L] KR PRY

S0 T ada fod Canglilo

600

650

428
30

— |l

O Q|
O O]
200 ]

a=101.42mm > h.f = 80mm. The beam section will be considered as T-section.
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By Ol 9=l
_ 085 f/(b, — by)hy _ 0.85 - 20(600 — 200)80
I fy 420
Agy = As — Agy = 2463 — 1295.2 = 1167.76 mm?

_ Agf,  1167.76 - 420
- 0.85f'b, 0.85 -20-200

Ag (4 28) are arranged in two layers

= 1295.2 mm?

= 144.25 mm

a

30
d=650—40—10—28—?=557mm

M, = A fy (d — %) + Asw fy (d —%) =

4425

80 1
= [1295.2 420 (557 — ?) + 1167.76 - 420 (557 — )l X 107® = 519.05 KN - m

Check for strain £, = 0.005
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Check for strain £, = 0.005

a 14425
X=C = 1?1 =085 169.7 mm, B, = 0.85
S d, 30 28
dt =d +§+?= 557 +?+?= 586 mm
d, —c 586 — 169.7
& = {}.003( p ) = 0.003( 169.7 ) =

= 0.00736 > 0.005 OK

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

M, = ¢M, =09-519.05 = 467.15KNm

=98l e
o}Lw‘sw.\J..Qi» ;“"’A""N&Sﬁs"
- FY% SUCA PR IV Y Y P L] KR PRY

S0 T ada fod Canglilo
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‘Lﬁw" T é.b.o.o ‘s.m" . C.k.ogLs.o
AL Colloes e

G JS5 e (25 I, a7 L) AT (5,08 Sl 4 oS T gl 53 o oS4 3T
il gl paie 0¥ uBlS yailey] S Baud naly

r==fﬂ-w'=m'r Flr:rth-mm'
-r
Yivem (v
S0cm fa cm” I\
Hem [roaletbolangieariat T
t "1'.-._‘:F.;Ef?ﬁ-"'ii::'3.;.-ilf£.h}f.La|:n_ _ WIFY cm (¥
“":f:f"l ] 'J' T".lhr mﬂr [‘f
2Bcm
-
BCM
_* 159cm

a(b)(af)) = As(Fy)
80(500)(0.85 X 25) = A.(300) — A_= 2833.3 mm?
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G Ol a>ls s 58 stk Ty Lacl 1-T-B-7-1
el sl Sl n Vel i g il oloa falih 0 Ue St Y0 F2.5 58
alagfdo gl UilknaT dlpma® o Eamalpt b e Y-8 L B VP& oo faass
ly Lolees 5 bt cpiol plas o salls il slojl 3525 &g 5 0,01 s &0 (5 5380
Al g il IS 50 s B Sni b ol Bas d0d meis (L + Bas) oo p sl
035 e b BT lays (allBl ol ploe oo )b oS 5 plos o aile IS 2y
srlate plo (Llatis plads allBl (il plos ol 5o g 3oh oo dslons JU e (250

.a.;)fu.a

I_:l q :.Ire-r g .Irei li—hﬂljd—lﬁ _.?_: }n} a urem n-ﬂ...lli.ﬂ-a:l hﬂ-l} }n} }...G-LC- JS}H dh{fﬁl ;;.'ILM _J1"'~"|;leﬂ

23,5 oo Cpeetd (T-18-9) gakail, 5l eolasi)

e == (ot + 2lem + Ler) (Y-13-9)

24.2.3.6 For continuous one-way slabs and beams, I, shall
be permitted to be taken as the average of values obtained
from Table 24.2.3.5 for the critical positive and negative
moment sections.
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7 1 “@ N kg 398 S)lee 4 axg b

Glae g o o ACH ol
3o b g ACI asb pol 24.2.3.6 0
i : olee  lawge 5l Y-Y-Y-14-4

., 9 . ',o. Qw )d l . gﬁ"’—;‘"

- be R 1dges oolazuwl
+ve
h 7 _ Ie: pos + Iej neg
P e.mg
- 2
Sec. 1-1 Sec. 2-2
(b) (c)

G2 clps polie) gy vl ilaie by 6l ) ey Y slods 4 4z b cnlnle
(A oo 5 ACH gillao 2w

(0.7+0.35)/2 = 0.525 =~ 0.5
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cracks cracks cracks cracks
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Condition (= Job ,9)  Spacing
Ve £ 4.2

Mo shear reinforcement required

e
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Monprestressed 5=

07, +40.33 b, d <7, <07, + 40,66y 18,4

3k
- Prestreggsed o o o L o o S.E_E_*ES.DD.mm_ -

V. =00 + 4066, b d Increase cross section




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

&

(J 598 Gle Gl P 19) (oo p Swglio
For¥-11-4
Vi om% 9 oo J Slp Flm oo

Ln\-;.-w1a€ﬁs:5h}pw)3=2,j‘jll{l\.l=}b b_glaﬂs,.;2)_5.4)Jgﬁbdﬁfui};f&mjsbaﬁhg1j£1ﬁcﬁaa

Sjﬁiddkw n:fU;JL-JJdM|J&_}ﬁ -L&LJ)LUQJJM#JB@?Q _-La.'t.H U..S.c- -".5(3‘]1:- e

..m,;h_;a,z;ﬁusa,;:,gtdu.pugt)u;ﬁ:h.s.muﬁl;Jﬁ;ﬁ;ug;ﬁ;g,bﬂ@ufaﬁmf;

(| abia /l/

i

| :

g T
| E

|

|

}’d—“ m’?/@ hl — i
| | ! \ | _M“‘"--H--J

o iy ok




Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

&

(J 598 Gle Gl P 19) (oo p Swglio

H W)

Do 0 485 5 j0 ol AT A 50 Sy Jl e alaio b ol 4T (81 g3 ol 92 2 L
Al e D & B AT el s (A
il &1 7 g (S o 4T g 31 d Aol 33 & Sk (@

P
£
| ] S b -
\ |
|
N |
i
. I | e d
R J N
A | 7 |



Alireza Faroughi =98l e
PhD in Structural Engineering 03w (o dien cuaS (G 5SS
Assistant Professor of IAU. East Tehran Branch B oy alg oSl 3131 oKl Hb sl

Il ':rr.“'

B Ols 9=lg

Y Jbe

A Slewls
PP i padlie jl KaalaS dy 39l 0 (30 2 > ) Cojge s &5 poj 407 il polie (S 59y VP
(£, =400 MPa , £, =22.5 MPa) T4k o

=-~30cm
é _ V,=390 kN (1
Y V,=373 kN (v
& b 1]s12@80mm V, =350 kN (v
- R V=32
N 7 kN (¢
t 6 [
}
PV = Ve + @l
d
= 0.75 x (0.17 x \/f7bd) + 0.75 (EAUFW)
340
= 0.75 x (0.17 x V22.5 x 300 x 340) + 0.75 ( = )><400)

= 61.688 kN + 288.25 kN = 350 kN
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300 mm > 0102100 mm
o ORat150mm

@
S0mm é e L L

r

: 400 mm

Ag1o = 78.5 mm?
Apg = 50.24 mm?
V. = 0.17 x v25(400 x 350) = 119 kN
B (78.5 X2 50.24x?2
=

7, =354kN — oV, =265kN
100 150

)x350 % 300 = 235 kN
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V, < @(V, +0.66,/f.b,,d) = 0.75(119000 + 0.66v25 x 400 x 350) = 436 kN OK

Ly Sgals alols s
d 350
V, = 235 kN £ 033,/f.b,d =231 s< 1= - 87.5 mm

oV, = (V. +12) = (119 + 231) = 262.5 kN
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25 polia jl SaalaS @ p5 JKO ahile U gt (o SAT Cuaglie 4 5)L03 Caaglia S =T
i 350 mm, fy=400MPa 3 f. = 25 MPa fall e 25003

2.88 0
ET _~$10@100 mm 2.38 (v
§ 8¥6 L

l, 3.6¢F

A, = 8 x 3.14 X 82 = 1607.68 mm?

:d)tﬁ x;-\.dEU'I'..a

oP,. = ¢(0.8P,) = ¢ x 0.8 (o.asf;(,qg - A )4 f},AS)
= 0.65 X 0.8(0.85 x 25(350% — 1608) + 400 x 1607.68) = 1670 kN
PPy = 0.9P, = 0.9 (f,4,) = 0.9(400 x 1607.68) = 578.8 kN

QP
QP

= 2.88
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Py = 0.85 x 25(160000 — 2 x 2462) + 400 x (2462 X 2) = 5265729 N = 5265kN

@Py = N,, = 0.65 X 5265 = 3422.25 kN
(IS CBS v dmbio JSb ay) € alais 0 s 5 6,L8 Caglio vl

£y = 0.002 S 3,%ho 555

€5= 0.002048 $)LES 2 s G
600 3 N — Ccp—dr_¢&ilg
f, + 600 d— Ch=x = < X 336 = 201.6 mm =

C
a = 0.85x =0.85x 201.6 =171.36 7717;91
C, =085 f (a, b= A's)
C. = (171.36 x 400 -2462 ) x (0.85 x 25) = 1404.24 kN

Scu

Cs = 2462 x (400) = 984800 =984.8 kN
T = 2462 x (400) = 984800 =984.8 kN
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Pr=C,+Cs—T = 1404.24 +984.8 - 984.8
@P; = 0.65x1404.24=912.75 kN

Z 4

Pc 912
P, 3422

~ 0.27

400

LS Le,—le

03w (o iigen (a5 S

0.85f'c

£s=0.002
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=1404.24 kN

h h
s 64) LT x (d _ E) — 428,398,316.8= 428.4 ' kN.m

oMy = 0.65 x 4284 = 2785 kN.m
| £=0003
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The Reinforced Concrete Design Handbook

A Companion to AC/ 318-14

Loads considered Dead + EQ + live + snow
Load combination (III)U*= 12D+ 1.OE+ 1.0L +0.28
M, A Load breakout 12D +1.0L + 0.2S 1.0E
1.2D+1.0L+0.2§ 1.0E V,, kN 0 22
M;, KN-mm 1356 +196,594 |-LwkN A =
(M,)1op, KN-mm 1356 +196,594
ﬁi[g, kN-mm 2712 i263,027 (M,)sor» KN-mm 2T i263,329
625 Check to see if slenderness can be neglected for For a sway frame,
I ' sway frame. Slenderness for a sway frame can be
neglected if &f,/r < 22. % —60%22

Slenderness cannot be neglected.

Calculatethedesxgmomeutsﬂdiand% My = M+ SM 1s= 1356 + 220,185 = 221,541 kN-mm

Magnify the moment for second-order effects 03

the length of the column. A= YV 1.26

0.75%6030

M, = 8M, = 1.26 x 297,304 = 374,600 kN-mm
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Md=0(Mns+dsMs)

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

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

ke

~>22 _
ZPH tOta] factored r MZ M2n.s' + 5;M2.s [Mz shall not exceed 1 4( Mgm +M23} ]
vertical load
AW >0.05 | k€, )
N ¢ . <22 I:> M, =M, M=M, I$ TR T 31 IRVRVA}
ZP A o 5L 50T gl
i 0<0.05 v < Min ke, |:> M. =M, [LIWIE IS FE RN 1 UV WA
Vis horizonta ’ —, S3AF1AM, M) |6 shall not exceed 1.4 ‘
story shear 4
40 (M i = P,(15 + 0.03h)]
k¢ ] / .
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g (g0 Pgee (MONSWAY) il oo bla GB 5009 ooy e sl o5l
400 x 400 mm s ol

500 x 400 mm : .5 sl

:1.2D+1.6L L oS 5 5 cow (A
[, = 3200 mm -\

=06<1 -v

P, =800 kN
P, =400 kN
Pz = £300 kN
Fc =25 mpa
’g —_ 1.2 X800
dns T 4 2 x800+1.6X400
0.4Eclg 0.4x(4;00\,-2—5)x(%
E!eff =

1+0.6

) = 1.25333 x 103 mm* -v
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5000
= 2.35
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Bresler idicated that, typically, a varied from 1.15 to 1.55, with a value of 1.5 being reasonably
accurate for most square and rectangular sections having uniformly distributed reinforcement:
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