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Circular Beams.
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4 |4 | BB |.0176 Pr |-.0822Pr|.0053 Pr
6 | g | P12 ||.0075 Pr |-.0148P 7| .0015 Pr
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Check Shear +Torsion.
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Case O 9.<9,, 5 % >9%,..

Use Shear RFT. to resist Shear Stresses (qtu- qg’“") applied

From Torsional moment.

@ Closed Stirrups.
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Case @ q9,>9,,, 9%.,>9,..

Use Shear RFT. to resist Shear Stresses (qtu) applied From Torsional momendt.

4+ Shear RFT. to resist Shear Stresses ( - _ applied From Shear Force.
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@ Torsion.

. —®

. L5 Torsion JI 4oslia lasbios ) daa ;) O fas aaluse o0 A gy,

® Shear.
~ED-e

Llils SLE (S g Lyl SLS
laalos ) aalsldl of auo , U1 IS 5o aanly Faw glale dolise 0 A,
cdads Shear JI a.,ylid

SLE sae » N =2 Gaeyd ol S Ea0d Sae (,T u’a_,.i..':l_,f Td,é -

Agtrr As Glausd a3 S-% 5 3 Pl (Ve —0)oe = sl
Ag t =Agtr + Ay 2ol BB o gl aobius 355
outer

¢0ute'r< ¢12 ) ‘_J A < 1138 mm eslS L —
Ou

ks SIS 925 Y 5 Dpuier =¢80r B10 or P12,k
T =4 U, 58T el s ywas Ag D173 mnd ol 131 LT —

outer
As =Ast.,-+As daad Ll As Aol LI o3
outer
A ) =A s el Wasd
inner
@ Copyright Eng. Yasser El-Leathy 2014 . All copyrights reserved. Design Beams due to Torsion

Downloading or printing of these notes is allowed for personal use only.
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 29



M5 S d possddl Hlasl s s

| M || o
1 | 2] 50 |2% =
2 |2 oo 07| Bz
é 3 | 2| 7o |2 &
4 | 2| 80 |10 T
5 | 2| 9.0 | 59
% 6 | 2| 10 |
74150150 | G [T
I e
/ A _Pmmer |
10 [ 4 [ 0.0 |80 ena |
|11 | 4] 90 1990
12 | 4| 10 | 129

@ Longitudinal Bars.

Torsion.

@ Copyright_ Eng. Y_as_ser El-Leathy 201_4 . All copyrights reserved. Design Beams due to Torsion
Downloading or printing of these notes is allowed for personal use only.

Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 30



/ From the design

// of the Slab.

7P12\m oL «— 7F12\m byl plus 1S 13)

sy bb)j‘,)wl ] sSLWY YV = e\ﬂ::.)&.” LW sae dalas
caalals LS L Y, F - 360 NM\mr® 9

As =P12 =113 mmd 5§ 8] Check Jass g3

caalils SUE plasiu) @) glisaw Wl I Shear StressJl Jasd) (iS5

For Torsion Egn. e M, S >
0 % Y (&)

S = 1000, R _ 360 N\mn'®

For Shear Eqn  qa _nAsENS)

n =2 ,Ss=1000 ., F, _360 N\’

After we get As A, chek Ag =Asr+Ag <113mmt
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outer o ag s Bl SIS ks s go Aol el

o IF As > f13mnt g ,

Al B Y Lose by SLIS s
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Example. 84 12\m

/ From the design

F =25 NM\mnf / of the Siab.
cu ‘ ll

}4; =860 N\mni

Mtu= 55.8 kN.m 200 | G7T< VT

q,,= 1.06 N\mm?
9; = 2.38 N\mm? -300-

RFT. of the cantilever Slab 8#12\m
Regq.

Design For Shear & Torsion.

Solution.

\E
qcu= (0.24) 7.5 = 0.98

q 25
tmin = (0.06) 1.5 = 0.245

q 25
Umaz = (0.7) 7.5 = 2.85

N2+ aE \1.06%2.38° _ 260< T, .. - o.k.

%>+ G > | 0By s (0)

@ Torsion.
L1=220 mm s Y,=620mm

Ast'r Mtu St .‘.Ast'r = (55'8* 106) St

(1.7) X, Y, (I;—y ) (1.7) (220) (620) (360,/1.15)
* - |Asy - 0.768 S,
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® Shear.

q . _ q9.. _’nAs(F;VSs) - 1.06_098 _ nAs (360/1.15)

2 bSs 2 (300) Sg
Ss
T

Ag = 0.546

n==2, St= Ss—iao—go—125mm

Agpr= 0.768 Sy = 0.768+ 125 = 96.0 mnt

Ag=0.546 *E;s = 0.546 + ;23' = 84.12 mm®
Ao'u,te'r— Agtr+ Ag = 96.0 +34.12 = 130.12 > 113
8#12\m
. We have to use Inner Stirrups //
17 ' ]
_8\m _|| |
n=4 , S;=S8s = 1090 - 125 mm
Ast'r= 0.768 St = 0.768*125 =96.0 mnt
A=. §=. *1‘25 =17.0 mn’
s = 0.546 " 0.546 20
A, - |
oute,, Agtr+Ag =96.0 +17.0 =118 L 118 .. 0.k
- 2
'mner A 17.0 mm” = ¢8

72

4
~
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7#10\m \
Example. , - The- destgen Ggiz\m
of the Slab. | rom sign

| | of the Slab.

[ 7 | . " ) . ]

8¢12\m 259 a8l ks o5 13)
FE, =360 M\mm’  8g12\m ape,LJl &L dalas
Uy 8g10\m 03al Baw 7810\ m LN S\ pals (1S 13)

solutio daay Bl 5 adalad) BB sue 5% S 870\ wlslul &L

As < #10=78.5 mm® y A <#12=113 mm® &5\5 13) Check Jass (3
mner outer
Shear Stress Jl Jod (S

For Torsion Eqn. A_. _ M., S: >
0.7 X Y, (};—i)

2
F, = 360 N\mm , Sp= 1290

For Shear Eqn. q,, mAs(FENS)
R e YOR g

n =4 , F,- 360 N\mn’ , Ss=1999

AFter we get As Ay, Get Ag = Astr+ Ay <113 mm

outer
Chek .
«IF Ay < 113 mm® mner
outer —
A 2 amnm )
ga,ne'r< 78.5mm" .. 0.K. ] s bl O s uls ga adodo) ales
* IF As > 118 mm®
outer L — ) Ao¥ll gl 5552 of oy o)
or As > 78.5 mm® —r— oy ) B 7l jals g8
inner
.. use another RFT. system
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Example. 3$10+3p12\m

For Shear Eqn. M =2 , S,= 1000 , F _360 N\mm"

7 6.0
For Torsion Eqn. S, = %’ , F, =360 N\mm®
, Check AS = As+Astr < (78.5 +113
outer 2
Example.
3#10+3¢ 12\m_
72 \\
/ \-‘
|| 688\m

For Shear Egn. 1, =4 , S,= 1000 , F, 360 N\mn

For Torsion Eqn. S, = 1000 F =360 N\mm

6.0
Check As =A; < 503
mner
78.56 +113
Y Check A = A +Ast'r (
oute'r 2
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Special Cases.

pleadl alodls Sloz S any 1)

bl o5k an

///////////////;

%

Strip @
Strip @ g:
" =3 l
7.'»
i
7. N %
‘ J|
T A |
% L. %
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Lo oS 4 bl oo aou,d L @
0yS)) ylo Torsion oSk W one support oo ST yle Usama 5533

1.5 Lo

7 g 7
% F %
cT— )|
) v,
% L, %
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Specral Case.

S.S.

| I——

Y zzzzzzzzzzziiiziizizizziZzzzz:agzy

(78

JS2 LS lins JplS sy 13)

bt Gyl an

Strip @ §. ',
Strip @ g:
,I
~=
i’
—J
L %
| |
|
|
|
|
I
Ir— '—jJ
I
|
I
= J|

|
|
|
|
| |

7 L,
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Lo oS 4 bl oo aou,d L @
0yaS)) yle Torsion 55 W one support oo AT le Usame 5,533

— J
y \ 7
7 C 7
|
| |
|
|
|
|
|
|
Ir— 4 :
A 1
= )|
|
|
|
|
|
|
|
[ :
Z %
7 L, 0
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Steps of design a Beam
Subjected to Torsional Momendt.

@ Draw B.M.D. , S.F.D. & T.M.D.

Load Moment
o.w.+ R kN\m My Nm\m
é | | | | | | | é % ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1
| L ] L |
m; L m;L m;L m; L
2 2 2 2
w L B.M.D. M;-= zt
N
& T.M.D.
S.F.D.

@ Estimate the Dimensions Of the Beam (b,1)

@ b= 300mm OR 350 mm OR 400 mm

Take t: The bigger value of t ’ t

tor. ben.

@ Design the beam according to B.M.
and get the main steel (As)

@ Design the beam according to Shear & Torsion.
and get Stirrups & Longitudinal Bars.
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Examople.

Void

C
:
a 12 u b
1_ Py =75.0 kN

S S I B S—

Data.
E,, =25 Nmnl F{, — 8360 N\mnt

Regq.

@ Design the beam (0 D) and Cantilever (C d)
(Neglecting the 0.W.)
and draw The details of RFT.

@) Get Loads on Column (b) at this case.
and Draw the Internal Forces Diagrams For that Column.

@ Draw a necessary member to make beam (0. D)

Free of Torsion.
and Draw the Internal Forces Diagrams For the Beam at this case.

Downloading or printing of these notes is allowed for personal use only. Page No. &7
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Solution.

@

Loads on
The Cantilever (C d)

B.M.D. (C d)

Loads on
The Beam (ab)

B.M.D. (ab)

S.F.D. (ab)

Torsional Moment on
The Beam (ab)

T.M.D. (ab)

@ Copyright Eng. Yasser El-Leathy 2014 . All copyrights reserved.
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l75.0 kN
a C b

lf'4.o | 4.0—1f

37.56 kN

150 kN.m

37.5kN

45 kN.m
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@ Design of Cantilever (C d)
R—Sec. Take b =250mm

Sec. @  M,,-90.0 kN.m
-Take C,=3.50 — J=0.78

6
_Get d = 350 \[Mer _ 550 ([90.0410° _ 420 1um
F.b 25 250

— Take |d = 450 mm| |, t =500 mm

6
900219 _ 763 mm: (4 #16

_cet Ag =
S T 0.78+ 360 » 420
(250) (450) = 343 mm

— Check Asmm=—bd— Lt 2
V

As> Asmm - o.k.

Dimensions of Beam (ab) Take b — 300
aKe = mm

+ T = 3.50 \/ — 3.50 /159 210°  _ 494 .9 mm
ben. 25 + 300
M, _ 3*45*10 = 937.5 mm |t = 950 mm

~
—

+ T — ' =
tor. b*’-5 300°. 1.6

Design of Beam (ab
gn of (@?) (300+950) M,,- 150 kN.m

6
900=C, \[180219" _, ¢, -6.36 — J=0.826
25 » 300

150 «10°
. = 560.4 mnt

S = 0.826+ 360 « 900

1.1 2
— Check Asmm =F bd = 360 (300) (900) = 825 mni

AS <A3 in. " Take As =Asmin.

As = ’ 'vd = LL (300) (900) - 825
} 7.285

1. 3Ag,., (1.8) (560.4) = 728.5

st. 360/620 910 p g = 915 (300) (900) = 405

3 728.5 mni

Design Beams due to Torsion
Page No. 43
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Design the beam For Shear + Torsion.

q,- Q@ _375.10°_ o 138
bd 3004900

LX1=220mm , Y,=870 mm q,, - My, My, (%+9)
w= e

24t 0.85(x]yl)

Q, - 45.10(250+850)
tu=

=1.29
0.85 (250% 850"
25
qcu= (0.24)\|7.5 = 0.98
25

Tt min = (0.06) \|7.5 = 0.245

25
Ysmaz = (0.7) |75 =2.85

2 2 2
\/ q.+9;, — \/0.138+ 1.29°_ 1.29 < Yer « 0.k.

‘qu <qcu » 9, >4, . \ Use RFT. For Torsion only.

* Sturrups.

c Ay My, St o Ay (45.10% .S
(1.7) X, Y, (1;_3!) (1.7)(220)(870) (240/1.15)

« Take 8 —> Ast'r= 50.8 T | St =1.509 » Ast'rl

s Sy =1.509 « Ay =1.509 % 50.3 =75.9 mm < 100 mm

*x Jake ¢ 10 — Astr= 78.5 mm

. Sy =1.509 « Agy. =1.509 « 78.5 = 118.4 mm > 100 mm -. o.k.

.. No. of stirrups\m' - 1000 _ 1000 _ g 44 _g9.¢
S 118.4

Use Closed Stirrups |9¢10\m:| 2 branches.
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* Longitudinal Bars.

Ag - 2 Aser (x,+y,) ( yst'r)

'yLb

Asl =2 (78 ) (220+ 870) (240 =963.5 mm®

118.4
g _ASl =240.9 mm’
4
I‘ 1200 -
7?3 542409 —300+
S#12|p~™ 2 —_————— e )
* =318.7mnt 3g12
500
950 ‘ vios AT 2412
2412 |p— afihihdbod
? S =<0 950
AN ™ o212
2¢12|p o 4216 9810\m_|
728.5 +240.9
~800-- =T
. C .
RFT. of Cantilever. ross Sec
In Beam (o b)
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@ Loads on Column (b)

Reaction of S.F.D. 37.5kN

- a
Load on the column. 2 b
S.F.D. 37-5’°NT

45.0 kN.m

Reaction of T.M.D.

Moment on the column.

T.M.D.

Internal Forces Diagrams on Column (b).

37.5kN
0“%
)b v\ 37.5 kN 45.0 kN.m

il
6,0 (-) (=)

777777777 _v 777777777 777777777

Loads N.F.D. B.M.D.
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@ To make the Beam (a b) Free of Torsion.
We can put a member at (C€) as shown.

5.0
= _
}_d l+]| Py =75.0 kN
4.0 : 4.0 |
75.0 kN
Beam (ec d) e C ld
A A
* 5.0 '=1.2—|
18.0 kN
TR=93.0 kN
93.0 kN
a YC b
Beam (achb)
46.5k O0——A. 46.5kN
B.M.D. A'\/‘A
186.0 kN.m
46.5kN
S.F.D. & 2
46.5kN
T.M.D. & S 2

Design Beams due to Torsion
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Exaomple.

Short Column.

__________ N
N
N

Data. ~L

]:';u= 25 N\mni L/z‘o
];'I’ = 860 N\mni

F.C.=1.50 kN\nf
L.L. =2.0 kN\nf

The Column 1s Short column.

Regq.

(@ Complete design For Slab, Beam & Column.
@ Draw the details of RFT.

Solution.

Loads on the Slab.

Strip in the slab.

11.86 kN.m\m

t,= Le _ 1500 _ 150 mm W, =10.55 kN\m
10 - 70
|t = 150 mm| 15—

R=-15.82 kN\m
(Ws) =1.4(tsB0+ F.C.)+1.6 (LL)

11.86 kN, >
(’wsg_L =1.4(0.15425+ 1.6 )+ 1.6 (2.0) = 10.55 kN\ni m\m

R- 10.55+1.5=15.82 kN\m’ |
2
M = 10-53 *1.5 _ 11.86 kN.m\m
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Design the Slabd.

11.86
Sec. D
M, -11.86 kN.m\m I
yts=150 mm » d=130 mm @

6
130 =c,\/;;-ff;;g > C;= 596 — > J= 0826

6
11.86+10 N N\
As = 5526 360 « 730~ = 506-8 mnt/m S5 10\m

Loads on the Beam.

Wi= 0. W. y = 7.0 kN\m  (U.L.)

(veam

W2 = 0.W.(beam) + Load From Slab.= 7.0+ 10.55 + 1.5 =22.82 kN\m

M= 11.86 kN.m

11.86 kN.m\'m: Wo=22.82 kN\m
Wy=7.0kN\m__~_
I e e e H 'y e o e M
20 2 2 2 4
?23 72 kN.m 28.72 kN.m ?59 64 kN 59.64 kN?
l«:20»'«—40—»'«20»1 l«.20»1~—4o—~'~zo»1
8.0 m 8.0 m

28.72 kN.m
28.72 kN.m
T.M.D. S.F.D.
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Dimensions of the Beam. Take b = 300 mm

* tbm= 5.0 \/ = 5.0 [150.92¢10°_ 709 mm (L—sec.)

25 t300
el = M,  _3.2372410°

tor. b +1.6 300" 1.6
Design the beam For bending. (300 s 750)

M,, = 150.92 kN.m (L—sec.)

_ 494mm |t =750 mm)

C.L.—C.L.= 1.5 m = 1500 mm

B=<%¢6 ts+ b =64150+300=1200 |B=1 100 mmI

K +b —10.8%’%300 =1100mm

7oo=c,\/m" C;=9.44 —» J=0.826
25 + 1100

6
g = 150.92 » 10 — 725 mmg
0.826 » 360 + 700

1.1 2
— Check Asmm =F bd = 360 (800) (700) = 641.6 mm’

Design the beam For Shear + Torsion.

Sec.(D q,- Q _59.64410°

bd 3800700

= 0.284

X1=220mm , Y,=670 mm M,

q, - 2872410 f(e20+670) . 24t g5 (xhy
0.85 (220% 670 )

25 25
o= (024)\75 =098 Yt min = (0.06) \|7.5 = 0.245
25

qumax =(0.7)\1.5 =285

2 2 < 2
\/ 9., +9;,, = \/0.284+ 1.14" _ 1.17 < qum ~o0.k.

qu <qcu s 94.,>9.. |- Use RFT. For Torsion only.
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x S LArrups.

c A, My, S; A (23.72.10%. S,
1.7) T, Y, (F_y) (1.7)(220)(670) (240,/1.15)

| Sp=2.204+ Agr

x Take $ 8 — Ast,.= 50.3 mnt

. St =2.204 » Astr =2.204 » 50.3 =110.86 mm > 100 mm .. o.k.

*. No. of stirrups\m® — 71000 _ 1000 _ g 4o _ 40
S 110.86

Use Closed Stirrups 1068 \m 2 branches.

* Longitudinal Bars.

Ay =2 Ay (i) (F&tr) _2 (50.9) (220+670) (240
S, E,. 110.86 \360
2

% A3l=538.4 mmz o %: 134.6 mm
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Check IF the Stirrups 5#10\m 1is safe.
Sec.®

3
qu= Q _ 45.64410°_ o7
bd 3800.700

X1=220mm , Y,=670 mm

Q, _ 23.72410(220+670)
tu <
0.85 (220%670)

=1.14

26
9,,= (0.20)\[7.5 = o038

q 25
tmin = (0.06) \| 7.5 = 0.245

q 25
Umax = (0,7) 1.5 = 2.85

2 2 < 2
\/ q.+49,, — \/0.217+ 1.14" _ 1.16 < qumax s~ o0.k.

qu <qcu s 9, >9; . |.. Use RFT. For Torsion only.

% S LLrrups.

c A M, S; o Agge (23.72.106).St
1.7) X, Y, (F_v) (1.7)(220)(670) (360,/1.15)

~|S; =3.307 + Agy,
2

* The given % 10 — Ast.,-= 78.6 mm
o Sp =8.807+ Agy. =8.307 « 78.5 =259.6 mm > 100 mm .. o.k.

.. No. of stirrups required\m" — 1000_ 1000 _ 3.85 <5.0
S 259.6

the stirrups |5@710\m| 18 enough.
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Design of the column.

59.64 45.64
Reactions of the S.F.D.

Load on the column.

59.64¥N  S.F.D.

28.72 kN.m
Reactions of the T.M.D. \J
Moment on the column. 23.72 EN-m. 23.72 kN.m
T.M.D.
o « 59.64kN
kN y
59.64 28.72 kN.m 2P N\
93
) -)
7777777 7777777 777777
N.F.D. B.M.D.

Take the Column. (300+300)
MU,L,-- 23.72 kN.m NU.L.= 59.64 kN

_M_ 2872 _ o9, e _ 0.397 _ use @
=N = 59.64 . m g = 030 - 1.325 > 0.6 =5 C;
€-e+1 t C=0.8397 +23%_0.05 = 0.497 m

Z
Ms= Ne€, = 59.644 0.497 = 29.64 kN.m

6
. 250=C, v 29.64+10° _ , ¢,=8.97 —> J=0.802
25 » 300
6 3
wAg= M Nos _ _ 2964 +10° _ 69.64410° . 2
J F d (F\5,)  0-802+ 360 + 250 (860\1.15)
5 [j 4412
0.3
4412 |
0.3
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0 132”’2"\".'.'.,'.'.1,/. 1150
76

2g12p 4| T TTTTT

5416 726 + 134.6

—> &

5#10\m | —
i o]

300
4412

5#10\m
T&B

750 2412|b o 1088 \m
0, @ | —T L LA
725 + 134.6
t f L OB 16 eane ot
7 300~
.
Sec. (1—-1)
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Exaomple.

Data.

F =25 N\mmz
cu
FE = 360 N\mn

F.C.=2.5 KkN\né
L.L. =1.0 kN\n? (HL. Projection)

Spacing =5.0 m

Regq.

(@) Complete design of the slab, beam & the column.
@ Draw the details of RFT in plan & cross—sections.

Solution.

For (Sj) ts= Lc = 2200 _ 220 mm It81=220 mml

Case of Total Load. (T.L)

(Ws7) 7 =1.4(0.22+ 25 + 2.5) + 1.6 (1.0) Cos 24.2 = 12.65 kN\m”
(Ws2) 1 =1.4(0.124 25+ 2.5) + 1.6 (1.0) Cos24.2 = 9.15 kN\m’
Case of Dead Load. (D.L)

(Ws1) p =0.9(0.22426+2.5) = 7.20 kN\m’

(Ws2) p =0.9(0.12426+ 2.5) = 4.95 kN\m’
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Loads to design the Slabs. , vu)s;"

9 P 837, ‘26
M, = 12.65+ 2.20+ 2.0 = 27.83 kN.m\m g
2
My=9.15 4+ 1.10 « 1-0 = 5,08 kN.m\m’ LI,_LO 2.0 =
2 0.2

Design of Slab. (S7)

Sec. D

M, =27.83 kN.m\m
yts=220 mm > d=200 mm

200 = C\/zgff‘;;g > Ci= 5.99 — > J= 0.826

A 27.83+10° 2, |
= = mm,/ m
S = 9.326+ 360 +200 =~ 167-9 /7

Design of Slab. (S2)
Sec. @

M, =508 ENm\m
yts=120mm » d=100 mm

5.03 ¢10 — -
100 = Cst-moo > Ci= 706 —— J= 0.826

5.08 +10° 2, ~ >
AS=0.826-380 viog = 169-1 mm’/m 5%10\m

| —
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1 -
220, °%70|,. 5 #
\\\ //
\/
B _,, —1

e

I
//
—

5 ]

e \\
\"

!
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Design of the beam.

1-Draw B.M.D. , S.F.D. & T.M.D.
To Draw B.M.D. For the Beam.

0. W. (hoqm) = 10 kN\m' (U.L)

W = 0-W-(peam) + R’

R:=37.89 kN\m®

= 10+ 37.89 =47.89 kN\m
W =47.89 kN\m*

119.7 99.8

K//H\/%

To Draw S.F.D. & T.M.D.. For the Beam.

A M =2511 kNm\m R2=33.27 kN\m
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W= 0.W.(heam) + Rz = 10+ 33.27 =43.27 kN\m

W =483.27 kN\m>
Load A | | A | | A | | A |
-—5.0—"-—85.0—-"-—5.0—

0.45wL=97.83 0.5wL=108.1 0.5wL=108.1 108.1
S.F.D. ]

0.6 wL= 129.8 0.5wL=108.1 108.1

AM=M-My=27.83-2.72=25.11 kN.m\m

M= A M=25.11 kNm\m’
- AN N NN N NN NN Y
OrSiON kI NJ 7 7 7o 7 7 7

! 5.0 ! 5.0 ! 5.0 !
0.6m¢ L=62.7 0.5mi L=62.7 62.7 62.7
T’ M * ‘D ° W
0.56m¢ L=62.7 62.7 62.7
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Dimensions of the Beam.
Take b = 400 mm

* t = 3.50 \/ — 8.50 \[119:7¢10° _ 494 9 mm
ben. 25 » 400
= 3*627*’0 734.7 mm |t = 750 m

t
*+ . =
tor. 164 b° 1.6 « 400°

Design the beam For bending. (400+750)

119.7
99. 99.8
49.9 28

B.M.D. K_/

99.8

All Sections will be R—Sec.

Sec® M. . -119.7 kNm

6
700=C, \[13-7*10"_ . ¢, _6.40 —, J=0.826
25 * 400

6
119.7+10°  _ 575.0 mm?®

S = 0.826+ 360 *+ 700

1.1 2
_Check As_ = F, bd = 360 (400) (700) = 855.5 mm

AS < Asmin .. Take AS = Asmi'n.

1 1 1.1
As = bd = (400) (700) = 855.5
: 360
min. By 3 747.5

1.8 Asyeq = (1.8) (575.0)= 747.5

st. 360/620 918 g = 915 (400) (700) = 420

} 747.5 mnk
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Check if the Stirrups 5#10\m +5#12\m is safe.

Shear Torsion
q,- de = iz‘;'?;",ga: 0.463 L1=320mm, Y,=670mm
* q _ thu _ M tu (xi"'yi)
tu

24t 0.05(zy)

qtu — 62.7 410 (320+670)

=1.59
0.85 (320%670°)
25 25
q,,= (024)\[75 =098 | Dtmin = (0.06) \| 7.5 = 0.245
25

Dstmaz = (0.7) (7.5 = 2.85

2 2 ~ 2
\/ q,+9,, — \/0.463+ 1.59" _ 1.65 < qum . 0.k.

‘qu <9q,, s 9%.>9,.. \ Use RFT. For Torsion only.

Torsion.
c Aggy o M., S, o Agps (62.7.410°). S,
1.7) X, Y, (1;'_3/) (1.7)(320)(670) (360 /1.15)
8 - St :
Astr - 1.82

The given S;-= ’({Jﬂ =200 mm

. S
.. required A... = 2t
9 st 1.82
" Agpr= 299 - 109.9mm? <@ 12=113 - o.k.

1.82
the stirrups |6¢#712\m| is enough.
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* Longitudinal Bars.

+9) (B 320+670) (360
Ag=2 Agtr % (ﬁ):Z(n.a) ( o ) (250

A =1118.7 mnf - %:279.6 mnt

= 354.3mm b d 2¢12

750
b | 2#12

747.54+279.6

________ 2— ——lecb 0ed| @ ﬂ 16 )
=1027.1 mm
—400—

=k
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Normal Force & Bending Moment on the column.

W =43.27 kN\m

Load A | | | | A | | | | A | | | | A | | ITI
'—5.0——56.0—'—5.0—
97.8 108.1 108.1 108.1
)
S.F.D.
For the beam.
129.8 108.1 108.1
Reactions of the S.F.D. T T T T
Load on the column. 97.3 kN [287.9 kN| 216.2 kN  216.2 kN

M= A M=25.11 kN.m\m’
B W Wi Wi, W Wi Wi Wi W Wi Wi Wi W W W WY )

Torstion A////A////A////A///T
! 5.0 ! 5.0 ! 5.0 !
62.7 62.7 62.7 62.7
T.M.D. W
For the beam.
62.7 62.7 62.7
Reactions of the T.M.D. T T T T

Moment on the column.

62.7 kNom |[125.4 kN.m] 125.4 kNm  125.4 kN.m

237.9 kN
iy
237.9 kN 125.4 kN.m N
AP
A2
=) 7.0
|
1777777 1777777 77777777
N.F.D. B.M.D.
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Take the Column (300+700)

Check Buck lin&

@ In plane.

Case (@

Upper Condition Case @

. g k=2.2
Lower Condition Case @)

H -4.50 m

@ Out of plane.

L
lo.75: Case @
o
1R
4.50 ,)\ 0
3.75 | ”F
I
11
1|1
/l/
Case @

Upper Condition Case @)

gkg 1.2
Lower Condition Case (@)

H-3876 m
= 1.2%3.756_ 11.2 10
Ab 0.4 >

Ab= 22245 = 14.14>10

0.7
Take the bigger value of xb

5 _(A)st_ 14.14%07

=14.14 (In plane)

0.07 m

2000 2000
M, ,= Px® =237.9 x 0.07=16.65 kN.m

125.4 kN.m.
.2 5.4/_\ 125.4
125.4 142.05

M des.

Design Beams due to Torsion
Page No. 64

16.65

M add. M ext.
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v M, = + M,y

des. ext.

> M. = 125.4+ 16.65= 142.05kN.m

des
~—700——
237.9 kN
400 + 3
125.4 + 16.65
= 142.05 kN.m
Design the Sec.
_M_14205_ . e _ 0597 _ e
€= N =2s7.9 = 05T ™ o p=T4q =086 >05— 6
es._-e,«.%_c = 0.597 +279_0.05 = 0.897 m
Mg= NeCs=287.940.897 = 213.4 kN.m
6
. 650 =C, vz’“ 10 L, (=445 —> J=0.817
25 = 400
6 3
o Ag= Ms _ Nus _ _ 2134 +10° 2379410 — 356.27 v

JE,d (B\3s) 0.817+ 360 » 650  (360\1.15)

Take As\= As = 856.27 mnl’

Astota,l=AS+ Ag =712.55 mni®

As _ 025+0052 AMmaz bt
100
= 0.26+0.052 (14.19) | 450 + 700 = 2768.8m > As, ,
100
, ~—0.70——
Ag=Ag = Asmin _ 1379.4 mn?
2 t
0.40
6418 |
© o
s = %1 §
% N N o
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Example.
wU kN.m\m\ Mt kN.m

The Following Fig. shows a simple girder A — A
subjected to uniform distributed Factored 3.5 | 8.5
load (wWy) including own weight 7.0
and local torque moment (M;) at mid span.
It 18 rquired to calculate the max. torque | 4418
moment (M,;) , For the girder and its section
given in the Figure. r 1| 2#16
Data. 800
- rprow[ | | 1| 4776
F - 30 N\mni
cu | 6425
2
=400 N\mm
k \ 300!
> Asl
Solution. A [0l T
A 4 \\\\\’ .// //
Lsl_ 2416 N Y
4 \b d
As(F'rom momemt) = 6425 -2¢16 ; . ’/:
= 2946 — 402 = 2544 mm 17,7
V. As +4;
Use First Principles to get M, U.L. 4
1 00—
Fy i B¢ 77
%FZ; * b = A * — L Co L 2
¢ s wo. 75 | Tse-g | [ 70
= (7%) (@) (300) = (2544 ) (775 ‘
2544
oL =221.2mm> 0.1d Ly | =]

MU.L. -£ Fé: ab(d-2)- 2 (19) (221.2) (300) (50-221-2)

= 5656741120 NNmm = 565.7 kN.m
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2 Wy kN\m
3 _ _ Wy (7.0
L4 MU.L. - 565.7 -_— %) A | | | A
| 7.0 !
S Wy = 92.45 kN\m A\/A
'wU(7.o)’2
Q = WsL _3235kN 8
2
qu= Q _ 323.5¢10°_ = 1.437 N\mn 92.45 kN\m
bd 300+750 T —
! 7.0 |
oo 9oy = (0.24) \/ — 1.07 Q = 323.5
- S, = 1000 —
Sg =S¢ = 1200 =142.85 mm S.F.D.
q,- qw_'nA (F\ss) . agy_ 107 _ 4+ A (240/1.15)
2 b Ss 2 (300) (142.85)
‘. As=46.3 mm®
o Ay =Agtr + Ag= Agr+ 46.3 = 78.5 mm”
outer
oo Agpr= 82.2 mnd
X1=220mm, Y,=720 mm
M, S M, 142.85
.-'Ast'r= tu Ot ‘. 322 - tu o ( )
1.7) T, Y, (ﬁ—*') (1.7)(220)(720) (240/1.15)
S
m
‘" M,,, -12667564.6 N.mm = 12.66 kN.m =~
o o mt 1
o Mius 0 ™y | L ?’”L
2 My, T 2
o.o mt —_ 12.66 * 2 =25032 kN.m I 2
° 2 m,
e Mt = 25.32 kKN.m T.M.D. 2
O s o s e o e, Design Beams due to Torsion

Commercial use of these notes is not allowed. (www.yasserelleathy.com ) PageNo. 67



Examople. _0.15

i

F.C. +L.L.=3.5 kN\m'

F - 25 N\mni 4416 0.16 1.40
o 0.8°%76 |[ |L1]|_s#72\m (esterna)

F =360 A’\'I""?f)’n:2 2¢16 |1 6 # 8 \ m: (Internal)
Y | 4416 i

0.4~ 7
1 |

The Figure shows the cross—section dimensions and RFT. of continuos

beam supported on columns spaced 6.0m .The beam has a cantilever

solid slab of 0.76 m thickness. It i8 required to calculate the safety

length of the cantilever slab to satisfy the RFI. & loads shown in Fig.

Wg =1.5(0.16425 + 3.50) = 11.25 kN\m®
parapet weight = 1.4(0.15+1.4 +1.0)+25 = 7.35 kN\m’

0.wW. (beam) = 1.4(0.4 +0.8 +1.0)+25=11.2 EN\m

Strip in the slab. 7.35 kN

11.25 kN\m

R =11.25L+ 7.85| kN , I
2 J\
7.35 L+ 11.25 L 3
2 °

7.85 L + 5.625 I?

777771

W=o0w.+R = 11.2 + (11.25 L+ 7.35)
= 18.65 + 11.25 L

kN\m
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W =0.wW.+R kN\m

| | | | A | | | A | | A | | </

B.M.D.

S.F.D.

M kNm\m

TNTNTNTNTN,. NN TNTNTN._ ONTNTNTNTN. ONTNTNTN S/
) WD Y W M ! ) W W WO W ) W W |

y A A B LAY

- 6.0—'"-—60—1-—60— !

. /
i | < T.M.D.

0.5m, L 0.5m; L

0.5m; L
For Sec. @

2 2
My = % — (1855 +11.25L)%6.0° . IM, _66.78 +40.5 L| kN.m

10

Q =0.6w L= 0.6 (18.55-[- 11.25L)* 6.0 . QU.L.-=66.78 +40.5 L| kN

My=05m:L =05 (7351 +5.625 LF) +6.0

WMy = 22.05L + 16.87 L?| kN.m
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For Bending Moment.

Asl_
< - 2#16

A (From moment ) = 4416 — 2416 = 804 — 402 = 402 mms

Neglect As‘ /
AN — - | =—+— 402 /
/
_a
—-— -_-_750 2 750_-/_;/ _—
db— L
G ~400-
Use First Principles to get M U.L.
é &"’* a*b =As* @
3 c S
£ (%) (@) (400) = (402) (52 > 0L=283mm< 0.1d
M  -0.826 A, E, d - 0.826 (402) (360) (750)

= 89654040 N.mm = 89.65 kN.m

MU.L.= 89.65 kN.m

N=4.0
4916 [T
As, =8 = As = 50.3 mm’
2p16 |} | |4
Asier=912=Astr + A =113 mm® ggg _ | |[6#72\m (Bsternal)

L d | 6 #8\ mi (Internal)
e Ast'r=113-50.3= 62.7 mm’ 2916

|—400—|
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For Shear

25
9ow= (0.24) (75 =098 , Sg=5¢ =%’ =17166.67 mm

v q._ ou_mAs(HNS)
w2 b Ss
2

o G -298 - 4 (50.9) (360\1.15) _ _ q - 1.434 NM\mni

z (400) (166.67)
e q,-Q . 4e.__ @ - 430200 N
“ bd 434 (400) (750) - ¢

~|Q y.1.= 430.2 kKN

For Torsional Momendt.

N

- ga=Ag = 50.3 mn® » Asguier=#12 =Agtr + Ag =113 mm

8 inner

oo Astr —113- 50.8 = 62.7 mm®

L1=820mm, Y;=720mm S_=5S, = %’ =166.67 mm
Mtu Sy
(7.7) Xy Y, (F‘;I\ZSS)

v Agty-

M, 166.67
s 62.7 = tu - ( ) > M, = 46126039 N.omm

(1.7)(820)(720) (360 /1.15)

To get the safety length of the cantilever get the least of L;, Lo, Ls

— M, , 8965 kNm=66.781+405L; —» L;=0.564m

- Q UL = 430.2 kN =66.78 +40.5 Ly —> L2=8.97 m

— My = 46.12 kNm = 220515+ 16.87 5 — 5 L3=1.12 m

“|L=0564 m
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Example.

For The given Figure of structural plan.
It is required to :

Draw B.M.D. , S.F.D. & T.M.D. For the main Girder (G)
Data.

|
!
|
L

= 40 N\mni
cu

ﬁ;= 400 N\mni

b o

F. C. =3.0 kN/mz
LoL. =5.0 kN/mz
ts = 200 mm

o
S

B (300+1000)

-

Main Girder (G)

oo

o
S

-

S

-1\

i
!
|
L

-~
Sec. (1—1) 10.0

i_

e e St

(o)
)
e~ -

Neglect effect of Ledge 5l 4815 Jas)

Design of Ledge is motl required
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Solution.

Ws =1.4(tg8c+ F.C.) +1.6 (L.L.)
Wg =1.4(0.20%25 + 8.0)+ 1.6(5.0) = 19.2 kN\mt

0.W. =1.4(bsteBc) = 1.4(0.341.0425) = 10.5 kN\m
(Beam)
0.W. =1.4(betsBc) = 1.4(0.5+1.7+25) = 29.75 kN\m

(Girder) Neglect effect of Ledge #$iJ| J..esb Jer|

Beam. )
S T e
| |
_ Ls [ |F— B — Tl
W (Beam) = 0. W. + 2 Wsg 2 | I
| |
| |
6.0 6.0 |mmmmmmmmmn n
=10.5 + 2(19.2) il i o
2
= 125.7 kN\m |lem—
i I 6.0
! 1| 2
| |
| |
! I
R
S | T IS .f‘\‘l. _________ all
10.0

W= 125.7 kN\m

10.0
TRb=628.5kN
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Mawn Girder.
-— W (Girder) = 0.W. = 29.75 kN\m

Loads on Girder.

Rp=628.5kn Rp=628.5k8 Rp=628.5kN Rp=628.5kN

\ l’LU= 29.75 Mﬁl - l’LU= 29.75 w\nel N

= S
-8.0—6.0—-8.0--8.0-—6.0——-3.0-
|

| 12.0 12.0 |

XY Ry-628.5k8 Rp-628.5kn

o °@
‘%s) \ lw=29. 75m\m¢ .\ &
-3.0-—6.0———8.0-
| 12.0 |
wL?, Pa®?®, Pba)
Fixed End Moment = + + £ Y\
12 ) A L2
2 2 2
- 29.75» 12 + 628.5+3 + 9 + 628.5+9 + 3 = 1771.12 EN.m
12 122 123
,\‘L Rp-628.5kn  Rp=628.5e8
" =
A lw=29.75m..el Z
N %
A
l-3.0-—6.0——-38.0—-
| 120 R =807 kN

B.M. (at mid. span) = 807 (6.0) — 1771.12 — 29.75+6.0(3.0) — 628.5 (3.0)
= 649.88 kN.m
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1771.12 1771.12 1771.12

649.88 649.88
l3.0-—6.0—-8.0--8.0-—6.0——-38.0-
| 12.0 | 12.0 |

807 yyv.7
S.F.D.
89.2
S 89.21 %
717.7 gov

Torsion on Girder.

M;i= 628.5+0.60 = 337.1 kN.m

337.1 kN 337.1 kN.m 337.1 kN.m 337.1 kN.m

_—

337.1 337.1 387.1
337.1 387.1 387.1
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