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Solved Example 4t alae 4 tisf

Example 1 7 M, =?
Given: As =6 cﬂ 19
b=25cm.
d=60cm. sl (+
fou =350 kg/cm? A
f, =3600 kg/cm®
Required : Ultimate Moment Capacity ?? My As =8419
Solution : e
As =63n/4 (1.9)* =17 cm’ b=25
Myu=Cy. Yer1
0.67 fou
My = b. (d-ar 1
u e ab. ( ) >
Ty =Cy
Asf, 067 fcy b
Ys B Yc a.D.
173600) _ 0.67(350) 25)
1.15 1.5
a=13.616cm .. C = % =17.022¢cm.
Check: '
a/d=13.616/60=0227 > 0.1 OK C=a/08
c/d=17.022/60 = 0.2837 < [%-—-L = 0.44) OK. Table(4-1)EC

Puta=13.6 cmin Eq.1

My= IESY) (13.6) (25) (60— 13.6/2)
1.5
My = 283 tm
Check
fe

1\411,,,,,,(=R,,,.,([_.Yc_bd2 ], Rmax =0.194  table (4-1)E.C.
=0.194 [ (350/1.5) . 25 .607 ]

Mupax =40.74>283tm.  OK.
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Example : 2

Given: M, =16mt
fu = 250 kg/cm’ .
f, = 2400 kg/cm’
b=25cm.

Required: A,,d
Solution:

Assume d=55cm.
0.67 fzu

My= ab.(d-aR
v a.b. ( )
TU =CU
Asfy 067 fcv b
Ys B a.0.
Patd=55cminEq(1)
0.67 (250
16x 10° = (250) (25 (55-a2)a
1.5

a*—110a+ 1146.268657 =0
a=98.3443 cm or

Take a=11.6557 em

by subs. InEq (2)
As (2400) 0.67 (250)
1.15 1.5
Ag =~ 15.6 cm®
Check As 15.6
M = T = W =0.011339

Heax = 8.56 x 10 ~3 x 250 = 0.0214
B < Pormx
Hain=11/f, =0.00458

Maoin <P < fmax  OK
0.25/100 x 25 x 60 =3.75 < Ag OK

a=11.6557 cm

a/d =0.2119 > 0.1 OK

(11.6557)(25)

table (4—1)E.C.

(2)

Y=Y VY-t




Another Solution:

TU = CU
¥s Yc o
Assume p < gy
As=pubd Pimax = 8.56x10-*fcy
Jemax = 0.0214
pdfy _ 067y bein = 11/
Ys e Hein = 0.004983
01
u fy Assume p=0.013
a= ¥s d
0.67 fcy
YC
a=0.242959 d » (1)
My= _ 067fcu’ 5 b (d-a2)
Yc
16 x 10° = 0673250 55y (d-a2)a
1.5
1146.268657= (2d-a).a
From (1)
1146.268657 =(2d-0.242959 d)(0.242959 d)
1146.268657 =0.426889d”
d=51.8=55cm
Check
a=12.6cm ald=023>01 OK.
¢/d = 0.286<0.5 OK
As=pbd

=0.013(25)(51.8)

=16.835 cm®
As =17 cm®

1



D g eaia galed ) plindl o gjal Auh mall Alhicadd) CASLbRY ppaiciz ¥ -0 - ¥
Double Reinforced Section:

o (53—l Ansill (po S Aai 13 (Gl a0 pUalll o Sigall p el 09S GhaY! pan
= Ba ol AgaS AL} Alladl oda 23 13 0 3 ke paladi 13 0 jlicly p Unlll lglaady of 0Say
N o —Sas iy (gl ) 5 o Adailaall ) g Undll 8 Jiadly el opalddl DS 8 A

: Qi (‘;i
AM =M,-M, _
Tu=Asfy/ys P
Co= _¥7fu .y T
Yc e
cd L .
Cs= As\ fy /vs lgi 7 ",}r/
A
Ty=Cuy+Cs — (1) (As,As,a)
My=Cy. Ycr. +Cs Ysr. ——» () (a,dAs)
a=AS\/AS _—’(3) (asAS’AS\)
MU = Mum + AM
My =Rl o bd2 ] + Ag' fy (d-d")
v e Ys
Get Ag'
As = Asmx + A
Where Rmax From > table (4-1) E.C.
ASmax M table (4-1) E.C.
From
Ty = Cc+GCs *
Where :
Ce= 0.67 [ .ab
Y.
Cs = As' 5
s = As 75
TU =As fy
Ys ,
fy 0.67 foy . Y
As Ys B Yc dnax - b+ As ¥s

1y



Hmax =

€
q_i‘ e (ialdll ey e
\
£ —0003(_Ccd_)2 gy Cem
£,= 1, &, =2x10® kg/em’ /
 rE
If not
fy | fs\=85\Es
&
- :h’?lh_,,.‘.n ajﬁ\ﬁ!hﬁn 13 jﬁdﬂ@MM
d\
if—gq— < 02— Mild Steel
d\
—a S 0.15 —p» H.G. Steel 36/52
d\

—g— <01

—>  Steel 40/60

V= — Y-V —Y¥Y—t

Then &' > ey

S < Ocmpressin  ( S= spacing Between stirrups)

. ik siaaddl # LYl zlagl pae Glaual Gllb

v As

W= g S04% —

1

Y—o—=Y—Vy—Y—¢

Min. Compression RF.T 2 10 % tension RFE.T. ——» 2

f—oo - YV Yt

Long term ) J—shall gaall do ma 5B ad 5 e 2adl e 2ol o siaaall Cliall oY

8= 53— Y —\Y— Y —§ 4

If Agis known

Asmax ( for single ) = A, — A’
ASmax

- V=g ) gt
bd

1y

¥ danall aali ¥ ooy e Al a jlas 13 4 Baa) ¢ ( deflection




Example 3
Given :My=40 tm.
b =25cm.
t =65cm. ————p d=60cm
fou =250 kg / cm?
fy = 3600 kg / cm’
Required : Ag, Ag'

Solution :
My=Cy Yer
My = % ab (d—a2)
C
40x10° = % (25) (60 -a/2) a
C

a’ — 120 a + 2865.671642 =0

a=87.098 cm or a=329 cm
a=329 cm——p» C=2a/0.8=41.125 cm

c/d =41.125/60 = 0.68 > Cpex/d  table (4-1) E.C.
Use The Double reinforced Section

Mitows ~Rous (U i) = 0,194 >0 @s)(0)
C
1.5

Muga, =29.1 tm.

AM = My — Mugg, = 40 — 29.1=10.9m.t. ASmax = Horax bd

AM=As _ I (d-ay = 5x 10°% 250 x 25 x 60
Ys

109 x 10° = A¢' 3600

= (60-5) ASmex = 18.75 cm?

Ag' =633 cm®
As = As'+ Aspuy

As=25.08 cm2

Check:

As'/ Ag=25.2 % > 10 % Ok.
p'=As'/bd = 0422 %> 0.4% ( @ia3 ¥ Ja,a oS )

¢



Check

0.003 £’
“Cons “Comd
Croax-d'
gs =0.003 -
= 0.003 26.4-5
—F
g5 =0.00243
) fys 3600/1.15
g, = s =0.00156
2x10
g > g OK
take fs\ = f




Example 4:

Given : My=30tm
fou = 250 kg/em?
fy = 2400 kg/cm’

d=55cm.

b=25cm
Required: As, As'
Solution

- fcu 2
Mumax = Reax ( bd )
Yc
250

= 0.214 ( (25) (55)° )

1.5
Mugex = 26.9729t.m. <My —p A double reinforced section.

For single reinforced section
AM=My-Mup,, =30-26.97=3.027 x 3.027 m.t.
AM=Ag £,  (d-d)

Ys
3.027 x 10° = Ag' 2400/1.15(55-5)

As\ =29 sz

ASmax = pmax bd = 8.56 x 10 x 250 x 25 x 55

ASmax = 29.425 cm’

Ag = ASquy + As'

Ag =32.325 cm’

AsVAs = 8.972 %< 10 %

As /bd =021% < 04%  (O.K)

N




0.003
Crnax = Crax-d
Cras-d’
es' = 0.003
Crux
27.5-5
=0.003
27.5
gs  =0.00245
fy/ 'Ys
& = o -
g > g OK

2400/1.15

2x

10°

=0.00104

1y



—(T)& Jecielhh: ¥ —0 - ¥

—:m

monolithically aaly o 8 leas caraly Ciiadf) U aa Wl 3kl Slelail) pash
ool 3ga gy O 50 S 8 aal 55 A CUSH ey ol o el ¢ daly 6 JaS Daayy
pladll a2 58 Sl i e ol et 3 Oudaioalh  Uail) Jiadd (e 5k (301 sl
5 aSH g Usil ol 5l 6 5ad) e daly paan€ Jamy A3 € o Junay o 2)

= (T ) gtdd Jydas

@383 0l ey e (Ve @, 088 ) (L, T) ool e ISl Jabatll 13 (500
Effective Allaill Gl s Lo yb 3 3i20 JS Galy Jykl) 2ana pUaill i (a6 32 el
— P L BB sS of o 398D aly ¢ B ey 3334 a2 Ll 00 (30 flange

T. Sec. L.Sec.
B=16ts+b B=6ts+b
B=Ly5+b B=Lg10+b
B=CL. to—»CL. B=b+0.5S§,
Where Ls = beam span between the inflection points ARAR i ¥

(Fig6) Ls=  ( paiad 000 ,ahii ) GOANY abki cyy diluaad
Analysis of T — beam (Fig.7)
Case 1:-(N.A)is with (C<tg)

The Section may be analyzed and design as [] Sec. Whose width is the effective
width (B)

C=T » get(a)

If a<ts ———p design as a rectangle section

C<itg » ok
My = As :’; (d—ar2)
As
= > ;.
H Tbd Bmin

1A




S

S2

(v ) JSa

(n) Jss

14




. D.Grt:“ ”‘
N A '-{

As |—

B oﬂum e
;’I = EE— g
NA <=
) +
ASJ — Asf ——T} duf ———T;
Y . X
Part 1 o
() |52




— : 4500 Ulal)
(C>ts)tm‘mc_)l.id‘,ﬁ-“ _)_,;..c.i‘gu‘

o C>t5 ,a<ts D osla g @il can Ly
e C>t5 ,a>1g ot el 6 GliadS g Uil Ja b Cu

PO ga e U liely (T ) glhadl) da &y

- 4
T| = C]
A _ Y —067 feu ts(B-b)
Ys Yc
t
Ass=067 _ U _(B_p) __°
Yc
fy/‘ys
Muir = Asr fv (d-ts/2)
_ fcu
My, =0.67 Yo (B-b)tg(d-tg/2)
_: !.E c!}
Tz = Cz
fy fCU
( As ~ Asr) ¥s =0.67 Yo ba
a = (As—Asr) fy/vs
067 fcu b
yC
£y padl mmayy
My =(As— Asr) ¥s (d-a/2)

e o 20 2 KW 5 5al g

Mu=Mu1 +Mu,

v



Ohlde o hte = cliadl pie ade glilde (1P al) JSS ) agall (T ) gl pana
¥ou [ pas Y0 =il il al¥l agally oY aus fpal ¥U0 o= £ i alga] 33 padieall 2paalf
L SN, |

o 1o = Al Galad o (Banll ) d Aaid ) il S (A, d ) O S Slag i apanail
Lo £ pamnall 3 goall i Ll e SSIN Cany Wy (@) G Olua 3 Lgiey Ailec Taih o4y Mia
el a3 g ill 024 prmaal gy o Lige L b Jolaill ) g S b g Uil
1€ Al Jod ) p Uil dis s (NLA ) O G i Agle g ¢ pualia 2

M, = 0.67£.a.3(d —5}
Ye 2

- 40%10° =0.67@*a*150[60—5]
15 2

40x10° =1005000a - 8375a*
& -120a+4776=0

Sa=4.12cm.
oo i ol e ¥ L) Cay ¢ lan 5 psien dad Led V) a5 B LSty a OB Aadi 8
. . 0.1d
P osS ade s Y e 0.1d 0558 Ol pras 1)
a=0.1d = 6cm
 iana (g jie 98 LS o o JH I3 L oy
o) Alslaa gasnid oS A, dagy
Tu=Cu
A, 5 06772 4B
Y Ye
SA, 3600 0.67@(6) (150)
1.15 1.5
oA, =32.1cm?.

\A



Check of min. and max. Reinforcement:

== ——— = 0.00306
f, 3
4 321
but p= =2 00214
M bd T 25%60
S Y g
- OK.

- (YY)

s b W ¢ Ryl NI (T) (10 ol Jiid ) g lhailly el
£, =3600kg /cm’
£.. =250kg/cm?
assume.a = 14cm

DV aly S ) LS Yy p g sl G dles puday Sy -
C, =0.67 f—"(B -bY,

c

= 0.67%9(25»« 10

= 27916.667kg.cu...oonmne..... )

¢, =067 pa
e

= 0.67%9(25) 14)

=39083.33kg....cc.omevuercremn- )

T, =4, LA 3130.434,........0)
7,

I, =C +C,
».3130.434, = 27916.667 + 39083.33
4, =21.4Cm*,
=t pyjall Aslea paddily,
M, =Ch+C.Y,

M, = c,(d-£]+cz[d—3]
2 2

= 30x10% = 27916.66(d — 5) + 39083.33(d-7) > d =51 cm
Take d =55cm.

vy
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= 1 s patll y Lol Laagaa 3 aaall Ao (e (30T Jac Sy L

4. =—=0,00306
5
p= o 214 601556
bd 25x55
S ) e (O.K)
deral o 23Ul Aspuy =2 Agner GO0 Sy 30l (5 gualll Aadll (o (323l i gllaa Lia
caSlL(4-1)
Type Of steel Crax/d Lo Runax
24/ 35 0.50 8.56 * 10~ £, 0.210
28 / 45 0.48 7.00* 10° £, 0.205
36 /52 0.44 5.00*10° f,, 0.194
40 / 60 0.42 4.31*10° £, 0.87
45/52 0.40 3.65* 107 £, 0.180
Table (4-1)
- f, =3600—2""__ _, Com _ 44
table(4 1) d
wa,, =08C,
= 0.8(0.444)
=0.8*0.44* 55 =19.36cm)1,
R Y
LAy = 057 (B-b)s, /ﬁ = 0.67@(50 —25)x 10,3600
’ ¥, 15 1.15
A, =8.92cm.
o Aspg O 3y Jalsinall g Ll 3 1500 A
As,,, = As— A, =12.48cm’

12.48

cu = A /bd= - 0.0091
Hnes = Ao 25x 35

- dgaad 8 L ol Al g 0day

. phnefloge = 0.0125 = (O.K)
-z (Y d
. Muex JBU a1 2 5ad g ASmar (Sibd) JEly e galt p Uaill
=Sl
i ler A5l 185 Cua ASpermax s iy ASpy Gilial
- gl

ASmax = ASnctmax t Ast

\a




2(Y - 1) dss ey
For single reinforced see x4, =0.0125
2 As,,
Hom =g
(A8, )= 0.0125% 25 55 = 17.19 em?

o AS gy = AS _ + A =17.19+8.92 = 26.11Cm’

Raax (0 MUpax 2295 S92l DA e gl Qi Mupey @ bl

— 1 Jakalianall & Unill
M, =R, Ja pg? = 0.194x 220 25% 557 107 = 24.45 m
e 1.5

: pURY Ahdy aldll ¢ jall dllis

| | L y

i ASf

(F N

E|

{wv) Js&

M., = 4,22 (d-a)
d =%=5cm

M, -8923_699(55 5)*10°° = 13.96 m

Mu, =M, +M,, =24.45+13.96 =38.41 mz

Vv




- ()

—:QLL.I:;M“;_A.ATC..;:_,J&\.HH

f.. =250kg /cm’

f= 3600[1:g/c:uv:2 T
15
assume 1
a{l5cm (a<t) -
T, =C,
] 8919 =17.0lem®
4% —06772 4 i1 N
Ys Ye P NI | NN
l')’.Ol"3600 =0.67@xax60 F » -
1.15 1.5 v
a=17.95cm)0.1d{(15cm 0K ¥ i
P &
M..=A'fy[d—£]=32.5!.m '} "
Y. 2
Note : - 2
tiv) g
a )t :da 4

— : Jaall (g o Jaad i A 0 Cleac) @ i i

Clll '|"C:“2 :];

0.671,4,.B . 2(0.6D(fo)a-1) (1) _ P £, vt a
rc }’c r’

M, =C,(t,+t,+4,/2-4,/2)+C,,(d -1, _a—tl)

VA




:g.,-ét..,gu'g‘gﬁg‘ QT)‘E&HI&LHPA —:(0) Jiia

Design T. Sec. to carry 40 m. t.

Given b=25cm
B=150cm
ts=10cm
fy = 3600 kg/cm’
fou = 250 kg/em?

Solution

Assume d=60cm
Assume ¢ <tg

MU=Cu-th.
My = 0.67 fey Ba(d—a?)
Yc
40x10°=067 220 (150)(60—-a2) (a)
1.5

a’—120a+477.61194=0
a=115.88 or a=4.12 cm
a=4.12 < g

8min=0.1d =6 cm <ty — ok ( Design as a rectangle sec Sec. )

C=a/08 = 7.5 <tg (0K)
0.67 x 250
Cu= _O'E’E’__, aB= x6x150
Yc 1.5
Cy= 100500 kg
TU = CU

£
Ag = 7: = 100500

As =100500 x 1.15/3600

As=32.1042 cm?

tein = 11/fy = 0.003056
p=As/bd=0.0214 > pmw OK.

va




Design of Reinforced Concrete to : 43yl Gilhhialy 4ydu i) CAeUadd) ppauai @ 1 - ¥
Sections by Charts :

Sl y Cila glaall A gaa y Jadl 43y Hlal Tl o Caall (6 pa A0 (puaigal) 3ale A LSy ailally
o sbualf! 138 eliy oty Bashe peall e AELAY) QKA da ) Jgea gl Cangs dpualy i Y alaall
Ay cl_laladiay da g pe DADIe sy 8 Liglale 5 Ligialy agial a8 0] jaaigal) 41 yladd) Q801
- bl et gl it il CileUaill pranad DA (ja (Say Gl akia Gu Charts
:akal) pyldll (63 Jyhaleaall il jid) gLl apanaic Y -1 -

D esign Of Single Reinforced Section

I3 -

= 0 |
asaraill Lalae sladf ADAA (e Sas 53y JyY¥Y Al Taladll Gan (YY < VA A, S S2)
My ) paial dad Glus 5 (d A)

t gaYl Al
Jatll (Say o slma g Uil
A4, = aJ.f—"“b.d —> getw
¥y
Jrom.chart — get(R)
M, = Rf_bd*
OR:
From.chart — get(C,)
d=C, M,
f.b
» Ul Al

For design assume d

M
R=—t 8t (B)

OR :
d
Mll

From chart > get(w)

LA = [a)fﬁb.d}
1

1fw>wmn

C =

— get (C))

increase d

A



OR : assume . @ < &,
fromcharts — get(R.Or.C,)

M
R= 7 b:f - get(d)

OR :

M
d=C ¥ 5 ge(d).
N get(d)

(=4

— : Ly by -

.waw&wuﬁgﬂimeqawM%(*Y ¢ 14 ‘.i_)(_ﬁﬁ)
: alaady il o jal a3 Caglhally dies o dagls g e p Ul 2 Y Allal

d=C ‘;:b — get(C)) —»3

. € 2 min0.128
Check : E << max-siable(4-1)

then.get(J > M,).

:M_,A;,\Lﬁayﬂu,lhdqulc _)Syll PJ"“ UJﬂfm:@m‘M

For design :
assume :C, = (3-4) > get d

get C, actual after modif y (d) from.chart — get% — get (J)
M,

.,ny

AN



0.814

C.
1 |
4.29
! R
ke % |
Pos
200

Hiy

(v} J5s

AY



-

- Ay by -
praaill lec pladl Liad ADIS (ho (Sag (305 SN 3all Jadaiiall o (YY ¢ Yo gy JS3)
: alaady 3 el Aad 3pat csllaally dlae y Aaglds iy yna g Ui 11 Al

For known.sec tion

A,
=— — get
H bd gel u

Calculate.uf,
From.chart - (R)

M, = Rbd>.

assume d
R M.
bd?
Sfrom.chart - u f,
check :
uf, < pton-f, > (0.K)
Wif, > g -f, —> (increase the depth)

i aenili
. Al Clhabiall aladiudy clelUalll apaas
d(YYJSS ) il maldll 3 Aldalinall e Uadl) -
I — Single Reinforced Section Using Charts 1, 2 ( design Aids )

Chart No(1)(R-W)and ( C, - W) Curve

1 — Calculate R = M, Jfrom curve - get ®

feubd?
d=C, ‘—M"
feuh

Calculate : C, then get (®)

(Or):

AY



2-As=W£“4bd.

4

3 - Check: 4, (4,(4,

Y JOR2 BRI LU W S

=t Al LS Uad s 2 A, A il

M= fou—f—b-d.
GetRusingEq. R= f‘;'d - g‘:(W).
1
= Wbd =
A, 7,

Check A4, ., (4,{4, .. —> table(4~1). EC.

given: M, =20mt b=25cm d=60cm f, =250 kg/em’
f, = 3600 kg/cm’ .
Reg: A.

Solution : -

B M 20x10°
f.bd? 250x25x 607
Jrom: R=0.089—="54 =0.116

4, = abd 2 = 0.116x25 % 60x 20
3600

4

= 0.089

=12.08.cm’

um(sﬁ 16)

Chkeck: -

Haw =5x107° £ =0.0125 (table:4-1) EC

" Hoia S by > (0.K).

At



-If A, and d are unknown: -

Solution: -
1 - Asaime C1 =3 — 4 for rectangle sec.
Cy=4-55T - Sec.

2 —calculate d = C, M., getd a0 Y Gl
cwb

c golo
curve

get(@).

3 - Calculated, = (co)?—“bd.

¥y

Given M, =20m.t,b=25cm, £, =250 kg /cm’, f,= 3600 kg / cm® .
Req (Aq,d).

Solution: -
Assume C;
5
d=C f20x10 = 59cm.
250x 25
Take = d 60cm
C = diJM,| foo b =——— =3354.
20x10’
250x25
JoowC, =3354——"W =0.116.
- A, =12.08cm?.
CheCk Aq iy (A ( Ay
-Chartno. (2) (C;—J) Curve:- (YY i JK)
1 —Culculate : C, Where : d = C, 7"
owd

2-From C,2%% get Cld,J.
Curve

3~ Check.C/d)0.125,C/ d{(C/d),
4-If :C/d(0.125TakeC/d = 0.125 - J = 0.826.
5-If :C/d)C/d), - Increase the depth (d).

( OR ) : Use double reinforced section.

6 —Calculate.A,.
Where : A, = M, .
f,Jd

Ao
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Note:

No need to check that Agnin < A; < Asmax -
cC C

If :0.125(—(—==

If (d( y

Given M, = 20 m.t , fo, = 250 kg/em? , £, = 3600 kg/cm’ , b= 25cm
d=60cm.

Req (A,).

Solution: -

d=C, ﬂi‘— —C, =3.354.
fcxb

fromC, = 3.354—“"’—>§ =0.285,7 = 0.772.
Check :

C.C
0.125( (=== = 0.44 = (0.X) = table(4 ~EC.P.

M 20x10°
A =—= =12cm.
f,-jd ~ 3600x0.772x 60
(Use : 6ﬁ 16).
Given:
M,=20m.t.
b=25cm.
d=60cm.
f, = 3600 kg/cm’ .
fa= 250 kg/cm® .
Req. A, - and check the min. and max. limits - then check Mumax -
Solution: -
M, 20x10°

= 0.089.

T fbdt 250x25x 60°
Jrom:R-W —Chart > W =0.116.
W.fobd 0.116x250x25% 60

f, 3600

Choose : 4, =6¢{16 —>12.06 cm’.

4, = =12.08 cm’.

A4



Check limits of steel

] — Minimum Reinforcement: -

4, 12.08
Hra = 0 d = 25%60

= 0.807%.

e =2 1L 0.00306 = 0.306%.
£, 3600

Hoin = the smallest of 134, =1.3x0.807 =1.049 = 1.05%
Sy, = 0.306%.

qu > Hein (OK)
2 — Maximum Reinforcement: -
Fromtable (4 - 1)E.C.P

Ho =50x107 1,
=5x107%x 250 =1.25%.
Hrg < Huge = (OK).

- To Check M, max -
M, oo = R fubd? 17,
R, =0.194 from table (4-1) EC.P

M, =29.1m1.

Mu applied < Mu max (OK)




_:[g)n’!!

0.67f cu/us
'7" o - ) C
c J(a,\Z
d A
CYc.t
As
_7L —'T _7L
- For the above section if: -
M,=35m.t. fou = 300 kg/cm® .
b=25cm. f, = 3600 kg/cm’ .
t=80cm.
Calculate A,.
Solution: -
Using chart No.( 1) design Aids:
t=80->d="75cm.
b
R=Me__ 310 485,
f.bd’ 300x25x75
ie(w)=0.102.
L 300

A =Wbd=2 =0.102x25x 75.—— =15.94cm*
J, 3600

ry
- s«ﬁle =16.08cm’.
A

3

bd 75*25
least 11/ f, = 0.305

1.3 4, =1.105
£0.15% — HGS.
$025 5> MS.

Accordingtotable (4 1) : -
oo =5%107° £, =1.5%)uu = (0.K).

a9



Sol. by (Chart No 2 ) design Aids : -

M,
Job

5
~75=C ‘/M 5 C =347,
300x 25

From:Ch2 — s =0.15,J = 0.816.

d=C,

M, 35%10°

T f,d  3600x0.81x75
Check u (as before ).

=16 cm® — Take scﬁm

Sol. by (Chart No 3) design Aids: -

b
_ M, _ 35x10 — 24.88.
bd® 25x75°
FromCh3:— pu.f, =309.
U= 30.9 x 100 = 0.858%.
3600
_0.858

A, =—"""x25x75=16cm* - 8<ﬁ16.
100
Chech u( as before) .

ay
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Design of double reinforced Section using Charts.

(9 ¢AYaLs ) Gllbad)cleladll e p oill 138 ppaal 8 il Slabaacdl pladiud (Say
1

'°-°5'¢'-==dg Gaf led ity (£ ) apall g gumill alea Aaf A L calis 3

i 3 el g o Jala Cam e} Vo hans (e il il Jglan gy 5 3

. |
ST SN IR AR r\i_}‘d}hﬂb)élﬁﬂ‘@ﬁ‘&“d}l.\ﬂ‘“_Ln:_,O] « 0.05 = %—

- ( Design Aids ) . ( <l
I g aild 0 W ggalaadl Ay sy pralul A g3 el e Uil ppanad Alla & 4s il B WS
Mumar 0 Rax sy s a Fiasl gy ¢ Tainall s ana oasial 10 olia of ga Y

i laaal glhill a

Mu = RemSadd® .
- Y

Mu__ (M, <s\S 13
Liibaie 3 AL a) ana) Zalay Wl i @lld 6 Slad pUadl e agapall el 0 M,
M

R=—"v_,
F_bd®

(PeAevY ) Sl il 355k o o (Sa o = Jaiuall ana 4ol g jlasly,

.y



Lala (ot 2l il y 38 ( php Roy ) O 00 Gl ok 05 Jad Gk sl (Sayy
=1 G il p Lol oSy 4o g () - £) gl
(1)Fromtable (4—1)get Roax .
( 2) Calculate Mugmx for ﬁc Section Where :
Mu_ =R .f,bd/y..
(3)1fMpux <M, .. Use Compression reinforcement.

M,

4 ) Calculate R = :
( 4) Calculate Fbd®

(5)From d”/d., F,Choose the Curve (ortable 1,2).

(6)Take oc=0.1->0.4.. ( Y£ JS2)

(1) From R;c ST

p W).

Je
8) A, =Wbd I, R
(8) V;

’ A

=0.4
o=0.3
=0.2
------ - A=0.1

A=0

dy/d=0.05 only

— - = - — — oy —

>
w

(re) J5s

q¢




Given M, =35m.t,b=25cm ,d =60 cm, f, = 250 kg/cm’
f, = 3600 kg/cm®.

Req. (get A;) .
S NS -
36 Table
1) for Steel —. =0.194.
(1) for Steel &5 a1y o
(2) Mu,_ = Rm.bd’f—“' = 0.194(25X60)* 2%’ =29.1 mz.

c

(3)M, . (M,.. UseComp.teel

(4)Ford = Scm.% = 0.1,Take :c= 0.4,

MH

2

=0.156.

(5)R=

1
(6)From R o= 0.4,"7= 0.1 = (w) = 0.205 .

(1) 4, = wbdi_—“' = 21.35cm.

y

A7 =044, =8.54cm?.

40
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- Single reinforced T — section: -

: ‘,{gﬁl PN

ca (.t 05 Ade 5 g Uaill il Jalo ( Dlall ) Jsadd e oy of

o C, =28 a g 0451, aB
y.=15

A= A,Q =087 4, 1,
7s

M, =0874,.f(d-al2).

Note: -

B = smallestof — 16t, +b.

= L,/5+b,
— CL10.CL.of .adjacent siab.

Where L, =L : for simple span .
= 0.7L : for contin .span .

~.C, =045/, 1B
T,=087.1,4,
Yep=d-t,2.
M, =045f B t(d—t,/12).

LB G m S)y Skiens o il ¢ Unil pansy 13)

B g.-vs)bu
T 72270, B
d
\, As
§ T P4 S
= o AWl Ml
ca>t gsSiale s plaill did g s Dl s ady o
(web ) I dilaia b il (s jaall 6l 35S0 Jags Lia
B peam
AN E
. . . S
— e T

Ye.t=d—a/2

a1




Given: B=120cm
ts=8cm
M, =20m. I
b=25cm.
B =120cm.
f,=8cm.
S =250Kg /cm’.
S, = 3600Kg /cm®.
Reqg: A,.d. kzs::ml\

Solution: -

Solution: - J

%
Using (Cy,J- %.Curve. )

Assuan.=4wetakeitﬂom(4—5).

4.29
d=C M, L
\ /B
d=4 M =32.7cm,
U250x120

~.d=35m—C,. ]
" C =d/ M, JuB =429 - J = 0814 — % ~0.16.

0.814

c\d

c C C.
Note :0.44 =| == (— =0.16) —== (= (.125.
o [ d ]<d )[ d ]

% =016 >..C=0.16d = 0.16x35 = 5.6cm.

~a=08C=08%*56=4.48cm (t, > (.. Casel).
~. lerSec .. use.the. Same.Chart.
L. M, 20x10°

A= f,Jd "~ 0.814x35%3600

=19.5 cm?

iy



Given the same above section with : .

M,=40m .t
d=35cm. G

Req: A,.

C= d/,/M_ !/ f.B =13.03.

JromChart — J =0.771,

< - 0.36)CT"" =0.125 (%: 0.44. 3.03

5a=08C=08"0.36"35=10.08cm> 1.5

0.771

. Case (2).

c\d

.(web)qi(comp)Ja}dﬂ}e&&ﬂmcﬁcﬂ‘b&ﬂ)yﬂ

M.=T..y,.=A,£(d ’)—40 10° = 3 (35- i ).
' Vs l. 2
A, =41.2cm?.
120 em

]

////////////////// a2

d—ts\2

SA




Ifd = 70cm . Calculate A, .
C =d/yM,/!f,B=06.06.

- (Chart ) (35 g Lea ST Ao aui 4 5-

Take(%—] =0.125 » J = 0.826.

a=0.8%0.125*70 = 7.0cm. < 1,.

.. Rectangle Section

4, =2
T Jdf

y

=19.2cm>.

If d=90cm . Calculate A,

C,=d/ M,/ f,B =779

Use%/m =0.125 = J = 0.826.
a=0.8x0.125%x90=9.0cm>T,.

- (web ) 8 (comp ) N s ja Jar) ae g lhaill dil o Hls ads Joladl) ) yaa 13

Mn = T:l'},(:l =As£(d—t_s]
' Y 2

40x10° = A,[ﬂ}{d-&]
s 2

40x10° =A,M[9o_§]
1.15 2

A, =149 cm’.

14
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The plan shown in shows the system of a roof ( no wall loads are to be considered ) . The slab
thickness is 10 cm, flooring = 150 kg/m” and live load = 200 kg/m’, beams dimension are as

shown in the plan.

It is required to: -
a — Draw the load distribution on the shown plan .

b—For BeamB] : -
1 — Calculate the equivalent factorized loads .

2 — Draw B.M. diagram .
3 — Design the section at the midspan using Aids .
4 — Design the section at the support using first principles.
( Fcu = 250 kg/cm® & Fy = 3600 kg/cm’ )
5 - Draw in a suitable scale full reinforcement detailing of

the simple beam B1 .
Solution

Loads
ow
= —4 flooring

gs =
Slab load
Ps = 200 kg/m’ ( given)

i.eow=tsxy
=0.1x2.5

flooring = 0.15 ( given )
gs = 0.25+0.15 =0.4 /m’

ie 2 04tm° |
P, 0.2 m* |
- \ghesiia (6 S je Jaa Gy By S5 By ol Cua By Jas of Yl sy By Jal
B; 25x60 ( given)
L 4

2X 2x1.25

=16 i.e #=0688

B dusb e el Jlal e 4laa o o] iad Reaction e i ) Cua




i s =10cm

4
- — 25%60 B
%' Bp 25X60
Q2
4' 25)(90 ~
— 4 _'i1.2;|
4 1.2
Dy
1 N
NI .
_"' 1 l l -
1 47‘-¢1.é

Load Distribution

IR

1.2

1.25
1.25

4 ~ 4.22t
Bg
2.205 t/m
Fu sh=21f t/m IR G

4 AT




Labenr = 0.W + slab load
=25%025*06+2(g.B.x)
=25%*025*06+2(04x0688x1.25)

=1.063t/m
abo
Poear = 2 (0.2x0.688 x 1.25)
=(0.344 t/m'
,‘ Bad .! »
Py <0.75 gay
Ultimate factored load = 1.5 (ga + Py ) codeitem (3 ~2-~1-1).
=1.5(0.344 + 1.063 )
=211 t/m' .
Wuss =2.11 t/m'
rR- _WxL _ 211x4
B B -
=422 ton
ﬁ)l'B]
Load for bending
8

—»Wy
Py

0. w=025x0.6x25=0.375 t/m’

go = +
< : Skbload =  12%04.4 209 (2.5)5 (1.25) (0-4)

ZArea

— 32l (3 (S) g Salimad 3actal Budid Sy Y 4 L LaY




gy=0375+04[1.2+2 (2.5x1.2572 )]
5

=1.105 t/m'
*® *
p =o.2[1.2+ 2%2.5 1.25/2]
5
=0.365 t/m'
P, <0.75 gy u‘ LN

ie. Wy=15(gp + Py)
=1.5(1.105 +0.365)
=2.205 t/m'

R fromB,=2.11(4/2)=422t.

PL wL?
r"inux+ve= - _ +
4 8
4.22x5 2.205 x 5°
= — +
4 R

=12.166 tm

also:

2
Max-ve= —7— =(2205x5%)/24=2.3 m.t.




Design of section of Mid Span
T - Sec .
16ts+b=16x10+25=185Cm
B L/5+b=500/5+25=125Cm
CL —35CL=120+200=320Cm
B=125Cm

Use Chart N2 —» (C-Jchart)

d=C, My
fc-u B
55=0C, 12.166 x 10° C,=8.814
250 x 123
c/d<(c/d)min take c/d = (c/d)min =0.125

C=0.125x55=6.875Cm

a=08C=55Cm<ts
tLLill m‘lilatigd,aa.“ Jaa O

J=0.826  c/d min— b kaliall daill LA,

M 2
As= U = 7.44 Cm
ftyTd
11 44
ASmin = Smallest of fy
1.3 Areq

11
= (25)(55) = 4.2 cm?
Asmin = 22002 %) cm

As = 7.44 > Aspi, Ok.

Use 4§ 16 (As=8.04Cm’)

Or 3cﬁ 18 ( As=7.63 Cm?)




Design of Section at the Support Rectangle Section:

My = 2.3 mt.
My = 0‘677% a.b(d-a?2)
0.67 x 250
2.3x10° = X x25xa(55—a/2)
1.5

2.14 x 105 = 153541.67 a— 1395.83 a>

a?—110a+164.77=0

a=(110+ V(110)2»4x153.3 )/ @2x1)
=1.52<0.14d
takea=0.1d=5.5Cm

= & -
My=As o (d-a2)

S fy _
2.3x10° = Aq —— (55-5.5/2)
As= 1.4 sz
~ ™
11 2
bd =42 cm
fY
ASmin = < >
1.3 Areq=13x13 = 1.7
-
-~

and also As £ 0.15/100b.d

£2.06 Cm*

Ag=2.06 cm=2<§ 12

Sl Lagdl




The moment of resistance

The Section at midspan:

My = 12.166 m.t

ASpeq = 7.44 cm?®

AS chosen = 8.04 Cm® (4 ¢ 16)

Mk = Mo xAsd.om=ﬂx8.04=l3.l47mt.
ASreq 7.44

M (1916 ) =Myg /4 =3.28 m.t.
The section at support
My =23 mt
ASpeq = 2.06 cm®
AS chosen = 2.26 cm® (2¢12)
My

MUR= As,eq

A&ho;cn = 2.52 mt.
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g, =0.75 | L=
Ye
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dn 29 20.5q,,

Hepin = 4/fy

Do e 3.5bs
0.87f.

c ZJL;qs
0.5q.>q>0.0

. ASmin = 0.15% ( mild steel ) .
=0.1% ( H.G. steel ) .

ey ¥ ol b iy LS ¢ 5§6/mT e S A o pail pald Jiy Y o 35S0 da iy,

ffcu

= 2.2 — - - <

o o Ye Oa S e alga) dadl J 52l (e Jlay g Unil
OR :30kg/cm’.

dadi Janall @'J‘-m‘u-g-\ihauaiﬂqs Over reinforced sec . ¢ Uail) maay ¥ Ja &l
a3 padlt apa Jyeay IS Lehaglial (5 guaill dagdlll M Daiicall dals 3 Dilia 40 Jgeay
A i ye el sa g lgasigiy baiuall ddhia 8 il i) el Hlgd Gy Lea g sl
() ke
2 Yl 8 L] Gl pld anal caglhaa (YY) JSAIL o gt Al 5 8
e £ )5 5a80 e - N
(e YO )3 SN e - ¥
(e VY Yo SN yae - Y

S = 250kg/cm?, f, = 2800kg/cm’. : ol e

Case(1):-

d=60-5=55cm
0 =7.5(5/2)-7.5(0.25/2+0.55/2) = 15.75 1

Q0 1575x10° . /e 2
=2 2% g i6kelem’ .a < wher =8.75. 1= =968 ke /
R glem” . q <q, € (9 ;. g/cm

AR



 oall aa (e Y1 aall puda gy LA g Laai Dl jidl (§ 5l 00 Alead (Say il 1)

A, =0 upe s O 0 0020212 2. (s{6/m")
100 100
Check pi, =~ = —2_—0.0014,-. 4, = 0.0014*b*s = 0.0014*40* 20 = 1.14cm’.
f, 2800

g 9 An s I3 peh 5l S Ssd Sayade g 240 (Y gy € cullay 0 sSH o LaaY
~A4,=0503*4 =201 cm® >1.14cm* > .. O.K
e b e[ Ve B 0 S gy Al qui i lnal (Say
A, =0.785*2 =1.57 > 1.14cm* .. 0K

Case(2): [ rr) s
- 3
=%:%=1145 kg /cm?
(4., =9.68)
Qs = Aad oyl Cuay QIS ) oy g Uaili 44le
:JM’U‘J
0.68

g, =9-4,/2=1145 ——'3—=6.6lkglcm2

assume : S = 20.

4L #2800

Jorce Vs ) T 1.15

gy = —=—"L 5. 661l= ——2
Area b*s 25%20

s A, =136 cm’.

Use 5 tj'lO/m' two branches A, choosen = 1.57 cm>.




Case(3): (1) Jd

103
Q@ 137510 23.86kg /cm’.
bd 12*55
c.g>>q.,(23.86 > 9.68)

but:q <gq,.. —> where q, _ =22 J—?—S?O = 28.4kg/ cm?.
¢ Qumax OF q Aaf 25 O Gaind Gay Cua

2 gy = ol Lod o J5 SIS ) p LUkl gling 1

9,=9 —% =23.86 -2'225 =19.02kg /cm’.

g, =19.02kg /cm?. Ak e Sk Lgiaglie (84 Aail 02a
:;:aéa.‘(./Ago«;aUlSH:Yj
i

g, = A,~—bus
Ys

]06,[2800

=—“5—] ~10.55kg / cm?.
1220

i) LIS : Lt
g, =19.02 -10.55 = 8.47kg / cm*(additional stirrups).
=8.47kg/cm’.
vay=a,bs
7s
S = clilun A g IS pladid (Say Ca
| o6 +] 2800
1.15
12x S
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Example:
For the beams given in the figure: -
It is required to: -

1 — Draw the absolute bending moment diagrams.

2 — Draw the shearing force diagrams.

3 — Design the critical sections.

4 — Check shear stresses and calculate the required shear reinforcement, if any .

5 — Draw the beams to a convenient scale showing all concrete dimensions and
reinforcement details in elevation and cross section.

P,=0.70t/m
Gp =250t/
a a
6.60
x *
Load for Bending

Solution: :
Figure shows the equivalent loads for bending moments and for shearing forces acting on the
simple beam.

Data: -

e Concrete characteristic strength = 250 kg / cm” .
e Steel yield stress = 2800 kg / cm? .

Solution:

For simple beams :
dzL/14

table (4-10) ECP
d=50cm

Effective Span : - let col dimension25 * 25an ../, =6.60—0.25 = 6.35m.
L.~ smallest of :

distance C.Lto C.L=6.60 m.

clear span +d =6.35+0.50=6.85m.
1.05*clearspan =1.05*6.35=6.67m.
" Ly =6.60m. (6-3-1-2) ECP

'Y,



Straining Action:

Wy =1.4%2.541.6x0.7 = 4.62¢/ m.
w, =1.4x2.2+1.6x0.56 =3.98:/m.
M, ooy = 4.62x(6.6) /8= 25.16m.
M, ., =4.62x(6.6) /24 =8.40mr.
0, =3.98(6.6/2) =13.13 1.

Design of Section:

Section (1):- T- sec ( at mid span ) :
By = smallest of:

e 16ts+b=16*10+25=185cm.
e L/5+b=660/5+25=157Tcm.

e C.L.to C.L of slab= 400cm ( From plan arrangement ) ( 6-3-1-9) E.C.P
S B=157cm.

Using C; — J curve ( curve 2 — page 4 ) — Design Aids

5
55=C, *M
250x157
~C =687

The point is outside the curve .. ¢/d <(c/d)_,,.

.. Take ¢/d = ( ¢/d )ypin = 0.125

so¢=0125*50=6.25cm.

., a=80%c=08*625=5cm<ts,

- J =0.828.

As =M,/(f,.j.d)=25.16*10°/ ( 2800*0.828*55)=19.73 cm’ .

( AS)min = the smaller of :

Exbxd = L X 25x 55 = 5.40cm’.
2800

y
1.3 As(required) = 1.3x19.73 = 25.65cm’
o (A85), =54 cm’.

0.25 0.25

——xbxd= x25x55 = 3.438 cm>.
100 100

AR




<. (A$), = 5.40cn’ < (A5 repirea(OK)

o =1.75%.

Since.a_, >1,
A, =B-0)0,(f., 1y )L, r,) =90.4cm’
Apey = 4, — Ay = —ve(0O.K)

Choose..A, = (7419) =19.90cm’.

Section (2):- Rect — sec ( at support ) :

b=25cm.

Using C; ~ J curve ( Curve 2— Design Aids )

d=c, | Me.
\V/.B
5
55=C1 8.40x10 '
v 250x25
-~ C, =4.743
~elfd =0.130.
o0 =0.826.
5
As M, ___ 840x10 = 6.604 cm’.

" f,Jd  2800x0.826x55

{ AS)min = the smaller of :
W bxd =1 «25x55 = 5.40cm?.
7, 2300
1.34s(required) = 1.3 x 6.604 = 8.585cm’.

(As)p, = 5.40cm’.

025 bxd = 2224 25x55 = 3.438cm? < (4s)
100 100
2 (A8) = 5.40cm’ < A3) requirea {O.K).
Mo =1.75%
< 0K).
_As_ 6604 oo Hop, (OK)

K= 5d = 25x55
Choose {As) = (31’1 9) = 8.51 cm?.

\YY



Ultimate moment of resistance: -

ur = Mll ’ ﬁm'
ASpepyired
Section (1) : my) =25.16%19.9/19.73=2538 mt .
Section (2) : My = 8.40 * 8.51/6.60=10.83 mt .

Development Length: -

L =lapnis,1vy47]
v, =115y =15.

/.. =0.87 /f—“* = 0.871/315—: =10.66kg /cm’.
7z -

Mrorom = 1.0 Ny = 1.4(ford > 30cm).

For Tension : -
a=0.75 ( with Hook)

B =100 { Smooth Bars)

Ly sanom = [0.751.01.0(2800/1.15)/(4*10.66)] :{= 43 cj’

Liopy = [0.75%1.0*1.4 % (2800/1.15)/(4*10.66)] cj'= 60 g’

Using the same equation ( 4 — 56 ) for :
a=1.00 ( with Hook)

£ =070 ( Smooth Bars)

Lugsosom =[1.0*0.7*1.0(2800/1.15)/(4*10.66)] = 40 {.

Lyopy =[1.0*0.7*1.4%(2800/1.15)/(4 *10.66)] = 56 .

(4-2-5-1)

(eqn 4-56)

(eqn 4-37)

( Table 4-7)

( Table 4-8 )

( Table 4-7)

( Table 4-8 )
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Or we can directly use the coefficients from table (49 ):

For Tension: L sonomy = 40‘{: Loy = 564

For Compression: L s sosiomy = 354 +Lagopy = 494 .

Check of shear : - (4-2-2-1)
For the case of uniform load , the critical section is at d/2 from the support
(6-3-1-7)
Assume half the width of the support = 0.125m.
Qurmax = Qu— Wa (d/2 +0.125)
=13.13-3.98(0.552+0.125)=11.54 ¢
e B
' bd (eqn4-13)
=11.54x10°/(25x55) =8.4 kg/cm’.
q. =0.75 Ja
Ve (eqn 4-18)
= 0.75“-@ =9.68kg/cm’.
1.5
Qu<Qc
", use min Stirrups .
Astnin=(4/1,).bs (eqn 4-28 )
Where s < ( Smaller of d/2 and 20 cm)) (4-2-2-1-6- 4)
-8 =20cm
Ag min= 4%25*20/2800 = 0.72 cm’ . ( for the two branches )

\Y¢




Ag min = 0.36 cm’ ( for one branch )

Use stirrups 5 tj' 8/m

Check of curtailment for Bottom steel: (4-2-5-3-b-2 )
( Case of straight Bars only )

At the cutoff zones , the Egyptian code requires further checking of the spacing ( s ) between
stirrups as follows : -

S <d/8 B
Where:
B = Aol A = 3§19)/(7419) =317

55
83/7)

s =<

=16cm. fake s = 10 cm

L _37bs_37x25x10

e = = = 0.38cm’.
=y, 2800/1.15

Use stirrups nj‘ 8 / 10 cm through a distance of 0.75 d ( =40 cm ) starting from the end of
curtailed bars in the direction of maximum bending moment ( through the curtailed bars ) .

‘e
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Case of Benl Bars
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developement lenght and simple beam reinforcement details :
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