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CHAPTER 2

Design of Beams
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Solved Example 4—{alse £__tisf

Example 1 d
- Mu___o
Given: Ag =6 cﬂ 19
b=25cm.
d=60cm. s|| (+
fou = 350 kg/cm’ A
f, =3600 kg/cm’
Required : Ultimate Moment Capacity ?? My Ay <8419
Solution : P
As=63n/4 (1.9)* = 17 cm® b=25
My=Cy. Ycr.
0.67 feu
My = b.(d—a?2 1
u — a.b. ( ) >
Ty = CU
Asf, 067 fcy X
Ys g Yc a.b.
17(3600) _ 0.67(350) 25)
1.15 1.5
a=13.616cm .. C = 0—"§ =17.022¢m.
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ad=13.616/60=0227 > 01 OK C=a/08
c/d=17.022/ 60 = 0.2837 < [%1 - 0.44] OK Table(4—1)EC
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or 2D (13009 @- 16
1.5
My = 283 t m.
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=0.194 [ (350/1.5) . 25 .60% ]

Mumex =40.74>283tm. OK.

o g aill gy 3o 53 Y Mumar, of 232
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Example : 2

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

Required: A,,d
Solution:

Assume d=55cm
0.67 fey

My= _TC_.a.b.(d-—afZ) >
Ty =Cu
A_sfy _ 0.67&U
% = ab. > (2)
Putd=55cminEq(1)
0.67 (250
16x10°= (250) (25)(55-a2)a
1.5

a’—110a+ 1146.268657 =0

a=98.3443 cm or a=11.6557 cm
Take a=11.6557 cm a/d=0.2119 > 0.1 OK
by subs. In Eq (2)
0.67 (250
A(2400) @0 116557 (25)
1.15 15
Ag = 15.6 cm®
Check
As 15.6
T4 = T = m =0.011339

Howx=8.56 x 10 "5x 250 =0.0214  table (4—1)E.C.
M < Bmax

Hain=11/f, =0.00458

Hamin <1 < Hmex  OK

0.25/100 x 25 x 60 =3.75 < As OK
Rl el Wl Sl TS




Anotker Solution:

TU = CU
Asf, _  067fwy ab
Ys Yc
Assume L < Jimgx
As=pubd Himax = 8.56x10-fcy
Jmax = 0.0214
pbdfy _ 0.67 fcu a.b. Pmin = 114y
Ts Yc Bin = 0.004983
.01
u fy Assume p=0.013
a= ¥s d
0.67 foy
?C
a=0.242959 d > (1)
My= _ 067fu 4 b (d-a2)
Yc
16 x 10° = 0673250 25y (d-a2)a
1.5
1146.268657= (2d-a).a
From (1)
1146.268657 =(2d-0.242959 d)(0.242959 d)
1146.268657 =0.426889d2
d=518=55cm
Check
a=12.6cm . a/d=023>0.1 OK.
c¢/d =0.286<0.5 OK
As=pbd

=0.013(25)(51.8)

= 16.835 cm?
Ag~17 cm?

1



g eaia gl ) pliadl o el A pall Ahliaad) Clelbll paaiz ¥ -0 - ¥
Double Reinforced Section:

o (53—l Al (pa Sl A 13 Sl il p Uil o il ol 05K QYA pans
=53 e ald 4aS dilo) Al sda A o35 130 ¢ 3 he el 13 0 ey £ Ul ledaady of oS
e Sy iy (g laill 38 o ddailaall ) pUadll 8 i)y Ulall opfaalill S 3 A

- olal o g5all (358 daylia pobidll e ALY ¢ Jal)

: Qi Q;i
AM =M,-M,
TU = AS fy / YS s
cy= 07w Ly o
Yc :‘-\ -
' S
iy i e
Ty=Cu+GCs —— (1) (As,As,a)
My=Cy. Yer.+Cs Ysr. —  » @ (a,dA¢)
a=As'/ As ———>» (3)  (a,As,As)
My = Mimax + AM
U
MU =Rmnx[ Yc bd2]+AS (d d\)
Get As'
As = ASmax + AS\
Where Rpux From ; table (4-1) E.C.
smx _Calculatg,  table (4-1) E.C.
_ From
Ty = Cc+ Cs *
Where :
Com 067 foab
Y.
Cs = Ag' a
s = Ag ¥s
Tu = As fy
Ys "
fy 0.67 foy . Y
As Ys B Yc Bnax - b+ As ¥s

Y




E\
\
£ —0003(_Ccd—)2 gy Cn
— j; ‘E.l _ 6 2 /
£,= =2x 10° kg/cm
Y. E,
If not
fy — fs\=Es\Es
YS
— 7 AW Jag plll b 1Y) Ja V3 A e (Bhad e enladll (Sayy
4

ifT— < 02— Mild Steel
\

—d < 0.15 —» H.G. Steel 36/52

d\

V= — Y=V — Y — ¢
—  Steel 40/60

Then &s' = &y

S < gmmmssim ( S= Spaf-iﬂg Between Stirl'upS)

. b graaall # L) 7 lag) pae Glaual Gl

Yoa—Y—y—Y -t

) As'

= B

H —pg— S04% 1 E—a— Y~V — Y —
Min. Compression RF.T = 10 % tension RF.T. ——» 2

Long term ) Jgshall (g2 all (o do b 51 2 55 e 22l e seluy da geiaalt caliall o

S daall aabi ¥ o) sl tas 1Y 4l JaaS) ¢ ( deflection
e—a3—¥Y—\Vv—Y¥Y—t 1

If Agis known

ASspuy (for single ) = A; — As’

ASmax
Hmax =

V=t o
bd

iy




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

Solution :
My=Cu Yer
My = ﬂ ab. (d—a2)
C
40x10° = L‘?&L (25) (60—a2) a
C

a’ — 120 a + 2865.671642 =0

a=87.098 cm or a=329 cm
a=32.9 cm——p» C=a/0.8=41.125 cm

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

Mumax = R ( ffu bd? )= 0.194 250 (25) (60)%)
C
1.5

Mugg, =29.1 tm.

AM=My—Mup=40-29.1=10.9m.t. ASmax = Lmax bd

AM=As _ B (a-q) =5 x10°x250 x 25 x 60
Ys

10.9 x 10° = A 3600

T (60-5) ASmax = 18.75 cm?

Ag =633 cm?
As = Ag'+ A

Ag =25.08 cm2

Check:

As'/ Ag=25.2% > 10 % Ok.
u'=As'/bd=0422%>04% ( @ia3 ) I3 oS )

1t



Check

0.003 £s'
T " Coad
\ Cn]‘x'd\
Es =0.003 -_C‘max—
= 0.003 26.4-5
—26a—
g =0.00243
£/ s 3600/1.15 - 000156
£y = —E - —— - =0
s 2 x 10°
es > g OK
take fs' = f




Example 4:

Given : Mpy=30tm
feu = 250 kg/em’
fy = 2400 kg/cm®

d=55¢cm.
b=25cm
Required: Ag, As'
Solution
Mumsx = Rmax ( f_;:: bd2 )
= 0.214 ( 230 (25) (557 )
15

Mumax = 26.9729tm. <My — A double reinforced section.
For single reinforced section
AM =My = Mup, =30-26.97 =3.027 x 3.027 m.t.
AM=Ag f,  (d-dY

Ys

3.027 x 10° = Ag' 2400/1.15 (55-5)

As'=29 cm’

ASmax = Pmax bd = 8.56 x 107 x 250 x 25 x 55
ASpax = 29.425 cm?

AS = Asmax + AS\

Ag =32.325 cm®

AsV/As = 8.972 %< 10 %

As /bd =021% < 04%  (0.K)

11




Check:

0.003
T = Cord
Croax-d'
gs' = 0.003
Crrax
27.5-5
= 0.003
\ 27.5
gs = 0.00245
fy/ Ys
& = o -
g > & OK

1y

2400/1.15

2x10°

=0.00104
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monolithically aaly i 3 lena caualy i) QLL)L,C.‘LIU:. ihhiual Cletalll aadl
ol agm 5y o el S aal 55 3 CUISH sgay olls Llo scliay ¢ 2aly e jaS Dlaayy
pladll (e 3y 3 UL Y ¢ el et ) Jlainalt Uil Jid e ol (530 ackal

- 5 aSH g Uil gl 1 6 5o pa 2l y punS Jamy A ¢ S Sy o sal

= (T ) gldd Jylas

o353 o g Cua (V0 p5 083 ) (L, T ) cuelhadl e S (o Jlall 138 5 50
Effective alaill 4iilly Lawy Lo 9oy 2isl S Galy Jphall 20as plhaill 4il fe e 2 lieY!
— P L BB 5% o o 398D ay ¢ B pany s3aa g Ll 0584 AT flange

T. Sec. L.Sec.
B=16ts+b B=6ts+b
B=Lg5+b ' B=L¢g10+b
B=CL. to—»C.L. B=b+058§,
Where Ls = beam span between the inflection points =Ny

(Fig6) Ls=  { pajad L0006 Ahiki ) OBN) abki Oy dilcal
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 as<ts ——p design as a rectangle section

C<tg | ok
My = As :‘é (d—a/2)
As
= > .
H bd Hmin

1A
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os7f.. /1.

T, A ‘
ASL|
_b oe7t, /Y, __B_b__ -
g 1L/ 1= EE—
ASJ —T A'i ——T L’i‘ T
' ~b_ b
Fart ¢ Fart 2
() J53




— Al Al
(C>ts) plail did g s Jpasll ) gan ais

e C>t; ,a<ts DOl O GaoR) ey Ly
o C>t5 ,a>1g oY) Uladl L dikiteS g Uadl Ja oy Sua

D odom oa sl estiely (T ) il da gy

—: Ja!
T| = C]
A Y =067 U (B-b
Ys Yc
t
Ass=0.67 €U (B_b) ’
Yc
fY/Ys
My = Asr fv (d-ts/2)
_ fcu
My, =0.67 e (B-b)ts(d-ts/2)
- 3!'3 .!!
Tz = Cz
fy fCU
( As— Asr) s =067 Tc ba
5 = (As—Asr) fy/vs
067 fcu b
yc
£, :pad mmayy
My =(As— Asr) ¥s (d—a2)

T EUD NG P PN

Mu=Muy, +Mu;,

VA



ohlde o phte =clad pie ade plhlle (1P o) J85 ) ia gl (T ) gl pana
¥ou [ pas Yo e =Zilu il sVl agally «You [paS ¥ o= & guad olga) 53 paiiaall 3aal
! el

1o = Al Galad o (Banll ) 4 Aa Ll il 0Sa ((As,d ) (e S dlad giny apenail
[PRY PV EPLS (U SR JUPRR -1 PRI Y (FY) I OF RUF WAL IR PLOPS P OF P PR, 2
ledd a3 g ill 038 prmasl iy o Lige L i oladll ) gae 018 (58 camy g Uill
1€ aly o) p Uil dis il (NA ) O G i Ao 5 ¢ dpulia je

M, = 0677 n.f{d —5].
Ye 2

- 40%10° =0.67@*a*15({60—5J
15 2

40x10° =1005000a — 83754
& -120a+4776=0

Sa=4.12cm.
oo i ol e Y L Cay ¢ lan 5 jsn Aad Led V) dum i o LSt a B 2a 4
. . 0.1d
P 0SS Ade s Y e 0.1d 0585 ol peans 13
a=0.1d = 6cm
 liauna (fa g jie 9a LSt o JAl ) La oy
o) Allaa gasnid oS A, alagy
Tu=_Cu
A,fl —0.67L2 48
Y Ye
AJﬂ = 0.67@(6) (150)
1.15 1.5
oA, =32.1cm?.

VY



Check of min. and max. Reinforcement:
11 11

7 = —— = (0.00306
f, 3600
but u= 4 =_32;1 =0.0214
bd 25x60
S Vi
- OK.

-: (¥ "

f ol Ul o A gl M1 A (T) (10wl S5 ) g Uil e
f, =3600kg /cm’
fou = 250kg | cm?
assumea = 14cm

217 a5 ) Gy LS WYy gy el Y alea puiay (S -
C, =0.67 !E(B -bY,

c

= 0.67%(25)): 10

= 27916.667kg......comnvevenn Ti)

C, =0677=pg
7
= 0.67%(25) (14)

=39083.33kg.rereorrrreroen Q@)

T, = A,f’— = 3130.434,........03)

Ys
I, =C+G
. 3130.434, = 27916.667 + 39083.33
~ A4, =21.4Cm*,
= pyinll Ablea plasiidy
M, =CL+CY,

M, = c,[d-£]+c2[d—3]
2 2

= 30x10° = 27916.66(d — 5) + 39083.3Xd-7)>d=51cm
Take d =55cm.

vy
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=
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— 1 s ypaill y Lol lagaa 3 sl B e (302 Jae (S Ly

1
H = — = 0.00306
/,

¥y

A 21.4

= = =0.01556
bd 25x55
S ) e (O.K)
Jdsral e 23l Aspax = Asner OB Cya 3pall (5 gaaill dagdll o Fiadll aplhae Liny
ca8L(4-1)
Type Of steel Crax/d Mo Rimax
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 0.42 431*10° £, 0.87
45 /52 0.40 3.65 * 10° £, 0.180
Table (4—1)
o f, =3600—2""___, Cum _ 044
table(4—-1) =~ d
g, =0.8C
= 0.8(0.44d)
=0.8*0.44* 55 =19.36cm),
R/ S Y
nAy = O'ﬂ(a —b)t, f£ = 0.67-2—52(50 -25)x 10/36%0
] 7, 1.5 1.15
A, =8.92cm.
 Asqer (5 Ay Sebsianall g Uil 5 jlaliadl 8
As,,, = As— A, =12.48cm’
o = A lbd =228 _ 00091
25x%
- daad b La 0l W A 0ay
e Mol = 0.0125 > (O.K)
-: (Y A
» Mupax el i 25l g Aspee il JOally raca palt g Uaill Cauaal
S =Sl
t lgr Ll 1485 Cua ASpemex s 0 ASpx il
-t gl

ASmax = ASncrmax t Ast

\a




(Y-t ) Jdes ey
For single reinforced see 4., =0.0125

2 As,, .
"o =g
(A8, )= 0.0125x 25x 55 = 17.19 em’?
Co A8y, = A, + ASf =17.1948.92 = 26.11Cm’
- Roux (0% Mimax 3255 saall DA G aslul1 Gudls Mugy © wobsaly
= 1 okl & Unill
M, = Jﬁf,,u.,f—“"bar2 0.194 x 2152 25x 55" x107° = 24.45 mu
Ye :
: pUalll by alill ¢ jadt dllic
10 | | | |
- . X d-d-50
Uma:‘c"5 My M g
s As pax ol —as g
MAX
{iv} JS=
M, = Asf.ﬁ(d—d')
Vs
d = Lo Scm
2

M, _3923592(55 5)*10° = 13.96 m1

Mu, =M, +M,, =2445+13.96 =38.41 mx.

vy




£, = 250kg /cm’
£, =3600kg /cm’

assume
al{lScm (a<t,)
T,=C,
A, £ = 0.67f—“'a.b
Ys Ye
17.01* 3600 = 0.67éqx ax60
1.15 1.5
a=7.95cm)0,1d{15¢cm 0K
M, = ﬁf—’[d -5] =32.50.m
7 2
Note : -
Cul + CuI = I:f

0.67fu4,-B | 20.67)(fu)a—-t) () _

Y. Y:

M, =C,(t,+t,+4,/2-4/2)+C,,(d-t, -

—:OLLJ;MQMTC.@_,J&LHH

15
9~%
.t 6419 =17.01cm’®
‘ E S : : - .
40 .24
F B -
“'Il’ X
.[. =z
&
7 ATk
-
2. L2
¥
‘ﬂ_ x
() g
ajt a4

— : Jaraaall (5 8 daad i Agd i Gilac @l s 2

A,i gel a

Y.

a-t,

)

VA




:g.“ét-aéh'g‘b&é‘ QT)‘E&HI&LHP.A —:(0) Jfia

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 20 (150)(60—2a2) (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= _Of’iﬁ‘,{_ aB= x6x150
Yc 1.5
Cy = 100500 kg
TU = CU

£
Ag = 7—: = 100500

As =100500 x 1.15/3600

As=32.1042 cm’

Hein = 11/fy = 0.003056
p=As/bd=0.0214 > pmm OK.

va




Design of Reinforced Concrete to : a3 cilhhially 48 a0 ClelUail) ppaad 1 - ¥
Sections by Charts :

Jmaial y Cile glaall A gaay Jall 40 kel LS oo Caall (g ja 20 (gl 30le A LSy ailally
oY 138 eliy doply Basbe peall (e LBLAYT UAS o Y Jpea gl Ciogs dpaly i Y slaall
Apily Gl Jalaiiay A g e Dl pudny B Uglade 5 U gialy agial 88 13 Caxigald ) ginad) 280l

» Aibadl teed gl plualt Cilelaill prad LA (ja (Sar < yskia o Charts

D kel pgledll (63 Juhaiesall e dd) LRl ajaai ) - -
D esign Of Single Reinforced Section

£ -

- |
asanaill Aglae AL ADA e Sy 53y JoY1 ALl Balaiiall G (YY) 0 VA QB S KA
My ) oAl dad s (dA)

P oVl Alall
Jsill (Say o slee g Uail
A4 = a).f—”‘.bd — getw
¥
Jromchart — get(R)
M, = Rf bd’
OR:
From.chart — get(C))
d=C, M,
S
Al sl

For design assume d

M
R=fb:F gt (R)

OR:

d
C = ~ — get (C))

Jeu

From chart — get(®)

SA = [a)f—“'b.d]
/

¥y
[fa) > Wy,

increase d

)



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

SR = fl‘:-f - get(d)

ow

OR :
’ M,
d=C, b — get(d).

— ;&8 A bl -

 pparaih dlee oL ADI (o St (ol y (S0 Al Jadaiall i (YT 6 V9 i 0S4 )

: alaady g3 p 3l 3l il diac g daghid Cig e gl : 14Y) Aad)

f M, c
d=C 7.b — get(C)) = E

. L _z2min012s
CheCk * E <s.mn—unb-'¢(4—l)

then.get(J - M ).

:M_,bgu&#u_,ul,@h _)S_yll ,_}.Jlu_,}.f-l.hi::\._ﬁmll!hﬂ

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

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

M

.,ny

AN



4.29

By

(v ) J5s

AY



— ; Ay bl -
pranaill dlec oLl Lind ADI& (o (S (5305 AN 3l Jadaiall cyp (YY 6 Yo B S3)
t Aleady 30 o el dad apiad agllaally diae 5 daghd Cip jaae a1 (YT Alad

For known.sec tion

A
=5 Soge
H= get y

Calculate.uf,
Fromchart - (R)
M, = Rbd*.

 dagldy dhac alad Gaglhally 4de Pyl o jall iy e gLk 1 A0 Dl

assume d
; M,
bd?
Sfrom.chart > uf,
check :
i, < pog S, > (0O.K)
Iff, > po,,-f, —> (increase the depth)

. it
- Ay Glhbial gladdudy Clelbll) apaal
P(YVOSL ) kel el i3 Adatinall e Uadl) —
I — Single Reinforced Section Using Charts I, 2 ( design Aids )

Chart No (1) (R- W ) and ( C; — W) Curve

cubd®

d=c | M
'V feub

Calculate : C, then get (o)

1 — Calculate R= fM“ Jrom curve - get @

{(Or):

AY




2-As=Wf—“bd.

¥y

3 — Check: A, (4,4,

: b cybel ol Jpper 0

=t ol LS Jall 050 A e il

M, -fu—f,—b-d.
Get R using Eq. R:fl‘:;"d2 —>fu‘:‘;(W).
£
A, = Whd L=,
S

Check 4,,,(A4,(4, . — table(4~1). EC.

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

Solution : -

_ M, 20x10’
f.bd? 250x25%60°

Jrom: R=0.089—"=5¢ =0.116

4, = obd = = 0.116x 25 % 60x 20
3600

¥y

R = (.089

=12.08.cm*

use(eﬁ 16)

Check: -

o =5x107° £, =0.0125 (table:4-1) EC

Hun = — = 0.003
¥
_i_ 12.08 ~ 0.008
bd 25x60

"+ Honin (S g, = (O.K).

At



-If A, and d are unknown: -

Solution. -
1 — Asaume C1 =3 — 4 for rectangle sec.
C,=4->55T -Sec.

My s getd 0 G i

(=]

Ji
C golo get(w).
curve

2 —calculate d = C,

3 - CalculateA, = (a))—f‘lbd.

¥

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

Solution: -
Assume C1
5
d=C /20x10 — 50cm..
250x 25
Take = d 60c‘m
C = d/,/ A fob = 05 =3.354,
0x1
250x 25
Jrow G, =335 =" =0.116.
= A, =12.08cm?.
Check Ay gy (Ay(Ay -
-Chartno. (2) (Cy—J) Curve:-(YY ai, K& )
1 —Culculate : C, Where : d =C, ;{"
b

get Cl/d,J.

3 —Check.C/d)O.lZS,C/d((C/d)m
4-1f :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,.
M,
1, d

Where : A, =

Ao
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Note:

No need to check that Agnin < Ay < Aymx -
C . C

If:0125(—(—= |

if (d( r

Given M, = 20 m.t , f,, = 250 kg/em® , f, = 3600 kg/cm’ , b= 25cm
d=60cm.

Req (A,).

Solution: -

d=C F’— —C, =3.354.
fﬂb

fromC, = 3.354%% = 0.285,7 = 0.772.
Check :

0.125(§<C—;-; = 0.44 = (O.K) => table(4-1)EC.P.

M 20x10°
A = = =12¢m.
f,-jd  3600x0.772x 60
(Use : scg 16).
Given:
M,=20m.t.
b=25cm.
d=60cm.
£, = 3600 kg/em” .
fo= 250 kg/cm’ .
Req. A,—and check the min. and max. limits - then check Mymax -
Solution: -
M,  20x 10°

=0.089.

T fbd® 250x25x 60
Jrom:R-W —Chart > W =0.116.
4 = W.fobd _0.116x250x25x 60

: /, 3600

Choose : 4, =6¢{16 —12.06 cm’.

=12.08 cm™.

A4




Check limits of steel

1 — Minimum Reinforcement: -

4, 1208

=—L= = 0.807%.
bd 25x60

Hreg

fo = — =—— = 0.00306 = 0.306%.
f, 3600

He, = the smallest of 134 _ =1.3x0.807 =1.049 =1.05%
S Hon = 0.306%.

pmq > pmin (OK)
2 — Maximum Reinforcement: -

Fromtable (4—1)E.CP

How =35.0x107° £,
=5x107° x 250 =1.25%.
Hieg < Home = (0.K).

- TO ChCCk Mu max -

M, o = Roe fubd? 17,
R, =0.194 from table (4-1) EC.P

oM, =29.1ma.

Mu applied < Mu max (OK)




0.67.f cu/fg

+—
-~ C

- ‘
c a ]La.\z
d A
CYc.t
As

_7L __.’T 7/_

- For the above section if: -

My=35mt.  f,=300kg/cm’.
b=25cm. f, = 3600 kg/cm’ .
t=80cm.

Calculate A,.

Solution: -

Using chart No.( 1 ) design Aids:

wt=80->d="T5m.

5
R=_Mu __35x100 g0
f.bd? 300x25x 75
ie(w) = 0.102.

SA = Wb.dé— =0.102x25x 75.£ =15.94cm*
f 3600

¥

- 8<ﬁ16 =16.08¢cm’.
A 1594

u=—=———=0.85%.
bd 75*25

least 11/ f, = 0.305
134, =1.105

£0.15% - HGS.
£025 5 MS.

Accordingto table (4—-1): -
oo =5%107° £, =1.5%)u > (0.K).

49



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

M,
Joub

5
27520 (22X, ¢ 34,
300x25

From:Ch2 > g =0.15,7 =0.816.

d=C,

5
M, P10 16 om? o Take sﬁlﬁ.

A = =
) J,-jd  3600x0.81x75
Check u (as before ).

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

5
_ M,; _ 35x102 24,88,
bd* 25x75
FromCh3 :— u.f, = 309.
_ 309

x100 = 0.858%.

3600

4 =988 575 <16 cm? —>8<j',j'16.
100

g

Chech u( as before ) .

ay



Design of double reinforced Section using Charts.

(% ¢A VL clhbidclelil e g oill 13 el 4 dlal Glabaidl aadiud (S
1

.o.os-c_.;.% G g i ( £y ) awsall g gumil) olea) s i ki calias

i ) Cilelhail oo JalaB iy s} Ylaa ans LY (mal) Gudid Jghaa gy o5 8

P |
TR ISR IO PR ‘p‘i_){d}‘@‘:)éﬂ‘@ﬁiﬁjl{lﬁd}‘hﬂéﬂ}O] 0005=E"d'-

- ( Design Aids ) . (<
SHI g 4l B3 )W ggaluall Ay sy prabull A g0 3l e Unill ppanad Alla 8 4s i Bo WS
Mumas &5 Renax lans I3 a Biadl oy ¢ Taicall Lali s oladiu 1y e olia o 5 Y 4

P ghnal) g il e

2
Mu,, = Featabd
e

Mu_ (M, S 13
Lihiia i L) aad Talay Ll ey oy 06 Slad gLl e 35m sad pad g2 M, i
: uLu;rﬁngb_,hmn

M

R=—"r_
F_bd®

(VeAeY o) Sl hidl 355k o Sa o0 = Jaiall aa Gl dad sl

qy



L e ot 2all iy 38 ( ptn, R ) O 00 Gia B0k oo Jall digple el oSay
= Y il ghdll g Wl Sy gle s (Y - £) Jpaall
(1) From table (4 - 1) get Rous
(2) Calculate Mugy for the Section Where :
Mu_ =R, . f.,bd*ly,.
(3) 1 Mpux <M, . Use Compression reinforcement.

Mﬂ'

4) Calculate R = —r_,
(4) Caleulate R= 4 47

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

(6) Take oc= 0.1 0.4.. { Y£ JS2)

(7) From R,ec S

get ).

(8)A,=Wbdf—“'. R
G

- X=0.4

A=0.3
=0.2
‘‘‘‘‘ > A=0.1

A=0

dy/d=0.05 only

- - — —— — —_

(re) Jss

at



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

Req. (get A, ).
Solution: -

(1) for Steel 22 Table
52 (4-1)

R, =0.194,

(2) Mu, = Rmn.bdzf—“ = 0.194(25)X60)* % =29.1 md.

c

(3)M, . (M,.. . UseComp.teel
- d’ '
(4)Ford = SCM.—&— = 0.1, Take :oc= 0.4.

M,
Soubd?

(3)R= =0.156.

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

(7)4, = wbd%- =21.35cm.

¥y

A, =044, =8.54cm’.

40



: Akl dihia b ok ol 3 (T ) JS& Jo plladth : ¥ — 1 —Y

- Single reinforced T — section: -

C, = 0.671,
y.=1.5
T. = A,£ =0.87 4, /,.
s
"M, =0874,.f,(d-al2).

a.B=045/_aB.

Note: -

B = smallest.of — 16t, +b.
—L,/5+b.
— CL.to.CL.of .adjacent slab.

Where L, =L : for simple span .
=(,7L : for contin .span .

: ol A2y
ca (0 Sy ale g g Uaill 4l dada ( Jolal )} Jgaddt J_,Mé-_ld‘
CB G m oSy Sglinsa ey g Unill pansy 13

B ﬁ..«sjbu
IS IIIILIIIYY, 1{1‘1_3“
d Yei=d-a/2
As
! T P2 1
- Luitlt {tatf

ca >t sSidde g lhill did 2 la Dl

Jsna ol )

. (web ) 0 dikaia b Jaiaiad o yeall 6 jad 3ySH Jags i

~.C,=045f.4,.B

T, =087.f,.4,.
Yop=d-t,/2.

M, =045f Bt (d—t,/2).

B

a

777777777 ¥, J =

0. 48 fima

(S E——

N Tu




Given:
M, =20mst,
b=25cm.
B =120cm.
t,=8cm.
Jous= 250Kg /cm®.
f, =3600Kg/cm*.
Reg: A4.d.
Solution: -

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

AssumeC.=4wetakeitﬁom(4—5).

4.29
d=¢ M, .
JaB
d=4 M =32.7cm.
V250x120

B=120cm

jzs=8cm

25ecm

0.814

Sd=35m->C,.

S Co=dI (M, f,B =429 37 =0814>

C

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

C

7 =016 >..C=0.16d =0.16 x35 = 5.6cm.

Sa=08C=08%*56=448cm (¢, > (.. Casel).

" ler.Sec .. use.the. Same.Chart.
A= M, 20x10°
7 f,Jd 0.814x35x3600

=19.5 cm?

—=0.16.
d

c\d

av



Given the same above section with ; .

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

Req: A,.

C =d/{M,/{B =3.03.

fromChart — J = 0.771,

C
d

sa=08C =

. Case (2).

M,=Ty,=422@-%) - 40x100=43% 558,
¥, 2 1.15

A, =41.2cm’,

—— 0.36)C—'i" =0.125 (Cl: 0.44. 3.08
d d

0.8%0.36%35=10.08cm > 1.5

0.771

c\d

.(web)qi(comp)Jej;dnje&}hiﬂmcﬁciggblﬁn_)yis]

A

2

120 cm

]

(2222727771

d—ts\2

aA




Ifd = 70cm . Calculate A, .
C =d/\ M,/ f.,B=06.06

—:(4) S

. (Chart ) =3 3 315 5 Lee Sl Alle 4af jay-

Take[%} =0.125 » J = 0.826.

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

.. Rectangle Section

MI'

A = =19.2cm’.
Jdf,

If d =90cm . Calculate A,

C =d/ M,/ {,B=179

Use%/m =0.125 - J = 0.826.
a=08x0.125%x90 =9.0cm >T,.

—:(\-,}J..'u

.(web)qi(comp)_ll a_):nd‘.djc.nt[hmuﬁc_)hcig&hﬂl BY-ORE

M, =TY, =A,fi[d—‘—’J
' Y. 2

40x10° = A,[ﬁJx [d -'—=]
Yy 2

40x10° = A,%—OQ[%—E]
1.15 2

A, =149 cm’.

14




— (Yo JSh) (VY ) R

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—ForBeamB] : -

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.

( Feu = 250 kg/cm? & Fy = 3600 kg/cm? )
5 - Draw in a suitable scale full reinforcement detailing of
the simple beam B1 .

Solution

Loads
ow
g = —4ﬂooring

Slab load
Pg

iLeow=tsxy
=0.1x25
flooring = 0.15 ( given )
gs = 0.25+0.15 =0.4 t/m’

2 04 tm* |
P, 0.2 t/m° |

- \ehualio (g8 S e Jas iy By JS5 By ol cua By Jai ) ¥l sy By el
B; 25x60 ( given)
L 4

2X 2x1.25

200 kg/m’ ( given)

ie

=16 i.e f=0688

B Gisb oo pall Jlal e 4lua 3 of Giasd Reaction e daa W) Cua




_ts =10cm.

WFu sh=2.11 t/m

[T

VLR T BT R

2 4 1.2
- — Z5x60 :ﬁi—

= Bg 25X60 !

9
! 25!90 _
2 | 4 |1z
2 4 1.2
N T2
T Asl N T
N T
A N -
L% z | 4 12

1.2

1.25

4.22¢

2.205t/m

ARENIE O UL AP TR




Zibenr = 0.W + slab load
=25*025*06+2(g.B.x)

=25%*025*06+2(04x0.688x1.25)

=1.063t/m'
abo
Puear = 2 (02x0.688 x 1.25)
=(.344 t/m'
ol e ia
P <0.75 g
Ultimate factored load = 1.5 (ga + Py ) codeitem (3 -2~1-1).
=1.5(0.344 + 1.063)
=2.11tm' .
Wuse =2.11 t/m'
r= _WxL _ 211x4
=422 ton
ﬁ)l'B]
Load for bending

Bb

—>—» Wy
Py

0o.w=025x06x25=0375t/m
B = > +
Slab load = 12404+ 2(0.5)(2.5)(1.25)(0.9)

5

TArea

S 3218 (adai ST g Sabinall sactEl 3k Sas Y 4 Lin Laa
pan




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

5
=1.105 t/m'
* *
P =0_2[1-2+2 2.5 1.25/2]
=0.365 /m'
P, <0.75 g o Bad
ie. Wy=15(g + Pp)
=1.5(1.105+0.365)
=2.205 t/m'
RfromB;=2.11(4/2)=422t.
PL W12
IVImnx+v== I
4 8
422x5 2.205 x 52
=  —— +
4 R
=12.166tm
also:

2
Max-ve= —=7—=(2205x5%)/24=23 mt

A1




Design of section of Mid Span
T — Sec .
l16ts +b=16x10+25=185Cm

B L/5+b=500/5+25=125 Cm
CL_— »CL=120+200=320Cm

B=125Cm

Use Chart N%2 —» (C-Jchart)

d=C, My

IEU B
55=C, 12.166 x 10° C;=8.814
¢/ d <(c/d )min take c/d = (¢/d)min =0.125

C=0.125x55=6.875Cm

a=08C=55Cm<ts
&LL.—I“ -‘Li..:dshti._.d,n]l Jsaa Rl

J=0.826  c/d min— 5_liad Ladll LA,

_ M 2

As= u = 7.44 Cm
iy Td
LY
ASmin = Smallest of fy
1.3 Areq

Agmin = L(ZS) (55) =42 cm?

™ 3600

As =744 > Asp, Ok.

Use 4§j 16 ( As = 8.04 Cm?)

Or 3{;’ 18 (As=7.63 Cm?®)




Design of Section at the Support Rectangle Section:

My = 2.3 mt.
My = 0{;’% a.b(d-a?)
0.67 x 250
2.3 x 10° = X x25xa(55-a2)
1.5

2.14 x 105 = 153541.67 a— 1395.83 a’

a>-110a+164.77=0

a=(110+ ,\/(110)2—4x153.3 )/ @2x1)
=1.52<0.1d
takea=0.1d=5.5Cm

- fy (a-
My=As _7 (d-a2)

2.3x10°=Ag fz (55-5.512)
As=1.4Cm?
But (11 ) A
b.d =4.2 cm
fY
ASmin = < >_
1.3 Areq=13x13 = 1.7
~

iy

ang also As #£ 0.15/100b.d

£2.06 Cm*

As=2.06cm=2<ﬁ 12

J8 Lagd




The moment of resistance

The Section at midspan:

My=12.166 m.t

Aspeq = 7.44 cm®

AS chosen = 8.04 Cm? (4 ¢ 16)

Myr = 1xAsd,om= 12'$x8.04= 13.147 m.t.
Asreq 7.44

Myr (1616 )=Myx /4 =3.28 m.t.
The section at support
Mpy=23mt

Asrq = 2.06 cm?

AS nosen = 2.26 cm® (2$12)

My

MUR= Asrq

ASchosen = 2.52 mut.
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o 29 20.59,

Huin = 4/.fy

As,, = 3.5bs
0.87f1,

0.5q.>q> 0.0

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

e ¥ of bjidy WS ¢ 546/m7 ce liSh B o paill gald iy Y o 2580 iy,

Guma =22 Ja

‘ 2 o ) el alead dail J a1 (e Jlay g Uil
OR :30kg/cm’.

iy Jaiuall qﬁi,)l-,\dt,.\_mg-ihnuaiﬂqé Over reinforced sec - g tailt ruay ¥ Ja @l
a3 pa 3l apa Jeay IS Lgiaylid 5 gailll Aaill ) dniall Bl 8 dilu 30 Jgeay
A it pa el g8y lgarigty Jaial) dihaia 8 Al A0 el Ll iy Laa g il
() ke
2D ala A Ly palll alid ppanal cagllae (YY) JEAIL Ao gl Aasadl 5 5aSH
c(pme £ ) a8D e -
(o YO )5 aSh e — ¥
(e VY )i a8 e - ¥

Jou = 250kg fcm®, f, = 2800kg /em®. : ok lake

Case(1):-
L) N
d=60-5=55cm
Q=755/2)~75(0.25/2+0.55/2)=15.751
3
q= L2 _1575x10° 7.16kg/cm’ -.q <q,., where (q, =8.75 Jau _ 9.68 kg /cm’

bd 40x 55 Ye

Y



D oaill 3 e i) dal g g Ay Lgasdi Db jaT (Baske (e Alaad (Say el 13

A, =0 upe OB usne00-12 cm. (546/m")
100 100

= 4 =0.0014,.. A, = 0.0014*b*5s = 0.0014*40*20 =1.14cm’.

Check u, = 7300

S

£ 3hdmy f i pah Sl AlS sl S dde g« 5240 Y g €l 20 o Laa
oA, =0.503%4 =2.01cm’ >1.14cm’* .. O.K
e A e/ Ve g 0 il gy AT i sl (Sa
oA, =0785*2=157>1.14cm* ».. 0K

Case(2): ( rr} jsi

_ Q9 _1575%10°
1= 5d " 25%55
(g, =9.68)

=1145 kg/cm*

Qs = dad p gl Cusy IS ) oy g Uil 4o
:‘;JMLBJ
g, =9—4q, /2=ll.45—9—'26§=6.61kg/cm2

assume : S = 20.

a2 4+ 2800
e Ve 661 — LIS
Area b*s 25*20
s A, =136 cm’.

Use 5 cj'lO/m' two branches A, choosen = 1.57 cm’.




Case(3): (1¢) Jsd

®1n3
q = g = 1_5;?_5_11 = 23_86kg/cm2_
bd 12*55
S.g>>q.,(23.86>9.68)

but:q <gq,.. —> where q, __ =2.21f%5?0 = 28.4kg/cm’.
¢ Qumax OF q Aaf 35 o waiad sy Cua

9,=9 —% =23.86 _2-;& =19.02kg /cm™.

g, =19.02kg /cm?. Ak e Sk e glie (S0 Ll oa
:;:a.g“(./Aaoaus.ll:Y,i
q, = A, Qb.s
Y
Loge(25)
-2/ _10.55kg/ cm’.
12x20

Al IS ¢ Loty
g, =19.02 -10.55 = 8.47kg / cm*(additional stirrups).
=8.47kg/cm’.
vgy=a, Db
7s
S = Gliluw A g LIS dasiud (Say Cua
106+ 2800
1.15
12x S
=8 =25cm.

.. 847 =

afAB £ NS gl
/A= (q+ar) pa (D Lyl CUSH Jlaal S 4

Yy Y



P osSidde s a /A g ALYl ClISH e Yoy dankal FLud alasiud (K

Abt,j;_

8.47 = Vs

bd /2

a1 ahais dala e Jgpeanll d/42 — IS A A5 e Yo lage G Bady Cun
. Qs ALY el (598 G gliad Ay plladdl 4a &4

A, =3.25cm.
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= (£1 41170 flail): Jy Iog JL 3,

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=2.50t/
a fa
6.60
* *
Load for Bending

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

Data: -

¢ Concrete characteristic strength = 250 kg / cm’ .
s Steel yield stress =2800 kg / cm? .

Solution.

For simple beams :
d=L/14

table (4—-10) ECP
d = 50.cm

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

distance C LtoC.L=6.60 m.

clear span +d =635+050=685m.
. 1.05%clearspan =1.05*6.35=6.67m.
o Ly =6.60m. (6-3-1-2) ECP

AR



Straining Action:

w, =1.4x25+1.6x0.7 =4.624/m.
w, =1.4x22+1.6x0.56 =3.98¢/m.

M, iy = 462 (6.6 /8= 25.16mt.

M, ., =4.62x(6.6) /24 =8.40mt.

u{—ve)

0, =3.98(6.6/2) =13.13 1.

Design of Section:

Section (1):- T- sec ( at mid span ) :
B = smallest of:
o [6ts+b=16*10+25=185cm.
o L/iS+b=660/5+25=157cm
¢ C.L.to CL of slab=400cm ( From plan arrangement ) { 6-3-1-9} E.C.P
LB =157cm.
Using C; — J curve ( curve 2 — page 4} — Design Aids

5
55=C, *M
250x157
~C, =6.87

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

~.Take ¢/d = ( ¢/d Ypin = 0.125

soe =0.125*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 e’ .

( AS)min = the smaller of :

bexd = I x 25% 55 = 5.40cm’.
1, 2800

1.3 4s(required) =1.3x19.73 = 25.65cm’
o (AS) gy = 54 e’

025 bxd =223 25x55=3.438 cm.
100 0

A\RR



<. (A$), = 5.40cn’ < (A5 repirea(OK)

o =1.75%.

Since.a_, >1,

Ay =B-b),(f, /7 )L, 7)) = 90.4cm’
Ape = A4, — Ay = —ve(0O.K)

Choose..A, = (7419) =19.90cm’.

Section (2):- Rect — sec ( at support ) :
b=25cm.

Using Cy ~ 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, ___ 840xI0 = 6.604 cm’.

" f,Jd  2800x0.826x55

{ AS)min = the smaller of :
-l—] xbhxd = n
7/, 2800
1.3 As(required) =1.3x 6.604 = 8.585¢cm’.

(As),, = 5.40cm’.

x 25x 55 = 5.40cm’.

025 pwd =923 2555 3.438em” < (4s)
100 100
o (4s),,. = 5.40cm’ < (A4S pguirea {O.K).
Heow =1.75%
< 0K).
ﬂ=£= 6.604 _ | 4% Mo (OK)
bd 25x55

Choose {As) = (31’1 9) = 8.51 cm’.

\YY



Ultimate moment of resistance: -

M =M -ﬂ-m_.

ur u
Asmqm'md

Section (1) : my =25.16%19.9/19.73=25.38 mt .
Section (2) : my; = 8.40* 8.51/6.60=10.83 mt .

Development Length: -

L =lapn(,1r)/40.] 4
7, =115y, =1.5.

S5 = 0.87 /f—“ = 0.871’21’—550 =10.66kg /cm’.
& -

Moortom = 1.0 Top = 1.4(Jord > 30cm).

For Tension : -
a=0.75 ( with Hook)

£=100 ( Smooth Bars)

Ly vonomy = [0.75*1.0*1.0(2800/1.15)/(4*10.66)] «{= 43 q’

Lyup) =[0.75*1.0%1.4* (2800/1.15)/(4*10.66)] §= 60 -

Using the same equation ( 4 — 56 ) for :
a=100 ( with Hook)

B =070 { Smooth Bars)

Lugsonomy = [10* 0.7+ 1.0(2800/1.15)/(4*10.66)] {= 40 4

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: Ld(bman) = 40‘1" Ld(mp) =3 64

For Compression: Ly voiomy = 35cj‘ s Ligop) = 49({ .

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 .
Qumax = Qu— Wa (d/2+0.125 )
=13.13-3.98(0.55/2+0.125)=11.54¢.
q — Qlll‘.ﬂ.ll
“ bd (eqn4-13)
=11.54x10°/(25x55) = 8.4 kg/cm’.
q. =075 Ja
Ve (eqn 4-18 )
=0.75, i@ =9.68kg/cm’.
1.5
qu<qQa
. use min stirrups .
Astnin=(4/%).bs (eqn 4-28 )
Where s < ( Smaller of d/2 and 20 cm ) ( 4-2-2-1-6- )
- 8 =20cm
Ag min= 4*25%20/2800 = 0.72 cm” . ( for the two branches )

\Y¢




Agq 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 8.
Where:
P = Ao Ao = 3J19)/(7419) =3/7

55
83/7)

<

=16¢cm. fake s = 10 cm

_3.7bs 3.7x25x10
wms o f 1y, 2800/1.15

=0.38cm’.

Use stirrups tj‘ 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 ) .
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Case of Bent Bars
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developement lenght and simple beam reinforcemeni delails :
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