Analysis and Design of Doubly Reinforced Rectangular Beam

Analysis of Doubly Reinforced Beam

The steel that is occasionally used on the compression sides of beams is called compression
steel, and beams with both tensile and compressive steel are referred to as doubly reinforced

bea

Occasionally, however, space or aesthetic requirements limit beams to such small sizes that

ms.

compression steel is needed in addition to tensile steel.

1- To increase the moment capacity of a beam beyond that of a tensile reinforced beam with
the maximum percentage of steel, it is necessary to introduce another resisting couple in
the beam. This is done by adding steel in both the compression and tensile sides of the

2- Compressive steel increases the amount of curvature that a member can take before
flexural failure.

3- Compression steel is very effective in reducing long-term deflection due to shrinkage and
plastic flow.

4- Continuous compression bars are also helpful for positioning stirrups (by tying them to the

beam.

compression bars) and keeping them in place during concrete placement and vibration.
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There are two cases

Case 1: Tension and compression steel both at yield stress

Assume fs = f{ = f,

FromT2=Cz _)ASZ Xfy:A;XfS,_)ASZZA;

M, = A;fy(d - d,)

FromT; = Agy X f,

My =Ty (d—3)

Where A;; = Ag — Ag
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M, = Aslfy (d - %)

= Aaly and c¢=—

I, = (> Aafy = 0.85f ba - 0.85/.b B

Check f; fl =

If f{ = f, the assumption is ok
M, = Mp; + My, = (A5 — s)fy ( ) + Asfy(d d’ )

Note: Another important condition should be provided p < p'1ax = Pmax + p’;—s to ensured
y
yielding of tension steel

Case 2: Compression steel below yield stress

£ < fy and p < plome but (fy = ;)
T =C(y + C, = Asf, = 0.85f ba + Agf{

From a = Bicand f/ =

!

c—
Agfy, = 0.85f'bBc + A5 600
Solved equation to find ¢ and then find a & f;/

Find 4,, = A;;—s and A, =A,— A,

y

M,, = My, + My, = slfy( )+Asfs(d d’)
Or M, = 085f/ba (d 9+ Aifi(d—d) and M, =g¢M,

A
Check Pact = ﬁ - Pmin < Pact < p,max

_ VL 14

Where pin = ify > 3
f’
pmax = P max +P =
fy

_ fc Eu ! f_s’ r_ A_;
P'max = 0.858; = 7, e t0.003 +p 5 where p' = >




Ex1: Find the ultimate bending moment for the section shown in figure below, f/ =
20.7MPa, f,, = 400MPa.

Check the reason for using of compression reinforcement:

| = 360
A =5 X T(3)? = 4021.24 mm? GOF & ’
Ag 4021.24 2025
P provided = bd _ 360x600 0.0186
£ . 600
Pmax = 0.85B; f_ym = 0.016 < P provided
5@32
Compression reinforcement has been added for change mode 1
YN RY
from compression failure to tension failure.
Assume f¢ = f,
/ 25 2 2
A, =2 X R(T) =981.75mm* = A,
Ay = 4021.24 — 981.75 = 3039.5 mm?
= faly _ 309549 _ 19194mm  And ¢ =2 =222 = 225 8mm
0.85f/b  0.85x20.7X360 b1 0.85
c—d' 225.8 — 60
f:g, = 600 =6OOXW=44OMPGZ4OOMPG ok
Nl V207

—0.0028 > 22 = 1% _ 0.0035 control
f. 400

Pmin = e = 4xa00 3

As _ 4021.24

= 0.0186 < p'p.y = 0.858, 2 — 4

Pact = 14 = 360x600 fy £,+0.004
20.7 0.003 981.75

= (0.85 x 0.85 x X + = 0.0205 ok
400 ~ 0.003+0.004 = 360X600

g, =£5%0.003 =0.005 usep=09
C

My = $lAafy (d—3) + ALfi(d - d)]

191.94
M, =0.9 [3039.5 X 400 (600 — ) + 981.75 X 400(600 — 60)| x 107°

M, = 742.37kN.m



Ex2: Find the ultimate bending strength for the doubly reinforced concrete section shown in

figure below, use f; = 27.6MPa, f,, = 345MPa

A; =4 X n(—)2 3217mm?

A, =2 X n(7)2 = 628mm?

Assume f¢ = f, and A; = A,

Ay = Ag — A, = 3217 — 628 = 2589mm?

_ Asify _ 2589x345 a _ 1057

60

| 360

r 2;20 J

4032
® .‘\ ®

= e = =105.7mm And c=—=—-=124.3mm
0.85f;b  0.85x27.6X360 B1 0.85
, d’ 124.3 —60 .
Check f, = = 600 X = 310MPa < 345MPa the Assumption not ok
T=C+C—~> Agf, =085f'ba + Asf{ a=pcand f] =

!

C —
Asf, = 0.85f/bBic + A% 600

3217 x 345 = 0.85 x 27.6 X 360 X 0.85c + 628 x 600 X

c

c?—102.12¢ — 314929 =0 - c¢=126.93mm a = f;c =0.85x% 126.93 = 107.9mm

f. 4 = 60022220 _ 316.38MPa < 345MPa
126.93
Check A, = A5 = 628 x 2228 _ 575 9mm?
y
WVl 276 14
Pmin = o, = ix3as = 0.0038 = fy E = 0.004 (COHUO')

As _ 3217 _ _ fl ey
Pact = 54 = Teoxe00 — O 01489 Pmax = 0856, fy €4+0.004
= 0.85x 085 x 22 x 008 628 31638 _ g

345  0.003+0.004 | 360x600 345
P = 0.004 < poey = 0.01489 < p'. .. = 0. 0384

600—-126.93

Calculate d &, = &, = 0.003 << = 0.003 x
c 126.93

+p

fy

M, = &[0.85f ba (d - 9) +ALf/(d—d) =09 [0.85 x 27.6 X 360 x 107.9 X

(600 - w) + 628 x 316.38(600 — 60)] x 10~¢ = 544.4kN. m

= 0.011 = 0.005 use ¢ = 0.9



Design of Doubly reinforced concrete Rectangular beams

Find the ultimate applied moment M,, external moment

fl e )
Calculate p ,,x = 0.858; iawo’fom to Find A ax = P max Pd
_ Asmaxfy _a
Calculate a = 085,70 and «c¢= 5

Use ¢ = 0.816 calculate from ¢ = 0.65 + (& — 0_002)%

250
¢ = 0.65 + (0.004 — O.OOZ)T = 0.8167

Calculate internal moment ¢M,, = ¢pA; max fy(d — %)
Compare M,, with ¢M,,

1- If M, > ¢ M,, Thus section is doubly reinforced
Sothat Agy = Asmax » Mu1 = My, - My, = My — My,

My,
Asp = =7~
¢fy(d—d’)
, c—d'
fi = 600—
Ifff =f so A;=Ag and A = A4 + A,

Iy

Iffi <f, so A;:ASZF and A; =Ag; + A,

2- If M, < ¢ M, Thus section is singly reinforced

(1- ,1_2.36M1¢
So f|nd Pact: from Mu = (prybdZ(l _ 059p %) — p= ¢bd2f¢

f
(1.18f—Z)

Check Pmin < pact,req < P max

As = pgcebd




Ex3: Find the steel reinforcement area for the section shown in figure below, Assume
M.D.L = 150kN.m, M.L.L.= 200kN.m, f. = 20.7MPa, f,, = 414MPa. | 360 |

Bfr =]
My, oxe = 1.2 X 150 + 1.6 X 200 = 500kN.m
500
. fo ew 207  0.003
Pmax = 0855 fy €4+0.004 0.85 % 0.85 x 414 0.003+0.004 0.0155
Ag max = Pmax bd = 0.0155 X 360 X 500 = 2786.79mm? =1
= Lomaxly _ 27867 _ 182 14mm ¢ =2 =12 _ 214 28mm
085f/b  0.85x20.7Xx360 B1 0.85
250 250
¢ = 065+ (g, — 0.002) —= = 0.65 + (0.004 — 0.002) —~ = 0.8167
M, = ¢A; may fo(d —2) = 0.816 X 2786.79 X 414 X (500 — 2224y x 1076 =
n smax Jy >

385kN.m
M, ..t = 500 > ¢pM,, = 385 So the section should be design as doubly reinforced
Ay = Agmax = 2786.79mm?

My, = ¢$M, = 385kN.m, M,, = M, — M,; = 500 — 385 = 115kN.m

o Me 115 x 106 — aa cam?
2 T f,(d—d) 0816 x 414 x (500—60) oo
=600 =% = 600 x 222280 ysompa > £, = a14mp
fs = c 21428 a>fy= ¢

AL = A, =733.68mm? And A, = Ay, + A, = 2786.79 + 733.68 = 3560.5mm?

S=

Assume @ = 35mm No.of bars = 315860'5

= 3.45 ~ 4036

2

25 mm
S — 360—2%X40—2%X12.5—-4X36 _ 37 2 Db — 36 mm

3 *M.AS.
3

For compression reinforcement, Assume @ = 16mm, 500

Ab =201

_ 733.68
T 201

No. = 3.65 =~ 4 Use 4016

40 12




Ex4: For cantilever beam L = 4m find the steel reinforcement area, if the live load is 20
kN /m and the dead load within self weight for the beam is 18 kN /m where f = 21MPa ,

fy = 400MPa,d = 510 mm, d" = 90 mm b = 300 mm.

W, = 1.2 x 18 + 1.6 X 20 = 53.6kN/m

_ WyL? _ 53.6x42

My exe = =2 = 428.8kN.m

0.003

— fe_ & _ 21 —
Pmax = 0855, fy €4+0.004 0.85 % 0.85 x 400 0.003+0.004 0.01626

Ag max = Pmax bd = 0.01626 X 300 X 510 = 2487.78mm?

a 185.83
— = = 185.83mm c¢c=—=
085f.b 0.85%21X300 B1 0.85

__ Asmaxfy _ 2487.78x400

= 218.62mm

250 250
¢ = 0.65 + (g — 0.002) —— = 0.65 + (0.004 — 0.002) —~ = 0.8167

185.83

GMy = PAsmax f(d —2) = 0.816 x 2487.78 x 400 X (510 —
338.45kN.m

) x 107° =

Or M, = ppbd?*f,(1 - 0.59p ’fly,) = 0.816 x 0.01626 x 400 X 300 x 5102(1 — 0.59 X

400

0.01626 x —=) X 107¢ = 338.45kN.m < 428.8 so the section is doubly reinforcement

Agy = Agmax = 2487.78mm?

M,, = ¢M, = 338.45kN.m, M,, = M, — M, = 428.8 — 338.45 = 90.35kN.m

My, . 90.35%10°

_ _ 2
Asz = Pfy(d—d')  0.816x400x(510-90) 658.5mm
;o c—d' 218.62—-90 _
fi =600 — = 600 X ~ises = 353MPa < f, = 400MPa 300
400
Al = A, ;—y = 6585 X 7= = 746.18mm”
s 148
5030 1B
A, = Ay + Ay, =2478.78 + 658.5 = 3137.28mm?
‘| 510
Use @ = 30mm No.= 2228 — 4,44 ~ 5 use 5030 4016 | 90
707 T
Use @ = 16mm No.= =22 = 3.71 ~ 4 4016
3137.28 46.18
Pmin = 00035 < preq = = 0.0205 < p o = 0.01625 + =0.211

300 x 510

7

300 x 510



Analysis and Design of T-section Beam

Reinforced concrete floors are almost always monolithic. A form are built for beam soffits
and sides and for the under-side of slabs, and the entire construction is cast at once, from the
bottom of the deepest beam to the top of the slab. Beam stirrups and bent bars extend up into
the slab. It is evident, therefore, that a part of the slab will act with the upper part of the beam
to resist longitudinal compression. The resulting beam cross section is T-shaped rather than
rectangular. The slab forms the beam flange, while the part of the beam projecting below the
slab forms what is called the web or stem.

T-beam geometry

S R s A - b
v % T Y 7 :

Isolated —» hy T-Beam —» L-Beam—»
T-Beam % % o0

< by~ by e——— su oo

For lIsolated nonprestressed T-beams in which the flange is used to provide additional
compression area shall have a flange thickness greater than or equal to 0.5b,, and an effective
flange width less than or equal to 4b,,.

hf > OSbW and bf < 4bw

-For nonprestressed T-beams supporting monolithic or composite slabs, the effective flange
width by shall include the beam web width b,, plus an effective overhanging flange width in

accordance with the Table below, where h; is the slab thickness and s,, is the clear distance to
the adjacent web.

Effective overhanging flange width, beyond face
Flange location of web
8he
Each side of Least of: Syl2
web
£,/8
6h-
One side of web Least of: Syl2
£,/12

For symmetric T beams, the effective width b, shall not exceed one-fourth the span length of

the beam. The overhanging slab width on either side of the beam web shall not exceed 8 times
the thickness of the slab or go beyond one-half the clear distance to the next beam.



bf = by, + 2 X the Least value of table — by = min[b,, + 16hf b, +s5s,, b, + IZ"]

For beams having a slab on one side only (L-Beam), the effective overhanging slab width
shall not exceed one-twelfth the span length of the beam, 6 times the slab thick- ness, or one-
half the clear distance to the next beam.

b = b,, + the Least value of table — by = min[b,, + 6hs b, + %W by, + %]

Strength Analysis

The neutral axis of a T beam may be either in the flange or in the web, depending upon the
proportions of the cross section, the amount of tensile steel, and the strengths of the materials.

If the calculated depth to the neutral axis is less than or equal to the flange thicknesshy, the
beam can be analyzed as if it were a rectangular beam of width equal to b, the effective flange
width, While when the neutral axis is located in the web. In this case, methods must be
developed to account for the actual T-shaped compressive zone.

h h
| | b . ) b |
I % Nqutral T
d T: I axis d T_} - ~ I Neutral
1 (1) 2 l P (1) (2) | axis
| | | |
l _____ —e—- I I 77777 7.7.7.7,‘__777|
b, b, -

Case 1, If a < hf analysis as rectangular section of width b
Case 2, If a > hf analysis as a T —section beam

It is convenient to divide the total tensile steel into two parts, as shown in Figure below. The
first part, Asr, represents the steel area that, when stressed to f,, is required to balance the

longitudinal compressive force in the over-hanging portions of the flange that are stressed
uniformly at 0.85f, .Thus,

, 0.85f/(b—by,)h
Agrfy = 0.85f7 (b — by)hs — Ay = 5 !

9



hy
Mnf = Asffy(d - 7)

— (As_Asf)fy

(As — Asp)fy = 085f; ab, - 0.85f.by,

My, = (As — Asf)fy(d - %)

h
M, = Mnf + My, = Asffy(d - 7f) + (45 — Asf)fy(d - g)

Analysis of T-section Beam
- Check the beam dimensions
- Check the section (Rectangular or T- section)

A
a= S—fi’ and compare
0.85fcbr

If a < hs Rectangular section

Ifa > he T- section

0.85f/(b—by,)h
- Calculate Agp = fC(f My
y

a4 Ay _ fe 600
- Calculate p,, = bwsd Pr = buyd Pp = 0.85[?156004_&

fi_600 Ay
£, 600+ f, " by,d

pwp = Pp +pr = 0.85p
- Compare p,, with p,,;

If py < puwp — under reinforced section f; = fy

(AS_AS )f h
= My = Agpfy(d — D) + (As — Agp)fy(d =)

If p, > pwp — over reinforced section f; < f,
Find c and f;

fi = 600—
Asf; = 0.85£!(b — by,)hs + 085, ab,,
A;(600=5) = 0.85f. (b — b, )hs + 085f/Bych,, —> ¢ and a=fic
Calculate My, = 0.85f; (b — b, )hy(d — L) + 085f/ab,,(d — )

Find ¢ and Calculate M,, = ¢ M,,

Vi 14
P min= = Pwact = Pw max Where P min = = >
4fy — fy

10



Ex5: For the following T- reinforced concrete beam with (b = 720mm), (d =
660mm), (hy = 150mm), (b,, = 250mm), f; = 20MPa and f, = 420MPa, calculate the
design moment when (1) As = 3000mm?and (2)As = 4800mm? and (3)As = 7000mm?.

_L '4.___720mm _.'

Check the beam dimensions 150mm
hs = 150mm > 0.5b,, = 125mm T
bf = 720mm < 4b,, = 1000mm ok o
S S— .
fe—
250mm
(1) As = 3000mm?
Check the section (Rectangular or T- section
= ASff = 002 _103mm < hs; = 150mm
O.85fcbf 0.85%X20x%720
Rectangular section with (720x660mm)
p=2="29__00063
bd 720%X660
_ f¢ 600 2 20 600 _ . .
pp = 0.850; ho00ts, 0.85 700 2001400 =0.0202 >p = 0.0063 under reinforced section

M, = Agfy (d —3) = 3000 x 420 x (660 — =) x 107 = 766.7kN.m

a=p;c—> 103=085Xc—-c=121mm

d—c _ 660-121

£= " £cu = ==X 0.003 = 0.0133 > 0.005, S0 ¢ = 0.9

M, = ¢M,, = 0.9 X 766.7 = 690kN.m
(2) = 4800mm?
Check the section (Rectangular or T- section)

A .
= Sf‘,v = 2800420 _164.7mm > hy = 150mm  T- section
O.85fcbf 0.85%X20%x720

_ 0.85f/(b—by)hy  0.85x 20 x (720 — 250) X 150
S f, B 420

= 2854mm?

_ ASf __ 2854
Pf = bod  250x660

puwp = pp + p; =0.0202+0.0173 = 0.0375

= 0.0173

11



_As 4800
Pw by,d  250%x660

= 0.029 < p,,,, = 0.0375 Under reinforced section f; = f,

_ (As—Asp)fy _ (4800—2854)%x420
0.85f/!b,, 0.85x20%250

My, = Aspfy(d =5 + (Ay — A f, (d —9)

= 192.3mm

150 192.3

M,, = [2854 x 420 x (660 — %) + (4800 — 2854) x 420 (660 — ~==)] x 10~

M, = 1162kN.m
a=p;c—> 1923 =0.85%Xc—c=226.23mm

. d—ce 66022623
t=  “cu 226.23

x 0.003 = 0.00575 > 0.005,S0 ¢ = 0.9

M, = ¢M, = 0.9 X 1162 = 1045.8kN.m

(3) = 7000mm?
Check the section (Rectangular or T- section)

= ASff = D0 ~240mm > hs = 150mm T- section
0.85fcbr 0.85X20x720
Pw = bAsd = 25700:6060 = 0.042 < p,,,, = 0.0375 Over reinforced section f; < f,
Find c and f;

d—c
A (600 T) = 0.85f; (b — by, )hs + 085f/B;cb,,

0—c

66
7000(600 x ) = 0.85 X 20(720 — 250) X 150 + 0.85% x 20 X ¢ X 250

c

—c=404mm and a = B;c=0.85%x404=343mm

660—404

f; = 600="=600 x =380MPa < f, = 420MPa

M, = 0.85f/(b — b, )hy(d — L) + 085f/ab,,(d — )

150
M, = [0.85 X 20 X (720 — 250) x 150 % (660 — T) + 08520 x 343 x 250

343
X (600 — T)] X 107% = 1413.23kN.m

d—c _ 660-404
T 404

% 0.003 = 0.0019 < 0.002, So ¢ = 0.65

M, = ¢M, = 0.65 x 1413.23 = 918.6kN.m

12



Ex6: For the slab-beam system shown in Figure below, Find the ultimate bending moment can
be carried when f/ = 20.7MPa and f, = 345MPa, span of beam = 5m,d = 600 mm,
s =8832mm.

Check the beam dimensions

/ s@sz—ﬂ/
x 1800
| 6

by, + 16hs = 360 + 16 X 80 = 1640mm

by = min b, +s,, = 360 + 1800 = 2160mm

n 5000
b,, + i 360 + = 1610mm (control)
32
A =8 XX (7)2 = 6434mm?

Check the section (Rectangular or T- section

Agf, 6434x345
=—2 = =78.36mm < h; = 80mm
0.85f/b;  0.85x20.7X1610

Rectangular section with (1610x600mm)

p= ;’)4_:1 - 16f:>3<200 = 0.0067

pp = 0.850; ;; 606000fy = 0.852 i?)g 60§+400 =0.0224 >p = 0.0067 under reinforced section
Do = g =7 _ 0.0033 > fy = 1% = 000405

—_ 08531]“ €4 ,207 0003

—=10.8
fy &, + 0004 400 0.003 + 0004

P min= < P act < P max

M, = Agf, (d - —) — 6434 x 400 X (600 - %) x 106 = 1244.86kN.m

a=pc—> 7836=0.85%Xc—c=922mm

etz%gcu = 222 0.003 = 0.0165 > 0.005, S0 ¢ = 0.9

= ¢M, = 0.9 x 1244.86 = 1120.38kN.m

13



Design of T-section Beam

For the design of Tor L section beams the flange has normally already been selected in the
slab design as it is for the slab. The size of the web is normally not selected on the basis of the
moment requirements but probably is given an area based on sheer requirements. That is a
sufficient area is used so as provide a certain minimum shear capacity. It is also possible that
the width of the web may be selected on the basis of the width estimated to be needed to put
the reinforcing bars. Size may also have been preselected to simplify formwork for

architectural requirements or for deflection reasons.

hy €y 0.85 f7
I* b " ) :_'I = =, ™
= _f i_ :Ia=81c
d 1
Ag -4-0-9- t # 2 Z”
|-—b,—-| —r€sh— !
G-bw)2 (b-by)/2 ﬁ
l f—— b —|  je— e os5p2 0.857%
12 77T PABYT 7 1 H o
£ g v 2 SO T Sl ]
(d-hf/2)
(d- a/2)
As Asf 45w
L =] == B l_, = i 1
l‘b:’l i T =Asrfy Tyw=Aqefy
Mn = Mnf + Mnw

- Check the beam dimensions

- Assume the section is analyses as rectangular, a = hy
- Calculate My, and assume ¢ = 0.9

, hy
M, = ¢[0.85f, bfhf(d — 7)]

- Compare a calculated My, with M,

If Myyexe < M,y  design as Rectangular section

If Myyexe > M,y  design as T- section

_0.85f/(bg—by)hs

- Calculate Agf = P
y

14



hy
Muf = ¢Asffy(d - 7)
My = Mu)ext - Muf

From M,,,, calculate p and A,,,

. Myy _ Iy
Where R = Yl m= 0857

and assume ¢ = 0.9

1 2mR
p=50-[1-72) = Aw=pbyd
- Calculate  Ag = Agp + Agy
- Calculate py, pf, Pwymax and pPpmin

AS _ Asf

— _ f_c, Euc
Pw =5 d Pr = p.d Pmax = 0.850, fy €uc+0.004

Pwymax = Pmax t Pr
If pu, < puwymax  SeCtion satisfy the requirement of maximum steel reinforcement ok
If pv, > Puymax no governing

Option for solution:

a- Increase flange thickness (hy)
b- Use compression steel reinforcement (doubly reinforced section)
c- Increase the effective depth (d)
fi 14
P min = g > A If py, < Pmin USE Py = Pmin
y y
- Check ¢
= Aswly - d=c
a= 0.85f.by, €= B1 and €t="""€cu
- Assume @b to find the number the bars No. of bars = :%
b
- Check the space between the bars
25 mm
_ b —2cover — 2@stirrup — n®b - Db = 36 mm
B n—1 - 4
- M.A.S.

3

15



Ex7: for the T-section in figure below, find the reinforcement area if f = 20.7MPa and
fy = 400MPa, span of beam = 6m when (a) M,, = 500kN.m, (b) M,, = 650kN.m, (c)
M,, = 800kN.m,

.
, 430 .

7/

—>
400
L—— 1200 ——p— 1200 —»

LA

Solution

Check the beam dimensions

( by, + 16h; = 400 + 16 X 80 = 1680mm
b. — min 4 b, + s,, = 400 + 800 = 1200mm (control)
=

\ b,,

Check the section and assume, a = hy and ¢ = 0.9

M,y = ¢ [0.85£bshy (d —=L)]=[0.9 x 0.85 x 20 x 1200 x 80 (430 — )| x 107
uf = 572.83kN.m > M, = 500kN.m (Design as rectangular section)
(b) M,, = 650kN.m

5 =572.83kN.m < M,, = 650kN.m (Design as T- section)
0.85f/(bs—by, )h
Ay = (br=bw)hs _

0.85%20(1200-400)X%80 — 2720mm2
fy 400
Myp = ¢Ayf, (d — L) =[0.9 x 2720 x 400 (430 — )| x 1076 = 382kN.m
My = Myyere — My = 650 — 382 = 268kN.m
R = Muw  _ 268x10° = 40262, m= fy _ 400
¢by,d?  0.9x400%x4302

- = = 23.53
0.85f]  0.85x20

p = %(1 - 1= 2;nR> _ 23153 <1 _ \/1 _ 2X23.53%x4.0262
y .

) = 0.01167
400
Ag,= pb,,d=0.01167 X 400 x 430 = 2007mm?

16



As = Agp + Ag,y = 2720 + 2007 = 4727mm?

Ay 4127 LAy 2120
Pw =5 d ™ 2oo0xa30 0.0275 Pr =pod " 200xaz0 0.01581
_ fo_ fue  _ 20 0003 _
Pmax = 0-855; fy €uc+0.004 0.85 x 0.85 x 400 0.003+0.004 0.015482

Puymax = Pmax + py = 0.015482 + 0.01581 = 0.03129
Py = 0.0275 < pyymax = 0.03129 ok

Dmin = ;{E =1 ﬁo =0.002795 > 1f—f = % = 0.0035
P min = 0.0035
Pmin <Pw <Pwymax  OK
Check ¢
= o = Teaoag S1BIMM ¢ == T = 138.9mm
g = %ew = 222X 0.003 = 0.0063 > 0.005  — ¢ =09 ok
Assume @b = 28mm  No.ofbars = :—Z = % = 7.67 = 8 use two layers

_ b —2cover — 2@stirrup — n@b

n—1
_ 400-2Xx40-2X10—4X16
- 3

S

— 627mm > 25 mm, 0b = 28mm,§ M.A.S. ok

(c) M, = 800kN.m,
M, s = 572.83kN.m < M,, = 650kN.m (Design as T- section)

s 0.85f(bs—byw)hs _ 0.85x20(1200—400)X80
sf fy 400

= 2720mm?

Myr = ¢Ayf, (d —2£) =[0.9 x 2720 x 400 (430 — )| x 1076 = 382kN.m

My = Myyere — My = 800 — 382 = 418kN.m

6
_ Muw __ 418x10° o0  om= fy 400

= = = = 23.53
¢by,d?  0.9x400%x4302 0.85f 0.85%20
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p= l<1 - |1- 2mR> == <1 - \/1 - 2X23'53X6'2797> =0.019151
m fy 23.53 400

A= pb,d=0.019151 X 400 x 430 = 3294mm?
As = Agp + A,y = 2720 + 3294 = 6014mm?

Ay 6014 Ay 27120

Pw =5 d ™ 2o0xa30 0.03497 Pr = a = 200xa30 0.01581
_ fo_ fue  _ 20 0003 _

Pmax = 0-855; fy €uc+0.004 0.85 x 0.85 x 400 0.003+0.004 0.015482

Pwymax = Pmax + Py = 0.015482 + 0.01581 = 0.03129
pw = 0.03497 > p,,ymax = 0.03129  No governing
Use one of the following options:

d- Increase flange thickness (hy)

e- Use compression steel reinforcement (doubly reinforced section)
f- Increase the effective depth (d)

Repeat the solution increase the effective depth (d)

Use d=500mm
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