Design of
Single Reinforced
Rectangular Beam Sections

(Design of SRRS)

By: Dr. Majed Ashoor



Before getting into design it is good to introduce the following new three terms or definitions:

Asf,= 085flab (1)

M, = A fy (d — g) (2)

(=)
g, = 0.003 3)

C




As an example of usefulness of the above (dash equations) we can calculate pb and
pmax for (fy=420MPa) by substituting €s=0.002 and €s=0.005 in eq.(3’) respectively:

3 d
pp = —'8—1 L for fy =420 MPa because €y = 0.002
5m\d
3 d
Pmax = 5% (i) for all Cases

Or in design problems we can start estimating the As by assuming €5=0.007 to stay in
Tension Control Zone so:

_3p (4
Pstart 10m\d

Design problems will mainly depend on eq.(2’)

M 1 ,
Rn:b_dr;:pfy (1_2pm) (2°)



Table 9.3.1.1—Minimum depth of nonprestressed

beams

Support condition

Minimum 4™

Simply supported

€16

One end continuous

{/18.5

Both ends continuous

€21

Cantilever

{/8




Ex1: Find the necessary reinforcement for a given section that has a width of 250mm and total depth
of 500mm, if it is subjected to a factored moment of 180kN.m. Given f’c=21Mpa, fy=375MPa.

Iy 375 0.001875
E., = = = U.
Y 7 E,~ 200000
375
m Iy = 21.0

T 085f 085x21

v =280 00k
n=09 b

Assume one layer of reinforcement
d=h—-—65=500—-65=435mm

M,
fn = pa2
200 x 10°

= 4.227

R =
™ 250 x 4352




1 . . 2 X 21X%X4.227 0013
P=51 375 -
_3h (de
pmax 8m d
—3X0'85(1)—00151>0013(kT ' trol)
'Dmax_8><21.0 = 0. : Ok I'ension contro

Ag = pbd = 0.013 X 250 X 435 = 1413.75 mm?

Try @25->Ab=490 mm?

_As_ 141375
Y T-T




Use 3 @25

ASprovided = 3 X 490 = 1470 mm?

1470
Pprovided = 3505 735 = 0-0135 < 0.0151 (ok T.C) / 2 mm
Lt _ 14 0.00373 < 0.0135 ( k)
min — — = U. . 0
,0 fy 375 Smin — db = 25

Check for bar spacing:

I
250 — 100 — 3 x 25
s = > = 37.5 > 26.66 (0k)
, 1 d=435
M, =p f, bd 1—§pm 500
1

M, = 0.0135 x 375 x 250 x 4354 (1 — 5% 0.0135 X 21.0) = 205.54kN.m 3025

0 0 O
1

M, = @ M, = 0.9 x 205.54 = 184.98 kN.m > 180 (0K)




Ex2: Design a rectangular section to resist a factored moment of 300kN.m. Given f'c=28MPa,
and fy=420MPa.

M, 300
M, =—%="""—133333kN.
"= T 09 m

_f, 420
~ 0.85f/ 0.85x 28

m = 17.647

Start with p depending on €5=0.007 and assuming one layer of reinforcement:
_ 3 By (dy
pStaT't 10 m d

_(2)085 (1) = 0.0144
Pstart =\ 70 )17.647 7 =

1
Rn=0pfy (1 _Epm>




1
R, = 0.0144 X 420 (1 —5 X 0.0144 X 17.647) = 5.277

" bd?

57y _ 333:33 X 10°
ST ba?

bd? = 63166571.92 mm?3

Ry

Assume b to get d:

b 1 d | db
502.66 2.01
458.86 1.529
424.82 1.213

A; = pbd = 0.0144 x 300 x 460 = 1987.2 mm?

Try $22->Ab=380

_19872 _
"=7380




Use 622 in two layers:
ASprovided = 6 X 380 = 2280 mm?

2280
ppT'O‘Uided - 300 X 4‘60

_3h (4
pmax 8 m d

) = 0.0192 > 0.0165 (0k T.C)

= 0.0165

==X X
Pmax =g * 77647 * \ 260

14 14

. —_— —_ i = R . 1
pmin == 30 0.00333 < 0.0165 (ok)

3 085 (489

h=d+90 =460+ 90 = 550 mm

~ 300 —-100 -3 x 22

s = > = 67 > 26.66 (0k)

2
M, =0 M, =09 x375.87 =338.283 kN.m > 300 (OK)

1
M, = 0.0165 X 420 x 300 x 4602 (1 — =% 0.0165 x 17.647) = 375.87 kN.m




Thank you...
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