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The assumptions which are used in this method:

1- Stress In reinforcement varies linearly with strain up to the specified yield strength. The
stress remains constant beyond this point as strains continue increasing. This implies that
the strain hardening of steel 1s 1ignored.

2- Concrete sections are considered to have reached their flexural capacities when they
develop 0.003 stramn n the extreme compression fiber.

3- Strains in reinforcement and concrete are directly proportional to the distance
from neutral axis. This implies that the variation of strains across the section 1s linear, and
unknown values can be computed from the known values of strain through a linear
relationship.

4- Tensile strength of concrete 1s neglected.

5- Compressive stress distribution of concrete can be represented by the corresponding
stress-strain relationship of concrete.

Safety Factors: S.F.

a- S.F. = Max. Stress / Allowable Stress (W.S.D.M)
b- S.F.=Max Load / Service Load (S.D.M)

Load Factors:

U=12D+16L

U=12D+ 1.6 L+0.5 (Lr or S or R)
U=12D+1.6IrorSorR)+ (1.0 Lor 0.5 W)
U=12D+1.0W+1.0L+0.5 (Lr or S or R)

D: Dead Load, L: Live Load, W: Wind Load, S: Snow Load, Lr: Roof Load, R: Rain Loaf.
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Strength Reduction Factors:

* Tension ........ 3=-09 P Mu=0Mn

Mu: Ultimate moment capacity.

Mn: Nominal (Actual) moment capacity.

* Shear, Torsion ............ (=075 C———p Vu=-0Vn
Vu: Ultimate shear capacity.

Vn: Nominal shear capacity.

* Compression:

a- ) = 0.70 for spiral reinforced member like column.
b- @ = 0.65 for other reinforced member like column.

Stress and Strain Distribution:

Resultant of concrete compressive force :
C=fav.b.c

Where:

fav: average compressive stress.

b: the width of section.

c: the depth of Neutral Axis.
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Stress Distribution Equivalent S.D. Strain Diagram
Diagram Diagram
C=afc’bc

Where:

avaerage concrtet stress

a = .
concrete compressive stress

The location of the resultant 1s usually represented by PBc.
Where:

_ compressive resultant depth
N.A.depth

a: .72 for fc’ <30 MPa

a: decreased by (0.04) for every (7 MPa) increasing in compressive strength of

concrete.

a: Value must not be less than (0.56).

P 0.425 for fc’< 30MPa
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- decreased by (0.025) for every (7 MPa) increasing in compressive strength of
concrete.

A value must be less than (0.325).

- [ y fc'=0.85fc

A A a2 C= ‘b
CI C a=1 il g L
d =V 5 :

h
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Stress Distribution Equivalent S.D. Strain Diagram
Diagram Diagram

Equivalent rectangular stress block 1s used for analysis of reinforced concrete
sections:

C=afc’bc=yfc’ab.....

/2= L .C  rreeenn. a=2(/f .0

alc’be=yflfc’ab =y=acla =y=a cl2(fc) =
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y=al2(412) = y=alp1l... )

From the above equation and from the value of (&, y) we can find the value of ( £1, y):
L1=2 F ... £1=2*0.425=0.85

y=(a/B1) =(0.72/0.85) = 0.85 .... (5)

/1= 10.85 for fc’ <30 MPa,

A 1: decreased by (0.05) for every (7 MPa) increasing in compressive strength of concrete.
/2 1: value must not be less than (0.65).

£1=0.85-[0.05(fc’-30)/7]

Analysis and Design of Singly Reinforced Rectangular Beam:

a- Balance or Under Remforced.
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b- Over Reinforced Beam:
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Design by Ultimate Design Method:

I- The design of R.C. members means finding the adequate dimensions for these
members and the remforcement magnitude to enable the member to withstand
maximum loads applied on 1t safety.

2- Sometime, all dimensions or some of them are determined by architectures.

3- Complete design for the beam requires determine the shear reinforcement, torsion
reinforcement and check deflections; check development lengths and points of cuts or
bend of steel reinforcement. All these details must be put on the beam sketch or
diagram.
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Ex.: Design the beam shown for the Pr=3KN Pp=3KN

following data: om 2m om

£’ = 90 N/mm2 and £~ 300 N/mm2 5 g —
WL~ 6 KN/tn and WD= 19 KN/m MH PYYYYYYYYYVYYYY
N

yc =24 KN/m3

Wself + WL+ WD

Solution:

1- Find Moment (Mu):
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Table (3) : pmin and pyax values

fy é ﬂl Pb Pmax Pt 1-41 ‘/—Z
/ (Mpa) pmm""T Pmin = ——
(Mpa) P y 4fy
300 20 | 0.85 ] 0.0321 | 0.0206 | 0.018 | 00047 0.0037
25 | 0.85 | 0.0401 | 0.0258 | .0226 | 0.0047 0.0042
30 | 0.85 | 0.0482 | 0.031 | 00271 | 0.0047 0.0046
35 | 0814 ] 0.0538 | 0.0346 | .0303 | 0.0047 4
40 |0.779| 0588 | 0.0378 | .0331 | 0.0047 0.0053
350 20 | 085 | 0.0261 [ 0.0177 | 0155 | 0.004 0.0032
25 | 0.85 | 0.0326 | 0.0221 | 0.0193 | 0.004 0.0036
30 | 0.85 | 0.0391 [ 0.0265 | 0.0232 | 0.004 0.0039
35 | 0814 |0.0437 | 0.0296 | 0.0259 | 0.004 0.0042
40 |0.779 | 0.0478 | 0.0324 | 0.0284 | 0.004 0.0045
400 20 | 0.85 | 0.0217 [ 0.0155 | 0.0)36 | 0,0035 0.0028.
25 | 085 | 0.0271 [ 0.0194 | 0017 | 0.0035 0.0031
30 | 0.85 | 0.0325 | 0.0232 | 0.0203 | 0.0035 0.0034
35 |03814 00363 | 0026 | 0.0228 | 0.0035 0.0036
40 [0.7791 0.0397 | 0.0284 | 0.0249 | 0.0035 0.0039
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BEAM BENDING
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