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REINFORCED CONCRETE (RCC) BEAM BEHAVIOR

® When a simply supported plain concrete beam subjected
a vertically downward load it deforms downward.

@ In such a beam, tension is developed at the bottom and
compression is developed at the top.
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REINFORCEID CONCRETE (RCC) BEAM BEHAVIOR

® Plain concrete beams are inefficient as flexural member
because they are weak in tension during bending.

® For this reason, steel reinforcing bars are placed on the
tension side as close to the extreme tension fiber.

@ In such a RCC beam, the tension caused by the bending
moments is chiefly resisted by the steel reinforcement,
while the concrete alone is capable of resisting the
corresponding compression.

l l ——
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RCC BEAM BEHAVIOR

® When the load in a beam is gradually increased from zero
to the magnitude that will cause the beam to fail, several
stages of behavior can be clearly distinguished.

steel
yielding

ULS

3 -Inelastic,

2 cracked

cracking

1 - Elastic, 2 - Elastic,
uncrackecg cracked
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RCC BEAM BEHAVIOR

I ) o
® Stage1 (Stresses Elastic & Section Uncracked):

At low loads, as long as the tensile stress in the concrete
is smaller than the modulus of rupture, the entire
concrete is effective in resisting stress. B

At this stage, all stresses in the concrete are of small
magnitude and are proportional to the strains.
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RCC BEAM BEHAVIOR

@ Stage2 (Elastic & Cracked):

When the load is further increased the tensile strength of
concrete is reached and tension crack is developed.

In a cracked section, concrete does not transmit any
tensile stresses and steel resists the entire tension.

At moderate load, if the concrete stresses do not exceed
approximately f,.'/2, stresses and strains continue to be
proportional. — b —» . ‘
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@ Stage3 (Inelastic & Cracked): -

When the load is further increased, stress and strain rise
correspondingly and no longer proportional.

The resulting nonlinear relation between stresses and
strains is that given by the concrete stress-strain curve.
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@ Stage4 (Failure):
Failure can be caused in one of two ways.

With moderate amount of reinforcement, when steel reach its
yield point, reinforcement stretches a large amount, and the
tension cracks widen visibly and propagate upward, with
simultaneous significant deflection of the beam. This is a

radual failure.
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@ Stage4 (Failure):
Failure can be caused in one of two ways.

If large amount of reinforcement are used, the compressive
strength of concrete may be failed before the steel starts
yielding. Compressive failure of concrete is sudden and

explosive in nature.
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RCC BEAM BEHAVIOR
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STRESSES ELASTIC & SECTION
UNCRACKED

@ As long as the tensile stress in the concrete is smaller than
the modulus of rupture, so that no tension crack
developed, the stress and strain distribution remain linear
as shown in the figure.

@ This beam can be solved by adopting “transformed
section” method, where the actual area of the
reinforcement is replaced with an equivalent concrete
area to nA, located at the level of the steel.
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EXAMPLE 2.1

@ A rectangular beam has the dimensions b = 10 in., h = 25
in., and d = 23 in. and is reinforced with three No. 8 (No.
25) bars so that A, = 2.37 inZ.

® The concrete cylinder strength (f.”) is 4,000 psi, and
tensile strength in bending (modulus of rupture) is 475 psi.
The yield point of the steel (f,) is 60,000 psi. And n = 8.

@ Determine the stresses caused by a bending moment M =

45 ft-kips. [ o—* f.
’J =

F'I-.'
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7,
EXAMPLE 2.1 (SOLUTION) /

®n=EJ/E.=29,000,000 / 3,600,000 = 8 /}/Aﬁf
® (N-1)A, = (8-1) x 2.37 = 16.59 in? s
@ Calculation of the location of the neutral axis of

section: }%/1/(

® From the top,

j_10x25x125+1659x23 ., /
10x25+16.59 | i {n----1},45j
® Moment of inertia: M
~10x25°

| +10%x25x(13.2-12.5)°

|

12

+16.59%(23-13.2)" =14,737 in*
® Moment, M = 45 ft-kips = 540,000 in-lb| |
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EXAMPLE 2.1 (SOLUTION) = ?,

® According to the flexural beam theory, e,
the maximum bending stress occurs at —
the outer fibers and is equal tof ~ Mc €ct for

max
I

® The concrete compression stress at top
iber i 4 13.2 .
fiber iS, ¢ _ 540,000x13 _ 484 psi

i 14737

@ The concrete tension stress at bottom
fiber is,
540,000x(25-13.2 _ s
f, = ( ) =432 psi - Y,
14737 3 No. B {No. 25)
® Which is less than the tensile strength of

the concrete, 475 psi, so no tensile cracks
W]ll form. CE315: Dr M. Jahidul Islam 16




EXAMPLE 2.1 (SOLUTION) — ‘?

® The stress in the steel reinforcement is, éﬁ_& —é

- Ent fa
fs — nT < !

g 540,000 (23-13.2)
14737

= 2873 psi

"3 No. 8 (No. 25)
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STRESSES ELASTIC AND SECTION CRACKED

® When the tensile stresses exceeds the modulus of rupture,
cracks form. If the concrete compressive stress is less
than approximately f./2 and the steel has not yet reached
the yield point, both material behave elastically.

® All the concrete that is stressed in tension is assumed
cracked, and therefore effectively absent.
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STRESSES ELASTIC & SECTION CRACKED

® To compute stresses, the transformed section will be

used. f: ?
Compression force: 7 ] :
Cp— [ bkd %/ "L ¢
2 | ~ )
Tensile force: T = A fS T ja = g X
Taking moment nA; L \
about C gives: Pz a7 A— [ —F -T
| |
— I — I !- b J
M=Tjd =ATf,]d ° N

Taking momfent about ngives:
M =Cjd =Ec-bkdjd :?‘3kjbd2
M The concrete stress is

fszm f—2M

C ik 2
CE315: Dr M. Jahidul Islam kJ bd 20
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STRESSES ELASTIC & SECTION CRACKED

Reinforcement ratio: . F)
A 7 | ? :
L= m //% kd [ ©
/ d | . kd
Expression for k | ja=d=z
and | nA; f ‘
F!f*’ff’fT’ fr’,ﬂ?’*}:a’*}”f’fr’ff v+ = = E -7
— b —l
kz\/(pn)2+2pn—pn () (b)
. K
j=1-—

3
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EXAMPLE 2.2

® A rectangular beam has the dimensions b = 10 in., h = 25
in., and d = 23 in. and is reinforced with three No. 8 (No.
25) bars so that A, = 2.37 inZ.

® The concrete cylinder strength (f.’) is 4000 psi, and tensile
strength in bending (modulus of rupture) is 475 psi. The
yield point of the steel (f,) is 60,000 psi. Given, E; =
29,000 ksi and E, = 3,600 ksi.

@ Determine the stresses caused by a bending moment M =
90 ft-kips.
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EXAMPLE 2.2 (SOLUTION)

@ n=EJ/E.=29,000,000 / 3,600,000 = 8
©A,=3x0.79 =2.37 in?
® Moment, M = 90 ft-kips = 1,080,000 in-lb
® The concrete compression stress at top fiber is,
- 1,080,000x13.2 — 068 psi f :%
14737 e I

® The concrete tension stress at bottom fiber is,
1,080,000x%x(25-13.2 _
f = X( ) =865 psi

i 14737

® Which is greater than the tensile strength of the concrete,
475 psi, so tensile cracks will form and analysis should be
adapted considering cracked section.

"3 No. 8 (No. 25)

CE315: Dr M. Jahidul Islam 23



EXAMPLE 2.2 (SOLUTION)

A 237

L op=—= —0.0103

bd 10x23

© k:\/(pn)2+2pn—pn

— /(0.0103x8)’ +2x0.0103x8 —0.0103x8 = 0.33
kd =0.33x23=7.6 in .

nAg

-

Hr"ff’{ffﬁff?fr’fx’ ] —

®© . K 0.33

f

j=1-—=1-—"2=0.89
3 3

2M . 2x1,080,000 -

| 5 |

c T .- — —
kjbd® © " 0.33x0.89x10x 23

M f 1,080,000

*TAjd T 2.37x0.89x23
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COMPARISON OF UNCRACKED & CRACKED SECTIONS

Description Uncracked Cracked
Section Section

Neutral axis 13.2 in 7.6 1in
Moment 45 ft-kips 90 ft-kips
Concrete compression stress 484 psi 1390 psi
Steel stress 2,873 psi 22,262 psi

0

- | ————n
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2.

3.

shall be neglected in axial
and flexural calculations of
reinforced concrete.

CE315: Dr M. Jahidul Islam

DESIGN ASSUMPTIONS &<, -
*oece £ f = T

Strain in reinforcement and

concrete shall be assumed

directly proportional to the seoe -

distance from the neutral - Sk

axis. i o, Qo) [ '

Maximum usable strain at T

extreme concrete _amatras i L

compression fiber shall be o2 desian maximum, ., - 0.003

assumed equal to ¢, = 0.003. | ! oo

Tensile strength of concrete T am wom e s

‘Comprassive strangt bt (psi)

26



DESIGN ASSUMPTIONS

4.

Stress in reinforcement f; below the yield strength f, shall
be taken as E, times the steel strain g. For strains
greater than f/E;, stress in reinforcement shall be
considered independent of strain and equal to f,.

Relationship between concrete compressive stress
distribution and concrete strain shall be assumed to be
rectangular, trapezoidal, parabolic, or any other shape
that results in prediction of strength in substantial
agreement with results of compressive tests.
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DESIGN ASSUMPTIONS

4, Requirements of the above assumption may
be considered satisfied by an equivalent
rectangular concrete stress distribution

defined as follows: A concrete o |\

stress of 0.85f," shall be sl - | >
assumed uniformly

distributed over an Facorg, —
equivalent ~ compression { | | -

zone bounded by edges of
the cross-section and a KX 1
straight  line  located | |
parallel to the neutral axis 0
at a distance a = f;,c from

the fiber of maximum
compressive strain.

LU B0 12N

Comprassive stength, f; (psi)
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STRESSES INELASTIC & SECTION CRACKED

@ At high loads, close to failure, the distribution of stresses
and strains are no longer elastic distribution.

| ™1 |
I T VO W B W N
I 7 ]

Ex fe

- —
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FLEXURAL STRENGTIH

® The following figure represents the distribution of internal

stresses and strains when the beam is about toMjaail.

c
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s by 0.04 for
every 1,000 psi above 4,000 up to 8,000 psi. For f.” > 8,000
psi, a = 0.560.

©p = 0.425 for f.” < 4000 psi and decreases by 0.025 for
every 1000 psi above 4000 up to 8000 psi. For f.” > 8000
pSi, IB = 0.3255 o i sahicut sam



FLEXURAL STRENGTIH

® For a nominal moment (M,),® For tension yielding of the
the beam will fail either by steel failure, f;=f,.

Tension vyielding of thee For the second mode of
steel failure, it is assumed that
Crushing of the concrete in concrete fail when maximum
the outer compression strain g reaches 0.003.
fiber.

JI.; I:: flfr';bﬂ

!
a z=d-fc L g C = beC

T=Af,

o= F——T = Al

:.F'l'.r.““



FLEXURAL STRENGTIH

® For failure initiated by

W "—;;B_SC - aftbe T
vielding of the tension steel: L ' :

® Distance to the neutral axis: | ¢ d

z=d-Be

Af
C=T=acfhb=Af ..c=—
Of be ___L___E T = Agfy

fs
€, = E_‘w

@ Total compression force on “
concrete: c— AT, pbdly pdf,

C=aflbc afb afb af
® The nominal moment;:

f.d fd f
MnZCZ:afC'bC(d—ﬂc):afC’bp y Ed_ﬂpy ]prybdz[l—ﬂp y

/ / /
af, af, af,

N—

4

C
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FLEXURAL STRENGTIH

® For failure by compression of concrete:
® Distance to the neutral axis:

C=T=oacfb=ATf .c= Al
afb

® The nominal moment;: =
M,=Cz=afbcz=afbc(d-pc) | g‘*f_ﬁ aftbe
M,=Tz=Afz=Af(d-pc) | ¢ d e

® Steel stress:

d-c 3 TIETTIE—f T A
’ d
—C
o Hence, aCld=Ag, c E,
® Solve this quadratic equation for c.

CE315: Dr M. Jahidul Islam 34
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FLEXURAL STRENGTH WL g.ﬁ_ I
Balanced Steel Ratio, p, d repe i

© The balanced steel ratio , |[Zi=— ——»r s —
representmg that amount of Whether or not the steel
reinforcement necessary for )
: : has yielded can be
beam to fail by crashing of determined by combarin
the concrete at the same load y paring

. the actual reinforcement
that causes the steel to yield. ratio with the balanced

® This means concrete reaches | oinforcement ratio, .
its compressive strain, ¢, and
for steel, f, =1,. ¢

o For thiscase, ~ __ % 4 D, = al. &y

g, TE, f, ¢ +e,

CE315: Dr M. Jahidul Islam 35



EXAMPLE 2.3

@ A rectangular beam has the dimensions b = 10 in., h = 25
in., and d = 23 in. and is reinforced with three No. 8 (No.

25) bars so that A, = 2.37 inZ.

® The concrete cylinder strength is f.” is 4,000 psi. The yield
point of the steel f, is 60,000 psi. Given, E; = 29,000 ksi
and E. = 3,600 ksi. Also ¢, = 0.003 and ¢, = 0.002

® Determine the nominal moment M, at which the beam will
fail.
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EXAMPLE 2.3 (SOLUTION)

® Given: b=101in., h=251in., and d = 23 in. and A, = 2.37 inZ.
® f.” = 4,000 psi, f, = 60,000 psi.

® Actual reinforcement ratio:
2.37
p= A _ 23T 60103
® Balanced reinforcement ratio: bd  10%23
b = afl & b = 0.72x4,000 0003 . =0.0284
fy g, +&, 60,000 0.003+0.002

® Nominal moment: :pfybd2[1_0_59p_fy
n f,

C

® Since, p < p,, the beam will fail in tension b;j yielding of the steel.

= 0.103x 60,000x10x 237 (1—0.59 O'0103><60,000j

4,000
— 2,971,214 in-Ib = 248 ft-kips
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DESIGN OF TENSION-REINFORCED BEAMS

® The nominal strength of a proposed member is
calculated, based on the best current knowledge of
member and material behavior.

® This nominal strength is modified by a strength reduction
factor ¢, less than unity, to obtain the design strength.

® Thus reinforced concrete members are proportioned so
that,
M, <gM_
V, <

® Where the subscripts n denote the nominal strengths in
flexural and shear respectively, and the subscript u denote
the factored load moment and shear.

CE315: Dr M. Jahidul Islam 38
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EQUIVALENT RECTANGULAR STRESS DISTRIBUTION

@ In this case, the actual stress distribution is replaced by an
equivalent simple rectangular outline.

® The intensity of stress is yf.” of this equivalent constant
stress and its depth, a=p,c.

® Note that,,, _  C_ & —
7/—055—— 181 218 C:]/fclab
S i -
| ?L’“‘ =
C =af.ch 2 - C = yfiab
&= = N =N Mn=T(d—3j
I 2
a
fa M, - At (d-2]
% - R - 2
T = A,f, T= A.f
Actual

Equivalent
(a) (b) 39



EQUIVALENT RECTANGULAR
STRESS DISTRIBUTION

B, =0.85—0.05—

f'—4000

1000

and 0.65< 3 <0.85

06 |
0.858,

04 F

0.2

0.0 4
0

f.’, psi
<4000 | 5000 6000 7000 [ =8000
o 0.72 0.68 0.64 0.60 0.56
B 0.425 | 0.400 | 0.375 | 0.350 | 0.325
B,=2B 0.85 0.80 0.75 0.70 0.65
=0/, 0.85 0.85 0.85 0.86 0.86

oncrele strength {ksi)




BALANCED STRAIN CONDITION

® At balance failure, the steel strain = ¢ and the strain in
the concrete, ¢, = 0.003.

® Balanced reinforcement ratio can be calculated from the

equilibrium requirement, C =T. ’( r;—rfﬁ—q )
p,f,bd = 0.85f/ab = 0.85, b =0
ﬁi l% C= yf.ab
f ’ gu C = &y d H S I
o, =0. 85,6’ g, te,
y €0 TE,
® For, E—— —
gu - 0003 Equivalent ue
' L)
f f/ 87,000
& g, = Y IOb 2085181 <

y 29)(106 fy 87,000+ fy
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UNDER-REINFORCED BEAMS

® A compression failure gives little if any warning of distress,
while a tension failure typically is gradual.

® With gradual failure observing large deflections and
widening of concrete cracks associated with yielding of the
steel reinforcement it is possible to take measures to avoid
total collapse.

® Because of that, it is prudent to design beams in such a
way that failure, if it occurs, will be by yielding of the
steel, not by crushing of the concrete.

@ This can be achieved by requiring that the reinforcement
ratio, p be less than the balanced ratio, p,.

£/ 87,000
—0.85/3, &
P = OSSP 5T 000+ 1,

CE315: Dr M. Jahidul Islam 42




ACI CODE PROVISIONS

@ To ensure underreinforced behavior, ACl Code provides the
maximum reinforcement ratio for beams with net tensile

strain & = 0.004: 0 =0.854, . &
’ f & +
p. =0854 = r T
fy &, +0.004 E_Tfl;;_ﬂ |
® For underreinforced concrete, f; =1, T :[ 2
¢ LF l ——— C-yhab
a T
Mn:A\sfy d—E /Ag:pbd
5P S — b
a= AS T — T.--ﬂﬁf:
085 fcb Equivalent

-
)
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a
ACI CODE PROVISIONS M, =Asfy[d—§j

a= Al
® Substituting a into M, we have, 0.85fD
f bdf, = pbd
M, = AT [d-2 20 |- gt [g -1 2 A=p
20.85fb y 2085f’b
Pl 2 Ml
M, = pf,|1-059— bd” = Rbd I TE 2 pe
C c J’F L C = yfiab
f | R
R=pf, (1—0.59%] T
f.ﬁ‘
S — -
T = Adf

Equivalent

CE315: Dr M. Jahidul Islam o)



ACI CODE PROVISIONS R=pf [1-05920
.I:I

C

@ The flexural resistance factor R depends only on the
reinforcement ratio and the strength of the materials and
is easily tabulated (Table A.5a and A.5b of Appendix A).

: Psi . Psi

3000 4000 5000 6000 3000 4000 5000 6000
(.05 20 20 20 20 30 kil 30 30
0,00 ) 40y 40 40 40 a4 54 Gl &)
0.0015 54 49 B 6l b By B4 84
0.00F20 74 TG 74 79 117 118 MR 1o
00025 b a5 Y Q99 146 147 47 148
0.0030 117 18 1is L9 174 175 | 76 177
0.0035 136 137 138 | 38 201 204 205 20
(r, 000 155 156 157 157 229 232 233 234
0.0045 174 75 176 L7 256 254 261 263
(L0050 192 194 195 |96 252 2587 289 20
0.0055 211 213 214 215 309 314 317 319
(.00 229 232 233 234 335 341 345 M7
0.0065 247 250 232 253 lel 368 372 373
(0,070 265 208 271 272 383 34 399 403
0.0073 28 287 289 291 410 420 126 430



ACI CODE PROVISIONS

® The ACI Code encourages the use of lower reinforcement
ratios.

® A tension-controlled member as one with a net tensile
strain greater than or equal to 0.005.

® The corresponding strength reduction factor is ¢ = 0.9.

® A compression-controlled member as having a net tensile
strain of less than 0.002 and the corresponding reduction
factor is 0.65 (0.75 for spirally reinforced members).

@ The strength reduction factor varies linearly.

CE315: Dr M. Jahidul Islam 46



AC| CODE PROVISIONS

¢ Rq‘: = 0.75 + (g - 0.002)(50)
0.90 \ ~
0.75 L—=Pral __
= 0.65+(g,-0.002)(250/3
0.65—— ¢ (& ) )
Compression e Tension
controlled——___ . Transition | controlled
-
&= 0.002 &= 0.005
c _ c_
a4 0.600 d, 0.375

Interpolation on c/dy: Spiral ¢ = 0.75+0.15[(1/e/d;)-(5/3)]
Other ¢ = 0.65+0.25[(1/e/d;)-(5/3)]

Fig. R9.3.2—Variation of ¢ with net tensile strain in extreme
tension steel, g, and c/d; for Grade 60 reinforcement and
for prestressing steel.



ACI CODE PROVISIONS
® The design strength:

¢Mn :¢As 1cy (d _%j

pf,

¢M N ¢IO fy (1— 0.59 T/

M = $Rbd?



MINIMUM REINFORCEMENT RATIO 1 T
1.6 f! h i
@ For a rectangular section: As,min = f ~bd l
y L[ Ag
2.7, 5
@ For T-beam (compression in flange): As,min = : de
y [ D ™
@ For T-beam (tension in flange): A= 6'2f fe b, d fff’}fff'}% o
’ iy
y
® According to ACI Code (for any section): ;’/
]
/
A _8JfS . 2000, b
,min _I: W f
y y

@ According to ACI Code 10.5, the requirement of above equation need
not be imposed if, at every section, the area of tensile reinforcement
provided is at least one-third greater than the required by analysis.
Specially applicable for grade beams, where the usual equations may

require excessive amounts of steel.
CE315: Dr M. Jahidul Islam 49



RECTANGULAR BEAM ANALYSIS AND DESIGN

Flexural beam problem can be broadly classified as:

® Analysis problem

In this problem, the section dimensions, reinforcement,
and material strengths are known.

The moment capacity is required.
® Design problem

In this case, the required moment capacity is given, as
are the material strengths.

It is required to find the section dimensions and
reinforcement.

CE315: Dr M. Jahidul Islam 50



EXAMPLE 2.4

® A rectangular beam has width 12 in. and effective depth
17.5 in. It is reinforced with four No. 9 (No. 29) bars in one
row. If f, = 60,000 psi and f." = 4000 psi, what is the
nominal flexural strength, and what is the maximum
moment that can be utilized in design, according to the
ACI Code?

® Solution:
® Area of four No. 9 bars, A, =4 x 1.00 = 4.00 inZ.
® Now, the actual reinforcement ratio,

4.00
0= A =0.019
. . : bd 12x17.5
® Maximum re]mforcement ratio, 1000 0.003
p =0858-C— 4 _085x0.85 ' —0.0206
s f, &, +0.004 60000 0.003 + 0.004

® Since, p < p..., thisis an under-reinforced beam.
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?_ R@& = 0.75 + (g - 0.002)(50)

EXAMPLE 2.4 (SOLUTION) "

f 0.65
g AT,  4.00x60000 _583 i

® 7 085fb 0.85x4000x12 = :
©® Nominal moment, £=0.002 &= 0.005

(&:-0.002)(250/3)

Tension
_ controlled

M, =Af, (d —%) — 4.00x60, 000(17.5—5'—58j —3490,000 in-Ib = 3490 in-kip
® Depth of N.A.: c=a/f =5.88/0.85=6.92
. . d-c 17.5-6.92
® Net tensile strain: & =&, =0.003x 590 =0.00459

C

@ The strength reduction factor:
, ¢ =0.65+(0.00459—0.002)(250/3) = 0.87
@ Now, design moment,

¢M  =0.87x3,490 = 3,036 in-kip
® Check: , =0.0206 > p

m

NEX
o Jf/ 200 _3/4000 200 _ oo <p
f, ~ f, 60,000 ~ 60,000
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EXAMPLE 2.5 (DESIGN PROBLEM)

® Find the cross section of concrete and area of steel
required for a simply supported rectangular beam with a
span of 15ft that is to carry a computed dead load of 1.27
kips/ft and service live load of 2.15 kips/ft. Material
strengths are f, = 60,000 psi and f.” = 4000 psi.

® Solution:
® Factored load, w, =1.2x1.27 + 1.6 X 2.15 = 4.96 kips/ft.

® Factored moment,
M =%qu2 = %><4.96><152 =139.5 ft-kips =1674 in-kips

u

® Maximum reinforcement ratio,

p =0.858 fo_ & _g5x0g52000 0008 06
e f, &,+0.004 60000 0.003 +0.004
3/f’
0= > 299 _ 4 0033
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EXAMPLE 2.5 (DESIGN PROBLEM)

@ Consider reinforcement ratio (for ¢ = 0.005),

f’
p=085p-c— % _0g5x085 00 0003 54149

f, & +0.005 60000 0.003+0.005

@ Setting the required flexural strength equal to the design
strength, f
M, =¢M_ ¢Mn=¢pfy(1—o.59pf,yjbd2

c

bd?

1674 = 0.9x0.0181x 60 (1— 0.59 2:0181x 60)

bd* = 2040 in®
® For a beam with, b =10 in
@d=14.31n

® Assuming 2.5 in concrete cover from the centroid of the
bars, the required total depth ish =14.3 + 2.5 =16.8 in.



EXAMPLE 2.5 (DESIGN PROBLEM)

® The required steel area,

A = pbd =0.0181x10x14.3=2.59 in?

® Two No. 10 bars provide A, = 2.54 in? and is very close to
the required area.

® However, the concrete dimensions b and h are always
rounded upward to the nearest inch, and often to the
nearest multiple of 2 inch.

® Hence, for the present problem, b = 10 in and h = 18 in.
®@S0,d=h-25=18-2.5=15.51n.

® With the increment of the concrete proportion, steel
requirement will be less, and calculated based on the
actual effective depth (d = 15.5 in).
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EXAMPLE 2.5 (DESIGN PROBLEM)

® Setting the required flexural strength equal to the design

strength, 9
Mu :¢Mn =¢A\S fy (d —Ej

® Assume, a = 5 in. 5
1674 =0.9x A, x60 15.5—§j

A =2.38in?
@ Checking the assumed a:
Af, ~ 2.38x60

0.85fb  0.85x4x10

® Which is close enough to the assumed value that no
further trial is need.

® Now, three No. 8 bars with (A, = 2.37 in?) can be used.
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VARIATION OF STRENGTH REDUCTION FACTOR

@ The ACI Code encourage the use of lower reinforcement
ratios by allowing higher strength reduction factors in
beams.

® The Code defmes for €, = 0.005, ® = 0.9.

E For spiral: ¢ =0.75+ (¢, —0.002)(50
o =085 ,31 u piral: ¢ (& )(50)
> &, + For other: ¢ = 0.65+ (&, —0.002)(250/3)
¢ {4 =075 + (5~ 0.002)(50)
0.90 =
0.75 | Spiral ___
= 0.65+(g,-0.002)(250/3
0.65 —— ¢ (& ) )
Compression l Tension
controlled——_ | Transiton | _controlled
-

| &= 0.002 & =0.005



DESIGN AIDS

@ In practice, the desigh of beams and other reinforced
concrete members is greatly facilitated by the use of aids.

@ For design purposes, where concrete dimensions and
reinforcement are to be found and the factored load
moment M, is to be resisted, there are two possible
approaches:

One starts with selecting the optimum reinforcement
ratio, and then calculating concrete dimensions.

The alternative approach starts with selecting concrete
dimensions, after which the required reinforcement is
found.
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DESIGN AIDS (FIRST APPROACH)

1.

Set the required strength M, equal to the design strength ¢M..
pof
2 _ . y

C
With the aid for Table A.4, select an appropriate reinforcement ratio
between p.., and p;,. For practical purpose use, p = 0.6p,,-
Selection of p <pfor g = 0.005 assures that ¢ = 0.90. For p <p,,, and
for p for ¢ = 0.005, an iterative solution will be necessary.

$ = 0.65+ (& —0.002)(250/3)

From table A.5 for a selected p in second step chooses value of R for

a given /7 and f,. Now calculate, hd? — M,

¢R
Choose b and d. Unless otherwise restricted, d ~ 2 to 3 times b.
Calculate required steel area, A = phd

Then from Table A.1, A.2 and A.7 find size, number of bars and
spacing.
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DESIGN AIDS (SECOND APPROACH)

1. Select beam width b and effective depth d. Then
calculate the required R:
M

u

#bd’?

2. From Table A.5 for a given f”, and f,, find the
reinforcement ratio between p <p_., that will provide
the required value of R and verify the selected value of

& $=0.65+(g —0.002)(250/3)
A = pbd

3. Calculate required steel area,

4. Then from Table A.1, A.2 and A.7 find size, number of
bars and spacing.
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EXAMPLE - 24

@ Using the concrete dimensions, b =10in, d =17.51in, and h = 20

in, and material strengths are f, = 60,000 psi and f,’ = 4000 psi, find
the steel area required to resist a moment Mu of 1,300 in-kips.
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CONCRETE PROTECTION FOR REINFORCEMENT

@ To provide the steel with adequate concrete protection
against fire and corrosion, the designer must maintain a
certain minimum thickness of concrete cover outside the
outermost steel.

115" min. - b
; — l Mo. 3 (MNo. 10) stirrups
1" min. i
2 | |- Bars
9 Nos. 4 to 10 | + !
T (Mos. 10 to 32) —F Lc- =
Erﬂ T TEI" 1
= , = min.
_"I'___l__ - i . ,l, y T ( !
1= min.
! i ' i 2 Bars
5 Mo, 3 or No. 4
23 (No. 10 or No. 13)

(a) Beam with stirrups (b) Slab



CONCRETE PROTECTION FOR REINFORCEMENT

@ To provide the steel with adequate concrete protection
against fire and corrosion, the designer must maintain a
certain minimum thickness of concrete cover outside the
outermost steel.

@ Cover:
At least 3% inch for slabs and walls.
At least 172 inch for beams and columns.

If the concrete is exposed to weather or in contact with

ground, a protective measure of at least 2 inch is
required.

If the concrete is in contact with ground without the

use of forms, a protective measure of at least 3 inch is
required.
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SELECTION OF BARS AND BAR SPACING

® The common reinforcing bar sizes range from No. 3 to No. 11.

@ The two larger sizes, No. 14 & No. 18 are used mainly in
columns.

@ It is often desirable to mix bar sizes to meet steel area
requirements more closely, but they have to of comparable
diameter.

@ It is necessary to maintain a certain minimum distance between
the adjacent bars to ensure proper placement of concrete
around them.

ACI Code 7.6 specifies that the minimum clear distance
between adjacent bars shall not be less than the bars
diameter or 1 inch.

For two or more layers of beam reinforcement, the clear
distance between layers must not be less than 1 inch, and the
bars in the upper layer should be placed directly above those
in the bOttOE’ﬂﬁLaMthidul Islam 64
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