Limitations on Reinforcement Ratio
for Doubly Reinforced beams

Lower limit on p (ACI 10.5)
same as for single reinforce beams.
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Example: Doubly Reinforced Section

Given: o : -
f*.= 4000 psi f, = 60 ksi N |
A, =2#5A, =4 #T - |
d’=25In.d=1551n &

h=18in. b =12 in. T teeeer

Calculate M_ for the section for the given
compression steel.



Example: Doubly Reinforced Section

Compute the reinforcement coefficients, the
area of the bars #7 (0.6 in?) and #5 (0.31 in?)
A =4(0.6in’)=24in’
A =2(0.31in*)=0.62 in’
_A 2.4 in?
bd (12in.)(15.5in.)

,_ A 062in°
bd (12in.)(15.5in.)

=0.0129

yo,

=0.0033

yo,



Example: Doubly Reinforced Section

Compute the effective reinforcement ratio and
minimum p

o = p—p'=0.0129-0.0033 = 0.00957

31/ J
p=200_ 29 _ 400333 0r _ VA _ 00316
f, 60000 f, 60000

p>p = 0.0129 > 0.00333 OK!



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the effective reinforcement ratio and
minimum p

(p-p')> £,(0.85f))d’ 87000
PEP)EI T, )| 870001,

Z[O.85(0.85(4k5i))(2.5 in.)]( 87 j

N N0
V.UOJ

@00

60 ksi(15.5 in.) 87 — 60

0.00957 X% 0.0398 Compression steel has not
yielded.



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the effective reinforcement ratio and
minimum p
o (0.85 fc’)d’

(p—p')d fy
) 0.85(0.85(4 ksi))(2.5 in.)
o [1_ (0.00957)(15.5 in.)(60 ksi)

f/=29 x 10° (1— )0.003

) =16.37 ksi

Use an iterative technique to find f’,



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the iterative values (1)
_Af,—A'f) (241in)(60 ksi)—(0.62 in” ) (16.37 ksi)

0.85f_Sb 0.85(4 ksi)(0.85)(12 in.)

c=3.861In.

fI_E /=90 v 1N6 (1 d')n NnN2 _ Q7| 1 (25 m)

.= C.E—ZLIXLIU | L— |U.UUO=0/| 1—

o C (3.86in.)
= 30.65 ksi

Use an iterative technique to find f’,



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the iterative values (2)
_Af,—A'f) (241in)(60 ksi)—(0.62 in” ) (30.65 ksi)

0.85f b 0.85(4 ksi)(0.85)(12 in.)
c =3.604 In.
fI_E /=90 v 1N6 (1 d’jn NnN2 _ Q7| 1 (25 m)
[ = |:S"S —£ZI X 1U [1— [U.UUo =0/ | 1— -
C (3.604 in.)
= 26.66 Ksi

Use an iterative technique to find f’,



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the iterative values (2)
_Af,—A'f) (241in)(60 ksi)—(0.62 in” ) (30.66 ksi)

0.85f sb 0.85(4 ksi)(0.85)(12 in.)
c=3.676In.
fI_E ~'=9Q v 1N6 (1 d’jn NnN2 _ Q7| 1 (25 m)
[ = |:S"S —£ZI X 1U [1— [U.UUo =0/ | 1— -
C (3.676 in.)
= 27.82 Ksi

Use an iterative technique to find f’,



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the iterative values (etc)
_Af,—A'f) (241in)(60 ksi)—(0.62 in” ) (27.49 ksi)

0.85f b 0.85(4 ksi)(0.85)(12 in.)
c =3.66 In.
fI_E /=90 v 1N6 (1 d’jn NnN2 _ Q7| 1 (25 m)
[ = |:S"S —£ZI X 1U [1— [U.UUo =0/ | 1— -
C (3.66 in.)
=27.57 ksi

Use f°.=27.56 ksi c=3.66 In



‘Ihmn A. A'n A.ﬁﬂn AA 'An

CAXalliJic. L/ULIUI_}/ mcrrnoreed oceliivri

Compute the moment capacity of the beam

:(Asfy—As'fS')(d—%)Jr&'fs'(d—d’)

= ((2.4in?)(60 ksi)—(0.62 in? ) (27.56 ksi))(lS.S i, 2B (366 in')j

NEeYin2\(D7 Ea | 1 £ & NE
+(U.UL in )(Ll .00 ISI)(J.J JIN.— 2.0 |ﬂ.)

=1991.9 k-in.= 166 k- ft



