ecture 10 - Flexure



L ecture Goals

e Doubly Reinforced beams



Analysis of Doubly Reinforced
Sections

Effect of Compression Reinforcement on the Strength
and Behavior -

Less concrete Is needed to resist % fi?mj‘_ eme
the T and thereby moving the I %//% L w S
neutral axis (NA) up. i Y ___Z__ _

T=Af, L S
C=T [




Analysis of Doubly Reinforced
Sections

Effect of Compression Reinforcement on the Strength

and Behavior H‘:

Singly Reinforced = N % I ‘EZO‘O?;_ *

Doubly Reinforced =

C=C, +C! ;Mn:ASfy[

and (a, <a,)




Reasons for Providing
Compression Reinforcement

* Reduced sustained load deflections.
— Creep of concrete In compression zone
— transfer load to compression steel
— reduced stress In concrete
— less creep
— less sustained load deflection



Reasons for Providing Compression

Reinforcement
Effective of compression T g
- - | ]
reinforcement on sustained A= "
load deflections. .
2: 6 p’? =0
: e | C
Fig 5-14 MacGregor 5 4 - .
g 5 /’j: Sustained IIoad deflec?ion p' = p
& Initial elastic deflection
g |

o

120 days 240 days 2 years
Time



Reasons for Providing Compression
Reinforcement

 Increased Ductility

reduced stress block depth —— increase
In steel strain larger curvature are obtained.



Reasons for Providing Compression

Reinforcement
Effect of compression
reinforcement on "
strength and ductility | g e
of under reinforced /ﬂ__/__fp,_o p =05
beams. o M
P < Pp o
0

0 20 4.0 6.0 8.0
¢h (%)

Fig 5-15 MacGregor



Reasons for Providing Compression
Reinforcement

e Change failure mode from compression to
tension. When p > p,,;, addition of As
strengthens.

Compression zone — allows tension steel to
yield before crushing of concrete.

Effective reinforcement ratio = (p — p’)



Reasons for Providing Compression
Reinforcement

» Eases in Fabrication
use corner bars to hold & anchor stirrups.
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Compare the strain distribution in two beams
with the same A, L
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B . . N
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Effect of Compre.

< Y i

sion Relinforcement

Section 1: Section 2:
T =ATf,
T:Ast T:Cs’+Ccl
T :CCl 2085 fC’ ba:OSS fC’ bﬂlcl — A\S’f’+0.85f,ba2
= AT, = A'f/+0.85f bpc,

0.85f/bs At

1 c, = AT AT

0.85f/bp,

Addition of A’, strengthens compression zone so that less concrete

IS needed to resist a given value of
g, INCreases (e, >&).

T.—— NAgoes up (c, <c,) and



Four Possible Modes of Failure

« Under reinforced Failure
— (Case 1) Compression and tension steel yields
— (Case 2 ) Only tension steel yields

o Over reinforced Failure

— ( Case 3) Only compression steel yields
— (Case 4 ) No yielding Concrete crushes



Analysis of Doubly Reinforced
Rectangular Sections

Strain Compatibility Check
Assume g.” using similar
triangles

6, 0003
(c-d") ¢
(c—d")*0.003

&, =

C

e o0 o




Analysis of Doubly Reinforced

Rectangular Sections
Strain Compatibility

Using equilibrium and find a

As - A%’) fy
0.85f b

-2 _(AA)E _(p=p)df,

B, p.(0.85fb) B (0.85f))

T:Cé+CS’:a:(




Analysis of Doubly Reinforced
Rectangular Sections
Strain Compatibility

The strain In the compression

steel IS

’_
=

.

\

1—d—j Eqy
C

,(0.85f/)d""

(p=p)df,,

0.003




Analysis of Doubly Reinforced
Rectangular Sections

Strain Compatibility
Confirm

/ fy .
gszgy:E—s, E 2 &,

( ,_ (085 f/)d"

. (p-p)df,




Analysis of Doubly Reinforced
Rectangular Sections
Strain Compatibility

Confirm

p,(0.851,)d’ _ f, ~87000

(p—p')df, 87000

(p=p')=

(5,(0.85f/)d""

(87000

\ dfy y,

87000 f,



Analysis of Doubly Reinforced
Rectangular Sections

If the statement Is true than

M, =(A-A) fy(d —%j+pgfy(d —d')

else the strain in the compression steel

f. =Eg,



Analysis of Doubly Reinforced
Rectangular Sections

Strain

Compute the stress in the compression
steel.

f/=29 x 10° /1 A (0851)d"
. (p-p)df,

0.003




Analysis of Doubly Reinforced
Rectangular Sections

Go back and calculate the equilibrium with f.’

f AT
T =Cé+C5’:>a:(AS A )
0.85f b
N Iterate until the ¢ value is
B adjusted for the f.’

fl= (1— d—jsmoo
C



Analysis of Doubly Reinforced
Rectangular Sections

Go back and calculate the moment capacity of the
beam

M :(Asfy—AS’fs’)(d —%j+pgfs'(d —d')



Limitations on Reinforcement Ratio
for Doubly Reinforced beams

Lower limit on p (ACI 10.5)
same as for single reinforce beams.

34 ¢ 200

Prin =" 2
y y




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



