Faculty of Engineering and Architecture

American University of Beirut

CIVE 420 – Concrete I

Assignment # 2

Problem: I
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Equilibrium of forces:
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Check if Tension steel yielded:
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     = 0.011 > (y = 0.002 ( Tension steel yielded

(
Check if compression steel yielded:
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( comp. Steel didn’t yield as assumed.


( 
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Equilibrium of forces:
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( 7080.5 c2 – 75408 c – 110640 = 0


( c = 11.95 cm
and  a = (1c  =  10.16 cm

(
Calculate ultimate flexural resistance Mu:
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where 
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( Mn = 51.65 T – m

hence Mu =  (Mn = 0.9Mn = 46.49 T-m

(
Check Maximum Reinforcement Ratio:


[image: image16.wmf]r

r

r

r

¢

+

=

£

b

75

.

0

max




[image: image17.wmf]012

.

0

55

35

54

.

24

=

´

=

=

bd

As

r




[image: image18.wmf]0024

.

0

55

35

61

.

4

'

'

=

´

=

=

bd

s

A

r




[image: image19.wmf]021

.

0

'

85

.

0

75

.

0

75

.

0

1

=

+

´

´

´

=

y

cu

cu

f

x

c

f

y

b

e

e

e

b

r



Since ( ( (max  (  our section satisfies ductility requirements of ACI.

Problem: II

i)
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assume a < 25cm

(
Equilibrium of forces:

T = Cc

Asfy = 0.85 f’c (60) a + 0.85 f’c (a – 10) (30)



[image: image21.wmf](

)

correct

is

assumption

cm

cm

f

f

Asfy

a

c

c

Þ

<

=

+

+

=

Þ

25

733

.

18

)

30

60

(

'

85

.

0

10

)

30

(

'

85

.

0




[image: image22.wmf]cm

a

c

cm

kg

c

f

for

22

/

210

'

85

.

0

1

2

1

=

=

Þ

=

=

b

b


(
Check if tension steel  yielded as assumed:
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( Tension steel yielded as assumed

(
Find ultimate flexural capacity:
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        = 172.39 T-m


Mu = ( Mn = 0.9 Mn = 155.15 T-m
(
Check Ductility Requirements:
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cb = 0.6 d  (for grade 60 steel)


cmax = 0.75 cb = 0.75 
[image: image26.wmf]´

 0.6 
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 80 = 36 cm


Since  c = 22 cm < cmax  (  section satisfies ductility requirements.

ii)
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A’s = 58.9

(
Equilibrium of forces:

T = Cc

Asfy = 0.85 f’c (60) (2) + 0.85f’c (30) (2 – 10) + A’sfy
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Check if compression steel bars yielded as assumed
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3 < 5.413 ( comp. Steel bars yielded as assumed


No need to check for tension steel bars since they yielded with c = 22 cm


( for  c = 16.24 cm,  they will definitely be in the yielding range

(
Find ultimate flexural capacity:
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 (  Mn = 182.90 T-m

   Mu = (Mn = 0.9 Mn = 164.6 T-m

(
Check Ductility Requirements:

cmax = 0.75 cb = 36 cm


c = 16.24cm < 36cm ( Ductility Requirements are satisfied


Actually compression reinforcements improve ductility

Problem: III

	Assume  c = 15 cm

(1 = 0.85  for  f’c  =  210 Kg/cm2

a = 12.75 cm
	
	(     (     (
(            (
(            (
(            (
(     (     (
	(1)

(2)

(3)

(4)

(5)


 (
Calculate stresses and strains in the steel layers:
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(  fs1 = fy = 4200 kg/cm2
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fs2 = Es2 
[image: image34.wmf]´

 (s2 = 2 
[image: image35.wmf]´

 106 
[image: image36.wmf]´

 0.001 = 2000 kg/cm2
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(s3 = (cu (d - c) = 0.004 > 0.002


Since layer 3 yields ( the remaining layers will yield


( fs3 =  fs4 = fs5 = fy = 4200 kg/cm2

T    = (As3 + As4 + As5) fy + As2 fs2

      = (7 T20) (4200)  +  (2T20) (2000)

           = 104.9 T


Cc = 0.85 f’c (30) (12.75) + As1fy

      = 107.8 T
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Calculate Nominal Flexural capacity:

Mn =  As5  fy (65) + As4 fy (50) + As3 fy (35)



   + As2 fs2(20) – 0.85 f’c (30) (12.75)
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Problem: IV

WL = 0.75 T/m   ,   Ws = 1.0 T/m

Wg  = 0.3 
[image: image40.wmf]´

 0.4 
[image: image41.wmf]´

 2.5 = 0.3 T/m

WD = Wg + Ws = 1.3 T/m

( Wu = 1.4 WD + 1.7 WL = 3.095 T/m   ~ 3.1 T/m

( Wn =
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(
Designing for Top Reinforcement: ( -ve moment)


Assume d = 35 cm


Mu = -6.2 T-m
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=  0.00472

since (min < ( <(max  ( o.k
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  =  4.956 cm2   
[image: image46.wmf]»

 5cm2

( use (5 T 12)  (  (5.65 cm2)

(
Designing for bottom reinforcement: ( +ve Moment)


Also  assume d = 85 cm


Mu = 3.48 T-m
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( use  (min = 0.00333

( As(bottom) = (0.00333) (30) (35) = 3.496 cm2      
[image: image48.wmf]»

 3.5 cm2

( use 5T10  (  (3.926 cm2)

(
Find (max and (min
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Shear


Diagram











3.48 T-m





-6.2  T-m





-6.2  T-m





Moment


Diagram





-7.75 T





-6.2 T





6.2 T





7.75 T TT
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