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Fl BFl BFlange BeamsFlange Beams
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Limitations on Reinforcement for Limitations on Reinforcement for 
Flange BeamsFlange Beams

L Li i• Lower Limits
– If As(provided) 4/3 As(req’d) based on analysiss(provided) s(req d)

then As(min) is not required (i.e.)s( )

Mn 4/3Mu for As(provided) (p )

See ACI 10.5.3



Example Example -- TT--BeamBeam
Find Mn and Mu for T-Beam.

b 54 i h 3 i b 7 ftbeff = 54 in. hf = 3 in. b = 7 ft.

d  = 16.5 in. As = 8.5 in2
s

fy = 50 ksi  fc = 3 ksi 

bw= 12 in     L = 18 ft



Example of LExample of L--BeamBeam

Confirm beffeff

12 in.18 ft
ftL

 
 
 

eff
ft.  54 in.

4 4
Lb

 
   

 f w  16 16 3 in. 12 in.=60 in.

12 in

h b   

 12 in.   7 ft. 84 in.
ft.

b     
 



Example Example -- TT--BeamBeam
Compute the equivalent c value and check the strain 
in the steel, s

  
  

2
s y 8.5 in 50 ksi

3.09 in.
0 85 0 85 3 ksi 54 in

A f
a

f b
  



t e stee , s

  c eff0.85  0.85 3 ksi 54 in.
3.09 in 3.63 in.

0 85

f b
ac


  
1

s

0.85
16.5 in.1 0.003 1 0.003 0.0106 0.005
3 63 in

d
c



            
   3.63 in.c   

Steel will yield in the tension zone.y



ExampleExample -- TT--BeamBeamExample Example -- TT--BeamBeam
Compute the reinforcement  and check to make sure it

 

Compute the reinforcement  and check to make sure it 
is greater than min

 
  

2
s

w

8.5 in
0.0429

12 in. 16.5 in.
A

b d
   

y

200 200 0.004
50000f

  



y

min min
c

0.004
3 3 3000 0.00329

50000
f

f

   
  
 y 50000

0 0429 0 004

f

 Section works for minimum 0.0429 0.004
reinforcement.



ExampleExample -- TT--BeamBeamExample Example -- TT--BeamBeam
Compute  and check that the c value is greater than h

y 50 ksi0 0429 0 7155
f

   
 

Compute  and check that the c value is greater than hf

  

y

c

0.0429 0.7155
3 ksi

1 18 0 7155 16 5 in1 18

f

d

 



     

  
f

1

1.18 0.7155 16.5 in.1.18 3 in. 16.388
0.85

dh 


   

f 3 in. 3.09 in.h a  

Analysis the beam as a T beamAnalysis the beam as a T-beam.



ExampleExample -- TT--BeamBeamExample Example -- TT--BeamBeam
Compute  and check that the c value is greater than hCompute  and check that the c value is greater than hf

     c eff w f0.85 0.85 3 ksi 54 in. 12 in. 3 in.f b b h
A

       
 

c eff w f
sf

y

2

50 ksi

6 426 i

A
f

 

Compute a

26.426 in

    
  

2 2
s sf y 8.5 in 6.426 in 50 ksiA A f

a


 
   c w0.85  0.85 3 ksi 12 in.

3.889 in.
f b





ExampleExample -- TT--BeamBeamExample Example -- TT--BeamBeam
Compute nominal moment componentsCompute nominal moment components

 n1 s sf y
aM A A f d    

 
 

  

n1 s sf y

2 2

2
3.889 in.8 5 in 6 426 in 50 ksi 16 5 in

f d 
 

 
   8.5 in 6.426 in 50 ksi 16.5 in.

2
1535 34 k-in

   
 



  2f 3 in.6 426 in 50 ksi 16 5 inhM A f d         

1535.34 k in.

  n2 sf y 6.426 in 50 ksi 16.5 in.
2 2

4819.5 k-in.

M A f d      
   





ExampleExample -- TT--BeamBeamExample Example -- TT--BeamBeam
Compute nominal momentCompute nominal moment

n n1 n2M M M n n1 n2

1535.34 k-in.  4819.5 k-in.
6354 84 k in 529 57 k ft

 
6354.84 k-in. 529.57 k-ft. 

Compute ultimate moment

 u n 0.9 529.57 k-ft.M M 

p

416.6 k-ft.



Example of LExample of L--BeamBeam

Determine theDetermine the 
effective b for the 
spandrel beam andspandrel beam and 
do the analysis.

U 4 #9 b dUse 4 #9 bars and 
find the ultimate 

imoment capacity. 
fy=50 ksi,  fc = 3 ksi



Example of LExample of L--BeamBeam

Compute beffp eff

Lb b eff w

f

  
12
6

b b

h b

 

 

 
f w

actual w

  6
   0.5* clear distance to next web

h b
b b

 

  



Example of LExample of L--BeamBeam

Compute beff 12 i 
p eff

eff w

12 in.20 ft
ft 12 in. =32 in.

12 12
Lb b

 
 
    

 
eff w

f w

12 12
       6 6 6 in. 12 in. = 48 in.h b   

 actual w        0.5* clear distance to next web

12 in.12 i + 0 5* 7 ft 54 i

b b  

  
                      12 in. + 0.5* 7 ft 54 i

ft
       

n.



Example of LExample of L--BeamBeam

The value beff and Aseff  s

32 ib

 
eff

2 2

=  32 in.

4 1 0 i 4 0 i

b

A  2 2
s 4 1.0 in 4.0 inA  



Example Example -- LL--BeamBeam
Compute the equivalent c value and check the strain 
in the steel, s

  
  

2
s y 4.0 in 50 ksi

2.45 in.
0 85 0 85 3 ksi 32 in

A f
a

f b
  



t e stee , s

  c eff0.85  0.85 3 ksi 32 in.
2.45 in 2.88 in.

0 85

f b
ac


  
1

s

0.85
24 in.1 0.003 1 0.003 0.0220 0.005

2 88 in
d
c



            
   2.88 in.c   

Steel will yield in the tension zone.y



ExampleExample -- LL--BeamBeamExample Example -- LL--BeamBeam
Compute the reinforcement  and check to make sure it

 

Compute the reinforcement  and check to make sure it 
is greater than min

 
  

2
s

w

4.0 in
0.0139

12 in. 24 in.
A

b d
   

y

200 200 0.004
50000f

  



y

min min
c

0.004
3 3 3000 0.00329

50000
f

f

   
  
 y 50000

0 0139 0 004

f

 Section works for minimum 0.0139 0.004
reinforcement.



ExampleExample -- TT--BeamBeamExample Example -- TT--BeamBeam
Compute  and check that the c value is greater than h

y 50 ksi0 0139 0 2315
f

      

Compute  and check that the c value is greater than hf

  
c

0.0139 0.2315
3 ksi

1 18 0 2315 24 in1 18

f

d

 



     

  
f

1

1.18 0.2315 24 in.1.18 6 in. 7.71 in.
0.85

dh 


   

f 6 in. 2.45 in.h a  

Analysis the beam as a Singly reinforced beam

False!

Analysis the beam as a Singly reinforced beam.


