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Reinforced Concrete I. / Beton Armat I.

SIMPLE SUPORTED BEAM

b = 15 cm
h = 30 cm
L = 3,30 m
lrez= 30 cm
P = 7 tones
Concrete C20/25
Steel S500
Exposure class XC1

As = ?

Asw = ?

sw = ?

L

= = =

P/2 P/2
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Support  Lcalc

lrez
Lcalc =
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lrez
Lcalc = 3.00m

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

Support  Lcalc



Reinforced Concrete I. / Beton Armat I.

Diagrams: M + V

MEd =

VEd =

Lcalc= 3.00m

= = =

P/2 P/2
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MEd =

VEd =

Lcalc= 3.00m

= = =

P/2 P/2

MEd

VEd
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Diagrams: M + V
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MEd =

VEd =

Lcalc= 3.00m
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MEd =

VEd =

Lcalc= 3.00m

= = =

3,5t 3,5t

MEd

VEd
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Diagrams: M + V
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MEd = 35 kNm

VEd = 35 kN

Lcalc= 3.00m

= = =

35kN 35kN

MEd

VEd

35kNm

35kN
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Diagrams: M + V
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d = ???
fcd = ???

Lcalc= 3.00m

= = =

35kN 35kN

MEd

VEd

35kNm
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35kN

where d = h - ds

ds = cnom + s/2

s = 14…25 mm for beams

6…14 mm for slabs



Reinforced Concrete I. / Beton Armat I.

d = h - ds

ds = cnom + s/2

s = 14…25 mm for beams

6…14 mm for slabs

࢓࢕࢔ࢉ ൌ ࢔࢏࢓ࢉ ൅ ࢜ࢋࢊࢉࢤ

Δܿௗ௘௩ = 5 mm  for slabs (A.N.)

= 10 mm rest of the elements (A.N.)
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݀௦

݄݀

long
etr

Cnom,long
ds Cnom,etr



Reinforced Concrete I. / Beton Armat I.

bond durability

ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩
ܿ௠௜௡ ൌ ;ሼܿ௠௜௡,௕	ݔܽ݉ ܿ௠௜௡,ௗ௨௥; 	10	݉݉ሽ
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ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩
ܿ௠௜௡ ൌ ;ሼܿ௠௜௡,௕	ݔܽ݉ ܿ௠௜௡,ௗ௨௥; 	10	݉݉ሽ

࢈,࢔࢏࢓ࢉ ൒ 	ࣘ
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Reinforced Concrete I. / Beton Armat I.

ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩
ܿ௠௜௡ ൌ ;ሼܿ௠௜௡,௕	ݔܽ݉ ܿ௠௜௡,ௗ௨௥; 	10	݉݉ሽ

ܿ௠௜௡,௕ ൒ 	߶ where ߶	= 14…25 mm for beams

6…14 mm for slabs

	ࢍ࢔࢕࢒ࣘ  20	mm	 longitudinal

࢚࢘ࢋࣘ  8	mm	 transversal
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ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩
ܿ௠௜௡ ൌ ;ሼܿ௠௜௡,௕	ݔܽ݉ ܿ௠௜௡,ௗ௨௥; 	10	݉݉ሽ

durability
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ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩
ܿ௠௜௡ ൌ ;ሼܿ௠௜௡,௕	ݔܽ݉ ܿ௠௜௡,ௗ௨௥; 	10	݉݉ሽ

durability
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Reinforced Concrete I. / Beton Armat I.

ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩
ܿ௠௜௡ ൌ ;ሼܿ௠௜௡,௕	ݔܽ݉ ܿ௠௜௡,ௗ௨௥; 	10	݉݉ሽ

 ࢛࢘ࢊ,࢔࢏࢓ࢉ ൌ ૚૙	࢓࢓

durability
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Reinforced Concrete I. / Beton Armat I.

ܿ௡௢௠ ൌ ܿ௠௜௡ ൅ Δܿௗ௘௩

LONGITUDINAL REINFORCEMENT TRANSVERSAL REINF. (stirrup)

ܿ௠௜௡ ൌ 	ݔܽ݉ ܿ௠௜௡,௕; ܿ௠௜௡,ௗ௨௥; 	10	݉݉

ൌ 	ݔܽ݉	 20	݉݉; 10	݉݉; 10	݉݉ ൌ 	ݔܽ݉	 8	݉݉; 10	݉݉; 10	݉݉

ܿ௠௜௡,௟௢௡௚ ൌ 20	mm ܿ௠௜௡,௦௧௜௥ ൌ 10	mm

Δܿௗ௘௩ ൌ 10	݉݉	 (A.N.) Δܿௗ௘௩ ൌ 10	݉݉	 (A.N.)

ࢍ࢔࢕࢒,࢓࢕࢔ࢉ ൌ ૜૙	࢓࢓ ௦௧௜௥,࢓࢕࢔ࢉ ൌ ૛૙	࢓࢓

 ܿ௡௢௠,௘௧௥ ൌ ܿ௡௢௠,௟௢௡௚ െ ߶௦௧௜௥ ൌ 22݉݉  ܿ௡௢௠,௟௢௡௚ ൌ ܿ௡௢௠,௦௧௜௥ ൅ ߶௦௧௜௥ ൌ 28݉݉

ܿ௡௢௠,௘௧௥ ൌ 22݉݉ ൐ ܿ௡௢௠,௦௧௜௥
ࢉࢋ࢔ ൌ 20	݉݉ ܿ௡௢௠,௟௢௡௚ ൌ 28݉݉ ൏ ܿ௡௢௠,௟௢௡௚

ࢉࢋ࢔ ൌ 30	݉݉

 ࢍ࢔࢕࢒,࢓࢕࢔ࢉ ൌ ૜૙	࢓࢓ OK!!!

ࢍ࢔࢕࢒,࢓࢕࢔ࢉ ࢚࢘ࢋ,࢓࢕࢔ࢉ
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Reinforced Concrete I. / Beton Armat I.

d = h ‐ ds
ds = cnom + s/2

s = 20 mm

ds = cnom + s/2 = 

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ 

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

d = h ‐ ds
ds = cnom + s/2

s = 20 mm

ds = cnom + s/2 = 40 mm

d = h – ds =

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ 
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Reinforced Concrete I. / Beton Armat I.

d = h ‐ ds
ds = cnom + s/2

s = 20 mm

ds = cnom + s/2 = 40 mm

d = h – ds = 260 mm

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ 
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c

ck
cd

ff




ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ 
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c

ck
cd

ff


 = 13,33 N/mm2

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ 
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ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259
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Reinforced Concrete I. / Beton Armat I.

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259

࢓࢏࢒

݈݉݅ߤ ൌ ݈݉݅ߦ0.8 ሺ1 െ ݈݉݅ߦ0.4 ሻ

݈݉݅ߦ ൌ
3.5

3.5 ൅ 1000 ݀ݕ݂ ݏܧ/
 

s

yk
yd

f
f



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࢓࢏࢒

݈݉݅ߤ ൌ ݈݉݅ߦ0.8 ሺ1 െ ݈݉݅ߦ0.4 ሻ

݈݉݅ߦ ൌ
3.5

3.5 ൅ 1000 ݀ݕ݂ ݏܧ/
 

s

yk
yd

f
f


 = 435 N/mm2

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259
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࢓࢏࢒

݈݉݅ߤ ൌ ݈݉݅ߦ0.8 ሺ1 െ ݈݉݅ߦ0.4 ሻ

݈݉݅ߦ ൌ
3.5

3.5 ൅ 1000 ݀ݕ݂ ݏܧ/
 

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259
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࢓࢏࢒

݈݉݅ߤ ൌ ݈݉݅ߦ0.8 ሺ1 െ ݈݉݅ߦ0.4 ሻ

݈݉݅ߦ ൌ
3.5

3.5 ൅ 1000 ݀ݕ݂ ݏܧ/
 

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259

= 0,617
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࢓࢏࢒

݈݉݅ߤ ൌ ݈݉݅ߦ0.8 ሺ1 െ ݈݉݅ߦ0.4 ሻ

݈݉݅ߦ ൌ
3.5

3.5 ൅ 1000 ݀ݕ݂ ݏܧ/
 

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259

= 0,617

= 0,372
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࢓࢏࢒

݈݉݅ߤ ൌ ݈݉݅ߦ0.8 ሺ1 െ ݈݉݅ߦ0.4 ሻ

݈݉݅ߦ ൌ
3.5

3.5 ൅ 1000 ݀ݕ݂ ݏܧ/
 

ߤ ൌ
݀ܧܯ

ܾ݀2݂ܿ ݀
ൌ  0.259

= 0,617

= 0,372

࢓࢏࢒
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ݏ߱	 ൌ 1 െ ඥ1 െ  ߤ2

ݏܣ ൌ ܾ݀ݏ߱
݂ܿ ݀

݀ݕ݂
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= ݏ߱	0,306 ൌ 1 െ ඥ1 െ  ߤ2

ݏܣ ൌ ܾ݀ݏ߱
݂ܿ ݀

݀ݕ݂
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= ݏ߱	0,306 ൌ 1 െ ඥ1 െ  ߤ2

ݏܣ ൌ ܾ݀ݏ߱
݂ܿ ݀

݀ݕ݂
  = 365 mm2
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 REINFORCEMENT PROPOSAL ?
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Reinforced Concrete I. / Beton Armat I.

= ݏ߱	0,306 ൌ 1 െ ඥ1 െ  ߤ2

ݏܣ ൌ ܾ݀ݏ߱
݂ܿ ݀

݀ݕ݂
  = 365 mm2

 2  16

 3  14
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Reinforced Concrete I. / Beton Armat I.

 2  16

݊݅݉,ݏܣ ൌ 0,26
݂ܿ ݉ݐ

݇ݕ݂
ܾ݀ 

݊݅݉,ݏܣ ൒ 0,0013ܾ݀ 

ds = cnom + s/2 = 

d = h – ds =

ݔܽ݉,ݏܣ ൌ ܿܣ0,04  
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 2  16

݊݅݉,ݏܣ ൌ 0,26
݂ܿ ݉ݐ

݇ݕ݂
ܾ݀ 

݊݅݉,ݏܣ ൒ 0,0013ܾ݀ 

= 45 mm2

= 402 mm2

ds = cnom + s/2 = 38 mm

d = h – ds = 262 mm

= 51 mm2

= 1800 mm2ݔܽ݉,ݏܣ ൌ ܿܣ0,04  

ok!

ok!

ok!
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Reinforced Concrete I. / Beton Armat I.

݀ݍݎ,ܾ݈ ൌ
߶ ∙ ݀ݕ݂

4 ∙ ݂ܾ ݀
 

݈ܾ݀ ൌ ݀ݍݎ,5݈ܾߙ4ߙ3ߙ2ߙ1ߙ ൒ ݈ܾ,݉݅݊

݂ܾ ݀ ൌ 2.25 ∙ 1ߟ ∙ 2ߟ ∙ ݂ܿ ݀ݐ
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ܿௗ ൌ min 58 2⁄ ; 30 ൌ 29݉݉
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௕݂ௗ ൌ 2.25 · ଵߟ · ଶߟ · ௖݂௧ௗ  design value of the ultimate bond stress

where:
η1 ‐ is a coefficient related to the quality of the bond condition and the position of the 

bar during concreting (see Figure 8.2):
= 1,0 when ‘good’ conditions are obtained and
= 0,7 for all other cases and for bars in structural elements built with slip‐forms,
unless it can be shown that ‘good’ bond conditions exist

η2 - is related to the bar diameter:
= 1,0 for φ ≤ 32 mm
= (132 ‐ φ)/100 for φ > 32 mm

c

05,0ctk
ctd

f
f




݂ܾ ݀ ൌ 
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௕݂ௗ ൌ 2.25 · ଵߟ · ଶߟ · ௖݂௧ௗ  design value of the ultimate bond stress

where:
η1 ‐ is a coefficient related to the quality of the bond condition and the position of the 

bar during concreting (see Figure 8.2):
= 1,0 when ‘good’ conditions are obtained and
= 0,7 for all other cases and for bars in structural elements built with slip‐forms,
unless it can be shown that ‘good’ bond conditions exist

η2 - is related to the bar diameter:
= 1,0 for φ ≤ 32 mm
= (132 ‐ φ)/100 for φ > 32 mm

c

05,0ctk
ctd

f
f




݂ܾ ݀ ൌ 

= 1,00 N/mm2

2,25 N/mm2
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݀ݍݎ,ܾ݈ ൌ
߶ ∙ ݀ݕ݂

4 ∙ ݂ܾ ݀
 

݈ܾ݀ ൌ ݀ݍݎ,5݈ܾߙ4ߙ3ߙ2ߙ1ߙ ൒ ݈ܾ,݉݅݊

݂ܾ ݀ ൌ 
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݀ݍݎ,ܾ݈ ൌ
߶ ∙ ݀ݕ݂

4 ∙ ݂ܾ ݀
 

݈ܾ݀ ൌ ݀ݍݎ,5݈ܾߙ4ߙ3ߙ2ߙ1ߙ ൒ ݈ܾ,݉݅݊

݂ܾ ݀ ൌ  2,25 N/mm2

=773 mm

=773 mm
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ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݇ ൌ 1 ൅ ඨ200
݀

ൌ 

ܿ,ܴ݀ܥ ൌ ߛܿ/0,18 ൌ 

݇1 ൌ 0,15 

݌ܿߪ ൌ ܿܣ/݀ܧܰ ൏ 0,2݂ܿ ݀  

݇ ൑ 2 
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ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݇ ൌ 1 ൅ ඨ200
݀

ൌ 

ܿ,ܴ݀ܥ ൌ ߛܿ/0,18 ൌ 

݇1 ൌ 0,15 

݌ܿߪ ൌ ܿܣ/݀ܧܰ ൏ 0,2݂ܿ ݀  

݇ ൑ 2 

0.12

1.877

=0



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݈ߩ ൌ
݈ݏܣ
݀ݓܾ

ൌ 

݈ߩ ൑ 0.02 
Asl = ???



Reinforced Concrete I. / Beton Armat I.

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݈ߩ ൌ
݈ݏܣ
݀ݓܾ

ൌ 

݈ߩ ൑ 0.02 
Asl = ???

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

௦௟ܣ - is the area of the tensile reinforcement, which extends ≥ (lbd + d) beyond the
section considered



Reinforced Concrete I. / Beton Armat I.

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݈ߩ ൌ
݈ݏܣ
݀ݓܾ

ൌ 

݈ߩ ൑ 0.02 

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

௦௟ܣ - is the area of the tensile reinforcement, which extends ≥ (lbd + d) beyond the
section considered

0.01
Asl = 216 = 402 mm2



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݊݅݉ߥ ൌ 0,035݇3/2 ∙ ݂ܿ ݇
1/2= 

ܸܴ ݀ ,ܿ ൌ 



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݊݅݉ߥ ൌ 0,035݇3/2 ∙ ݂ܿ ݇
1/2= 

ܸܴ ݀ ,ܿ ൌ 

0.403

24.03 kN



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݊݅݉ߥ0.403 ൌ 0,035݇3/2 ∙ ݂ܿ ݇
1/2= 

ܸܴ ݀ ,ܿ ൌ  24.03 kN

15.72 kN

24.03 kN



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ 24.03	݇ܰ  ݀ܧܸ ൌ 35 ݇ܰ





Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ 24.03	݇ܰ  ݀ܧܸ ൌ 35 ݇ܰ

ܸܴ ݀ ൌ min	ሺܸܴ ;ݏ,݀ ܸܴ ݀ ݔܽ݉, ሻ

 SHEAR REINFORCEMENT IS REQUIRED



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ܸܴ ݀ ,ܿ ൌ 24.03	݇ܰ  ݀ܧܸ ൌ 35 ݇ܰ

ܸܴ ݀ ൌ min	ሺܸܴ ;ݏ,݀ ܸܴ ݀ ݔܽ݉, ሻ

 SHEAR REINFORCEMENT IS REQUIRED



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

CAPACITY OF THE COMPRESSED (CONCRETE) CHORD (VRd,max)

ோܸௗ,௠௔௫ ൌ ௖௪ܾ௪ߙ · ݖ · ଵߥ · ௖݂ௗ/ሺߠ݃ݐ ൅ ሻߠ݃ݐܿ

cw - is a coefficient taking account of the state of the stress in the compression 
chord
cw =1  for RC elements
cw >1  for PC elements

1 - is a strength reduction factor for concrete cracked in shear

z  0.9d =

1ߥ ൌ ߥ ൌ 0,6 ൬1 െ
݂ܿ ݇

250൰ ൌ  (A.N.)



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

CAPACITY OF THE COMPRESSED (CONCRETE) CHORD (VRd,max)

ோܸௗ,௠௔௫ ൌ ௖௪ܾ௪ߙ · ݖ · ଵߥ · ௖݂ௗ/ሺߠ݃ݐ ൅ ሻߠ݃ݐܿ

cw - is a coefficient taking account of the state of the stress in the compression 
chord
cw =1  for RC elements
cw >1  for PC elements

1 - is a strength reduction factor for concrete cracked in shear

z  0.9d =

1ߥ ൌ ߥ ൌ 0,6 ൬1 െ
݂ܿ ݇

250൰ ൌ  (A.N.)0.552

236 mm



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

CAPACITY OF THE COMPRESSED (CONCRETE) CHORD (VRd,max)

ோܸௗ,௠௔௫ ൌ ௖௪ܾ௪ߙ · ݖ · ଵߥ · ௖݂ௗ/ሺߠ݃ݐ ൅ ሻߠ݃ݐܿ

Choosing

ߠ ൌ 45° ߙ ൌ 90°

ோܸௗ,௠௔௫ ൌ



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

CAPACITY OF THE COMPRESSED (CONCRETE) CHORD (VRd,max)

ோܸௗ,௠௔௫ ൌ ௖௪ܾ௪ߙ · ݖ · ଵߥ · ௖݂ௗ/ሺߠ݃ݐ ൅ ሻߠ݃ݐܿ

Choosing

ߠ ൌ 45° ߙ ൌ 90°

ோܸௗ,௠௔௫ ൌ 130.16 kN



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

ோܸௗ,௦ ൌ
௦௪ܣ
ݏ · ݖ · ௬݂௪ௗ· ߠ݃ݐܿ

Choosing
௦௪ܣ - the cross‐sectional area of the shear reinforcement

or

	ݏ ‐ the spacing of the stirrups

and

ߠ ൌ 45° ߙ ൌ 90°

From condition ோܸௗ,௦ ൌ ாܸௗ 
஺ೞೢ
௦
ൌ ௏ಶ೏

௭·௙೤ೢ೏·௖௧௚ఏ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௦௪ܣ
ݏ ൌ ாܸௗ

ݖ · ௬݂௪ௗ· ߠ݃ݐܿ
ൌ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

Diametre of stirrups are imposed ()  Asw=nAs
(n= no shear arms!!!)

 s (spacing)



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௦௪ܣ
ݏ ൌ ாܸௗ

ݖ · ௬݂௪ௗ· ߠ݃ݐܿ
ൌ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

Diametre of stirrups are imposed ()  Asw=nAs
(n= no shear arms!!!)

 s (spacing)

௦௪ܣ 					ൌ 2߶6 ?

ൌ 2߶8 ?



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௦௪ܣ
ݏ ൌ ாܸௗ

ݖ · ௬݂௪ௗ· ߠ݃ݐܿ
ൌ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

Diametre of stirrups are imposed ()  Asw=nAs
(n= no shear arms!!!)

 s (spacing)

ݓݏܣ ൌ 2߶6 ൌ  56.5 mm2



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௦௪ܣ
ݏ ൌ ாܸௗ

ݖ · ௬݂௪ௗ· ߠ݃ݐܿ
ൌ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

Diametre of stirrups are imposed ()  Asw=nAs
(n= no shear arms!!!)

 s (spacing)

ݓݏܣ ൌ 2߶6 ൌ  56.5 mm2

0.341 mm



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௦௪ܣ ൌ 2߶6 ൌ 56.5 mm2

Reinforcement ratio for shear reinforcement

௦௪ߩ ൌ
௦௪ܣ

ܾ · ݀ · ߙ݊݅ݏ ൌ

௦௪,௠௜௡ߩ ൌ ሺ0,08 ௖݂௞ሻ/ ௬݂௞ ൌ

௦௪ߩ >(?) ௦௪,௠௜௡ߩ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௦௪ܣ ൌ 2߶6 ൌ 56.5 mm2

Reinforcement ratio for shear reinforcement

௦௪ߩ ൌ
௦௪ܣ

ܾ · ݀ · ߙ݊݅ݏ ൌ

௦௪,௠௜௡ߩ ൌ ሺ0,08 ௖݂௞ሻ/ ௬݂௞ ൌ

௦௪ߩ >(?) ௦௪,௠௜௡ߩ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

1.439x10‐3

0.715x10‐3



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ݓݏܣ
ݏ

ൌ ݀ܧܸ

ݖ ∙ ݀ݓݕ݂ ∙ ߠ݃ݐܿ
ൌ  0.341 mm

 s = 

ݓݏܣ ൌ 2߶6 ൌ  56.5 mm2



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

ݓݏܣ
ݏ

ൌ ݀ܧܸ

ݖ ∙ ݀ݓݕ݂ ∙ ߠ݃ݐܿ
ൌ  0.341 mm

 s = 

ݓݏܣ ൌ 2߶6 ൌ  56.5 mm2

166 mm



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௟,௠௔௫ݏ ൌ 0,75݀ 1 ൅ ߙ݃ݐܿ ൌ

Choosing s = 150 mm

ோܸௗ,௦ ൌ
௦௪ܣ
ݏ · ݖ · ௬݂௪ௗ· ߠ݃ݐܿ ൌ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

s ࢙,ࢊࡾࢂ ൒ ࢊࡱࢂ



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௟,௠௔௫ݏ ൌ 0,75݀ 1 ൅ ߙ݃ݐܿ ൌ197 mm

Choosing s = 150 mm

ோܸௗ,௦ ൌ
௦௪ܣ
ݏ · ݖ · ௬݂௪ௗ· ߠ݃ݐܿ ൌ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

s ࢙,ࢊࡾࢂ ൒ ࢊࡱࢂ



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF SHEAR REINFORCEMENT (VRd,s)

௟,௠௔௫ݏ ൌ 0,75݀ 1 ൅ ߙ݃ݐܿ ൌ197 mm

Choosing s = 150 mm

ோܸௗ,௦ ൌ
஺ೞೢ
௦
· ݖ · ௬݂௪ௗ· ߠ݃ݐܿ ൌ 38.65 kN

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

s ࢙,ࢊࡾࢂ ൒ ࢊࡱࢂ



Reinforced Concrete I. / Beton Armat I.

DUCTILITY CONDITION FOR SHEAR REINFORCEMENT

ோܸௗ,௦ ൑ ோܸௗ,௠௔௫

௦௪ܣ
ݏ · ௬݂௪ௗ ൑ ܾ௪ · ଵߥ · ௖݂ௗ ·

1
1 ൅ ߠଶ݃ݐܿ

For a crack at 45 (ctg = 1)


௦௪ܣ · ௬݂௪ௗ

ܾ௪ · ݏ
൑ ଵߥ0,5 · ௖݂ௗ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

DUCTILITY CONDITION FOR SHEAR REINFORCEMENT

௦௪ܣ · ௬݂௪ௗ

ܾ௪ · ݏ
൑ ଵߥ0,5 · ௖݂ௗ

? <  ?

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

DUCTILITY CONDITION FOR SHEAR REINFORCEMENT

௦௪ܣ · ௬݂௪ௗ

ܾ௪ · ݏ
൑ ଵߥ0,5 · ௖݂ௗ

1.09 N/mm2  3.68 N/mm2

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

OK!



Reinforced Concrete I. / Beton Armat I.

DUCTILITY CONDITION FOR SHEAR REINFORCEMENT

௦௪ܣ · ௬݂௪ௗ

ܾ௪ · ݏ
൑ ଵߥ0,5 · ௖݂ௗ

1.09 N/mm2  3.68 N/mm2

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

OK!



Reinforced Concrete I. / Beton Armat I.

2ND VARIANT!!!

DESIGN OF LONGITUDINAL REINFORCEMENT

AND 

SHEAR REINFORCEMENT 

USING STIRRUPS AND INCLINED BARS

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

2ND VARIANT

ݏܣ ൌ ܾ݀ݏ߱
݂ܿ ݀

݀ݕ݂
  = 367 mm2

 3  14 =  462 mm2

ds = cnom + s/2 = 38 mm

d = h – ds = 262 mm

s

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

݀ݍݎ,ܾ݈ ൌ
߶ ∙ ݀ݕ݂

4 ∙ ݂ܾ ݀
 

݈ܾ݀ ൌ ݀ݍݎ,5݈ܾߙ4ߙ3ߙ2ߙ1ߙ ൒ ݈ܾ,݉݅݊

݂ܾ ݀ ൌ  2,25 N/mm2

=676 mm

=676 mm

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݇ ൌ 1 ൅ ඨ200
݀

ൌ 

ܿ,ܴ݀ܥ ൌ ߛܿ/0,18 ൌ 

݇1 ൌ 0,15 

݌ܿߪ ൌ ܿܣ/݀ܧܰ ൏ 0,2݂ܿ ݀  

0.12

݇ ൑ 2 

1.874

=0

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݈ߩ0.0078 ൌ
݈ݏܣ
݀ݓܾ

ൌ 

݈ߩ ൑ 0.02 

s
Asl = 214 = 308 mm2

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

ܸܴ ݀ ,ܿ ൌ max	ቆ
݂݈ܿߩሺ100݇ܿ,ܴ݀ܥൣ ݇ ሻ1/3 ൅ ݌ܿߪ1݇ ൧ܾ݀ݓ

ሺ݊݅݉ߥ ൅ ݌ܿߪ1݇ ሻܾ݀ݓ
ቇ 

݊݅݉ߥ0.401 ൌ 0,035݇3/2 ∙ ݂ܿ ݇
1/2= 

ܸܴ ݀ ,ܿ ൌ  22.11 kN

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

ܸܴ ݀ ,ܿ ൌ 22.11	݇ܰ  ݀ܧܸ ൌ 35 ݇ܰ

ܸܴ ݀ ൌ min	ሺܸܴ ;ݏ,݀ ܸܴ ݀ ݔܽ݉, ሻ

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

 SHEAR REINFORCEMENT IS REQUIRED



Reinforced Concrete I. / Beton Armat I.

Facultatea de Construcții .Dr.ing. Nagy‐György T.  

CAPACITY OF THE COMPRESSED (CONCRETE) CHORD (VRd,max)

ோܸௗ,௠௔௫ ൌ ௖௪ܾ௪ߙ · ݖ · ଵߥ · ௖݂ௗ
ሺܿߠ݃ݐ ൅ ሻߙ݃ݐܿ
1 ൅ ߠଶ݃ݐܿ

cw - is a coefficient taking account of the state of the stress in the compression 
chord
cw =1  for RC elements
cw >1  for PC elements

1 - is a strength reduction factor for concrete cracked in shear

z  0.9d =

1ߥ ൌ ߥ ൌ 0,6 ൬1 െ
݂ܿ ݇

250൰ ൌ  (A.N.)0.552

236 mm



Reinforced Concrete I. / Beton Armat I.

CAPACITY OF THE COMPRESSED (CONCRETE) CHORD (VRd,max)

ோܸௗ,௠௔௫ ൌ ௖௪ܾ௪ߙ · ݖ · ଵߥ · ௖݂ௗ
ሺܿߠ݃ݐ ൅ ሻߙ݃ݐܿ
1 ൅ ߠଶ݃ݐܿ

Choosing

࢞ࢇ࢓,ࢊࡾࢂ ൌ  260.32 kN

 = 45  = 45

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

SHEAR CAPACITY OF ELEMENTS REINFORCED WITH INCLINED BARS

Choosing
Asw - aria of inclined bar 

s ‐ distance between inclined bars

 = 45  = 45

࢙,ࢊࡾࢂ ൌ
࢙࢝࡭
࢙

∙ ࢠ ∙ ࣂࢍ࢚ࢉሺࢊ࢝࢟ࢌ ൅  ࢻ࢔࢏࢙ሻࢻࢍ࢚ࢉ

Asw = 114 = 154 mm2

s

Facultatea de Construcții .Dr.ing. Nagy‐György T.  



Reinforced Concrete I. / Beton Armat I.

Choosing

74.4 kN

s = 300 mm

Maximum distance between inclined bars 

ݔܽ݉,ܾݏ ൌ 0,6݀ሺ1 ൅ ሻߙ݃ݐܿ ൌ 314 mm

࢙,ࢊࡾࢂ ൌ
࢙࢝࡭
࢙ ∙ ࢠ ∙ ࣂࢍ࢚ࢉሺࢊ࢝࢟ࢌ ൅ ࢻ࢔࢏࢙ሻࢻࢍ࢚ࢉ ൌ 
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Reinforced Concrete I. / Beton Armat I.

࢙,ࢊࡾࢂ ൑  ࢞ࢇ࢓,ࢊࡾࢂ

For an inclined bar at 45 and compressed chord of 45 :

ݓݏܣ ∙ ݀ݓݕ݂

ݓܾ ∙ ݏ
൑ 0,5

1ߥ ∙ ݂ܿ ݀

ߙ݊݅ݏ
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1.49 N/mm2 5.20 N/mm2

ݓݏܣ ∙ ݀ݓݕ݂

ݓܾ ∙ ݏ
൑ 0,5

1ߥ ∙ ݂ܿ ݀

ߙ݊݅ݏ
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SHEAR CAPACITY ALONG THE INCLINED BAR (VRd,s)

L

= = =

P/2 P/2

5cm 26 cm

VEd

VEd

VRd
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Se impune diametrul () etrierului  Asw=nAs
(n= nr ramuri!!!)

 s (pasul)

ݓݏܣ ൌ 2߶6 ൌ  56.5 mm2

SHEAR CAPACITY AFTER THE INCLINED BAR (VRd,s)
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L

= = =

P/2 P/2

VEd

VEd

VRd CALCUL = IDEM PARTEA 1! VEd = IDEM
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L

p = 23,33 kN/m

VEdVEd

VRd

SITUATION WITH DISTRIBUTED LOADS

ݔܽ݉,݈ݏ ൌ 0,75݀ሺ1 ൅ ሻߙ݃ݐܿ ൌ 197 mm

VEd=27,78kN

Imposing  6 / 19 cm

࢙,ࢊࡾࢂ ൌ ???

s
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L

p = 23,33 kN/m

VEdVEd

VRd

SITUATION WITH DISTRIBUTED LOADS

ݔܽ݉,݈ݏ ൌ 0,75݀ሺ1 ൅ ሻߙ݃ݐܿ ൌ 197 mm

Ved=27,78kN

Imposing   6 / 19 cm

࢙,ࢊࡾࢂ ൌ
࢙࢝࡭
࢙
· ࢠ · ·ࢊ࢝࢟ࢌ ࣂࢍ࢚ࢉ ൌ ૜૙, ૞૜ࡺ࢑

5cm 26 cm

s
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