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Reinforced Concrete II. / Beton Armat Il.

Initial data
RC beam

Load
Load eccentricity

Concrete class

Reinforcement

Reinforcement strength

Exposure class
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h =600mm
b =400mm
L=1100mm
Pry; = 400 kN

e, = 50mm
e, = 50 mm

C30/37
fctk,o.os = 2.00 MPa

Al - @20
A, = 010
fyk = 500 MPa

XC3

02. TORSION / TORSIUNEA

Prg = 400 kN
50 mm
50 m &Q‘
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S
N
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Reinforced Concrete Il. / Beton Armat 1. 02. TORSION / TORSIUNEA

Material properties

foq =?MPa
feta =7 MPa
fya =7 MPa

Cnom = Cmin T+ ACqey
Cmin = Max {Cmin,b; Cmin,dur> 10 mm}
Cmin,dur = ?mm

Table 4.4N: Values of minimum cover, Cuip aur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for Cindur (Mm)
Structural Exposure Class according to Table 4.1
Class X0 KCT || XC2 /7 XC3 KC4 AD1 /XS | XD2/ X52 | XD3/X53
S1 10 10 10 15 20 25 30
52 10 10 15 20 25 30 35
S3 10 10 20 25 30 325 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55
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Reinforced Concrete Il. / Beton Armat 1. 02. TORSION / TORSIUNEA

Material properties

f.q = 20 MPa
fora = 1.33 MPa

fya = 434.8 MPa

Cnom = Cmin T+ ACqey

Cmin = Max {Cmin,b; Cmin,dur> 10 mm}
Cmin,dur = 25 mm

Table 4.4N: Values of minimum cover, Cuip aur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for Cindur (Mm)
Structural Exposure Class according to Table 4.1
Class A0 AC1 AC2 T AC3 AC4 AD1 I XST | XD2/X52 | XD3 7 X53
S 10 10 10 15 20 25 30
52 10 10 15 20 25 30 35
53 10 10 20 25 30 35 40
S4 10 15 G5 30 35 40 45
=5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55
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Reinforced Concrete . / Beton Armat II. 02. TORSION / TORSIUNEA
Material properties

f.q = 20 MPa
fora = 1.33 MPa

fya = 434.8 MPa

Cnom = Cmin T+ ACqey

Cmin = Max {Cmin,b; Cmin,dur> 10 mm}
Cmin,dur = 25 mm

Table 4.3N: Recommended structural classification

Structural Class

Criterion Exposure Class accoreinag=te=fable 4.1
X0 ACA HKC2/XC3 XC4 XD1 HKD2 1 X551 [XD3 /X527 X853
Design Working Life of | increase | increase increase increase increase | increase | increase class
100 years class by 2 | classby 2| classby 2 | class by 2 | class by 2 | class by 2 by 2
Strength Class 7% 2 C30/37 | 2C30/37 || =C35/45 | 2C40/50 | =C40/50 | = C40/50 = C45/55
reduce reduce reduce reduce reduce reduce |reduce class by
classby 1 | classby 1) class by 1 | class by 1 | class by 1| class by 1 1
hMember with slab reduce reduce reduce reduce reduce reduce |reduce class by
geometry classby 1 | classby 1) classby 1 |classby 1 | classby 1| class by 1 1
(position of reinforcement
not affected by construction
process)
Special Quality reduce reduce reduce reduce reduce reduce |reduce class by
Control of the concrete | class by 1 | class by 1§ classby 1 | classby 1 | class by 1| class by 1 1

production ensured
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Material properties

f.q = 20 MPa
fora = 1.33 MPa

fya = 434.8 MPa

Cnom = Cmin T ACqev

Cmin =— Max {Cmin,b; Cmin,durs 10 mm}
Cmin,dur = 25 mm

Cerinta de mediu pentru Cmin,dur (Mmm)

Clasa Clasa de expunere conform tabelul 4.1

structurala X0 XCA1 XC2/ XC3 XC4 XD1/XS1 XD2/ X82 XD3/XS3
S1 10 10 10 15 20 25 30
S2 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 Ci25) 30 2 40 45
Sh 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55
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Reinforced Concrete Il. / Beton Armat 1. 02. TORSION / TORSIUNEA

Material properties

LONGITUDINAL REINFORCEMENT TRANSVERSAL REINF. (stirrup)

Cmin = Max {Cmin,b; Cmin,dur’ 10 mm}

= max {20 mm; 25 mm; 10 mm} = max {10 mm; 25 mm; 10 mm}

Crmintong = 25 mm Cminetr = 25 mm

Acgep, = 10 mm (A.N.) Acgep, = 10 mm (A.N.)
Cnom,long = 35 mm Cnometr = 35 mm

= Cnometr = Cnomlong Perr = 25 mm = Cnom,long = Cnom,etr + Petr = 45 mm

S nec - - nec S
Cnometr = 22mm < C e 35mm Cnom,long = 45 mm > Cnom,long — 35mm

= Cnomlong = 45 mm OK!!!
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Material properties

f.q = 20 MPa
fora = 1.33 MPa

fya = 434.8 MPa

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design values of the loads

VEd — 7 kN
MEd =7 kNm
50 mm
M
50 mn
Tpq =?kN
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design values of the loads

Viq = 400kN

Mgy = 420 kNm

50 mm

50 mn
Tgq = 60 kN
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Computation of the design thin-walled cross section

A
lef = — = Lefmin = 2t
u
ts =7 mm
tef,min = 2tS =7 mm Center
as o | [T
A =7 mm? § | |
u=7mm | |
A t : |
ter =—=7mm e :
Y L
Center._ ___ . lo---@- --@-1----%--
axis
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Computation of the design thin-walled cross section

A
lef = a = Lefmin = 2t

ts = 55mm
tef,min = Zts =110 mm

e | o8 |
A = 240000 mm? s ITee
u = 2000mm ; g
A t . 5
Ler =7 120 mm ef EL ______ §
Ce?ter ______ lo---@---@-1----7--
b,
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Computation of the design thin-walled cross section

A
= > .= enter
ey u = Lef min 2t e o ;f;(,-;"“ ------- —I’I--_-_-_._-_-—-:-?L-------—
ts = 55mm
tefmin = 2ts = 110 mm o 4 o| |1 o 4dx: o hi
it 1 il
A = 240000 mm? . NE
u = 2000 mm o o o Center. .. {-l@---@--——- \\
Uy
blAI bk
ter = — =120 mm N
U A =b,h Ay = brhy
u=2(b, +h) u, = 2(b, + hy)
b, =7 mm
h, =7mm
U =7mm
A, =? mm?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Computation of the design thin-walled cross section

A
t,r=—2t = 2t Center | ==l .
ef » ef,min S e o gxist ® __f__, 0:
t; =55 mm
tefmin = 2ts = 110 mm o 4 o| |1 o 4dc: o hi
it 1 il
A = 240000 mm? . NE
u = 2000 mm o o o Center. .. |-l@---@--—-& \\
Uy
blAI bk
ter = — =120 mm N
U A =b,h Ay = brhy
u = 2(b,, + h) u, = 2(by + hy)
b, = 280 mm v ‘ e
h, = 480 mm

u, = 1520 mm
A, = 134400 mm?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for bending
Mgq !
C
Where
3.5
Slim = =7
3.5+ 1000f,,4/E;
d=h—d;, =7 mm
we=1—,1-2u=7
Aginec = a)sbdfc—d =7 mm?
fyd

Asl,eff =7 ¢20 = ?mmz

?
bnec =7 mm < berr = 400 mm
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Design for bending

Mgy
U= = 0177 < tyim = 0.88m (1 — 0.4&,;,) = 0.372
bd*fcq
Where
3.5
Erim, = = 0.617

3.5 + 1000f,,4/Es

d =h—d; =545 mm

wg=1—,/1-2u=0.196

Aginee = bdfc—d = 1965 mm?

fyd

Asl,eff = 7¢20 = 2199 mmz

bnec = 360 mm < borr = 400 mm
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Reinforced Concrete II. / Beton Armat Il.

02. TORSION / TORSIUNEA

Design for shear

1/3
,C
|Cra,ck(100p;fcr) -I%p]bwd

V, = max
e ( (Vimin + keosp) by d

Where
C B 0,18 _

Rd,c V. .
k=1+ 200 =7<2
— T =7<

Asl
= =7<0.02
P1 b d =

1/2

Vimin = 0,035k3/2. f./7 =7

)-:
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA
Design for shear

|Cra ck(loOplfck)l/B-l%p]bwd 130.9 kN
Rd,c max( (Vimin + ke b d M 85.0 kv

Where

Crac = 0,18/y, = 0.12

200
k=14 |[—<2=161
d
0, = Ast _ 0,010 < 0.02

b, d

Vmin = 0,035k3/2 . £/% = 0.390

Cc

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for shear
Vrac = 130.9kN < Vgq = 400 kN
2> ?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for shear

Viac = 130.9kN < Vgq = 400 kN

- shear reinforcement is required

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for shear

Viae = 130.9kN < Vgq = 400 kN

—> shear reinforcement is required

- Computation of

VRamax = Xcwbw * Z - vq * feqgSinbcosl =?

Where
Aqy = 1 for non-prestressed structures
fck
=v=06(1- =7
I ( 250
0 = 45°
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Reinforced Concrete II. / Beton Armat Il.

Design for shear

VRamax = Xcwbw * 2+ V1 * fegSinbcosd = 1035.9 kN

Where

Aoy = 1 for non-prestressed structures
fck

sy < 250

0 = 45°

Dr.ing. Nagy-Gyorgy T. ©
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for shear
Vramax = 10359 kN > Vgq = 400 kN
2> ?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for shear

Vidmax = 10359 kN > Veq = 400 kN

- cross section could be reinforced for shear
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

TORSIONAL CRACKING MOMENTS

Tra,c = 2Akteffcta =7 kKNM

W|th Tt — fCtd
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

TORSIONAL CRACKING MOMENTS

TRd,C = ZAkteffctd = 43.0 kNm

W|th Tt — fCtd
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

TORSIONAL CRACKING MOMENTS

TRd,C = ZAkteffctd =43.0 kNm < TEd = 60 kNm

>?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

TORSIONAL CRACKING MOMENTS

TRd,C = ZAkteffctd =43.0 kNm < TEd = 60 kNm

- reinforcement for torsion is required
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

FOR APPROXIMATELY RECTANGULAR SOLID SECTIONS

- - Tga | VEa -
Calculation for- cor.nbmed. « NO - + 7 <1 YES _» NO relnf.orcemer?t
shear and torsion is required Rd,c Rd,c calculation required

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

FOR APPROXIMATELY RECTANGULAR SOLID SECTIONS

Calculation for combined o Tka + Vea _ 1| ygs_s, noreinforcement

shear and torsion is required Trac VRrac calculation required

60 400
+ <7
43.0 130.9
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Torsional cracking moments

FOR APPROXIMATELY RECTANGULAR SOLID SECTIONS

Calculation for combined  __ no Tka + Vea _ 1| ygs_s, noreinforcement

shear and torsion is required Trae VRace calculation required
%0 + *00 <445>1
43.0 1309 —
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

CAPACITY OF COMPRESSED STRUTS

Tra,max = 20cwVfcaAitersindcosd =7 kNm

a.y, = 1 for non-prestressed structures

fck
= = —_ —4
vy =v=06 (1 250 :

0 = 45°
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

CAPACITY OF COMPRESSED STRUTS

Tra,max = 20cwVfcaAitersindcosd = 170.3 kNm

a.y, = 1 for non-prestressed structures

fck
250

v1:v=0,6<1—
6 = 45°

) = 0.528
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

CAPACITY OF COMPRESSED STRUTS
Tra,max = 20cwVfcaAitersindcosd = 170.3 kNm > Tgq = 60 kNm

>?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

CAPACITY OF COMPRESSED STRUTS
Tra,max = 20cwVfcaAitersindcosd = 170.3 kNm > Tgq = 60 kNm

- cross section could be reinforced for torsion

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

THE MAXIMUM RESISTANCE OF A MEMBER SUBJECTED TO TORSION AND SHEAR
IS LIMITED BY THE CAPACITY OF THE CONCRETE STRUTS

reconsider of __ o Tea + Vea  _ 1 | YES — next step = reinforcement
the cross section Tramax  VRamax calculation

Notes about Vig max
- in solid cross sections the full width of the web may be used
- for non-solid sections replace by, by t.r

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

THE MAXIMUM RESISTANCE OF A MEMBER SUBJECTED TO TORSION AND SHEAR
IS LIMITED BY THE CAPACITY OF THE CONCRETE STRUTS

reconsider of __ o Tea + Vea <1 | YES— nextstep = reinforcement
the cross section Trd,max  VRdmax calculation
60 400

+ <?
170.3 1035.9

>?

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design for torsion Maximum resistance of concrete struts

THE MAXIMUM RESISTANCE OF A MEMBER SUBJECTED TO TORSION AND SHEAR
IS LIMITED BY THE CAPACITY OF THE CONCRETE STRUTS

reconsider of __ o Tea + Vea <1 | YES— nextstep = reinforcement
the cross section Tramax  VRamax calculation
60 400

< 0.
170.3 * 10359 — 0738 <1

- cross section could be reinforced for combined shear and torsion

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design of shear reinforcement

The condition of rational use of stirrups Vras = VEa

With 6 = 45°
and o = 90°

<A5w> _ VEd —9
S ) e Z* fywa* ctgo
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design of shear reinforcement

The condition of rational use of stirrups Vras = VEa

With 6 = 45°
and o = 90°

A V
( SW) = Ed = 1.876
S ) o Z° fywa* ctgo
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design of torsional reinforcement Transversal torsional reinforcement
The condition of rational use of stirrups Trasw = Tka
With 6 = 45°

(ASW> = L tanf =7
S nec 2Akfywd
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design of torsional reinforcement Transversal torsional reinforcement
The condition of rational use of stirrups Trasw = Tka
With 6 = 45°

A T
( SW) = E%  tan6 = 0.513
S nec 2Akfywd
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design of torsional reinforcement Longitudinal torsional reinforcement
Required area of the longitudinal bars is obtained from Tra st = Tga
With 8 = 45°

Trqu
Ay = —2K ot =7 mm?
2Akfya
Proposals ?7¢6
or ?7¢8
or ?7 910
or ?7¢12
or ?7 ¢ 14
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Design of torsional reinforcement Longitudinal torsional reinforcement
Required area of the longitudinal bars is obtained from Tra st = Tga
With 6 = 45°

Tpqug
Ag = cotd = 780 mm?
" 2Akfya
Proposals 16 ¢ 8 = 804 mm?
or 10 ¢ 10 = 785 mm?
or 7 $ 12 = 792 mm?
or 6 ¢ 14 = 924 mm?
or 4 ¢ 16 = 804 mm?
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Detailing of reinforcement

Structural elements are subjected to Mgy + Vgg + Tg4

- should take account of superposition of the effects of all the effects

Mgq VEd Tgq )
As - Asl As + Asl
- (ASW/S)V (ASW/S)T (ASW/S)V+T

> A +Ag=7¢20 + 6414

mZ

- (Asw

S

m
) =1.876 + 0.513 = 2.389
V+T mm
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Detailing of reinforcement

Structural elements are subjected to Mgy + Vgg + Tg4

A
2 ( SW) —1.876 + 0.513 = 2.389
S V+T

For n=2 Agy =24y =7 mm?
- Snec = ! mm
> Serf =7 mm < Sy = 80 mm

Dr.ing. Nagy-Gyorgy T. © Faculty of Civil Engineering



Reinforced Concrete II. / Beton Armat Il.

Detailing of reinforcement

Structural elements are subjected to Mgy + Vgg + Tg4

A
2 ( SW) — 1.876 + 0.513 = 2.389
S V+T

For n=2 Agy =2-Ap10 =157 mm?
- Snec = 65.8 mm
> Serf = 60 mm < sp;, = 80 mm

02. TORSION / TORSIUNEA
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Detailing of reinforcement

Structural elements are subjected to Mgy + Vgg + Tg4

A
2 ( SW) — 1.876 + 0.513 = 2.389
S V+T

For n=4 Ag, =4-Ap10 =7 mm?
> Snec = ! mm
- Serf =7 mm > Smin = 80 mm

< Smarx = Min(0.75d,u/8,b) = 400 mm
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Detailing of reinforcement

Structural elements are subjected to Mgy + Vgg + Tg4

A
2 ( SW) —1.876 + 0.513 = 2.389
S V+T

For n=4 Ag, =4-A4p10 =314 mm?
> Snec = 131.5 mm
- Seff = 130mm > sy = 80 mm

< Smax = Min(0.75d,u/8,b) = 400 mm
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

Detailing of reinforcement
7¢20

PEd —_ 4‘00 kN
2 x $10/13

A

50 mm

50 mn
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Reinforced Concrete II. / Beton Armat 1. 02. TORSION / TORSIUNEA

THANK YOU FOR YOUR ATTENTION!

Dr. NAGY-GYORGY Tamas

Professor

E-mail: tamas.nagy-gyorgy@upt.ro

Tel: +40 256 403 935

Web: http://www.ct.upt.ro/users/TamasNagyGyorgy/index.htm
Pry; = 400 kN Office:  A219

50 mm

50 mn
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