RC Section Design Torsion

For diagram, we assumed:
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Fig. 1 RC Beam Section

b*h
2* (b+h)
400 mm * 600 mm
2* (400 mm + 600 mm)
120 mm

Effective thickness of walls tefi =

(Fig. 6.11)
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Engineering Analysis Diagrams
Geometry
RC section design torsion - Section
Shape rectangle
Width 400 mm
Height 600 mm
Effective depth 450 mm
Shear Rebar.notation R12@150c/c
Design action
RC section design torsion - Design action
My 185 kNm
Fy 225 kN
Mx 55 kNm
Material
RC section design torsion - Material
Concrete.strength 28 MPa
Steel .strength 500 MPa
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Areaenclosed by lineof wall Ak

(Fig. 6.11)

Perimeter for line of wall Uk

(Fig. 6.11)

Strength Reduction Factor of %
Concrete

(Eq. 6.6N)

Design shear stress ViEd
Torsion shear stress ttEd
(Eq. 6.26)

Concrete Strut Angle 0
(Cl. 6.2.3(2))

Maximum Torsional
Resistance

TRd,max

(Eq. 6.30)

(b —teri)(h —ter)
(400 mm — 120 mm)(600 mm — 120 mm)
134400 mm?

2* ((b—tetj) + (h—ter)))
2* ((400 mm — 120 mm) + (600 mm — 120 mm))
1040 mm

0.6 * (1 - f4/250)
0.6 * (1 - 28 MPa/250)
0.53

VEdmax ! (0 * d)
225 kN / (400 mm * 450 mm)
1.25 MPa

TEd,max
2% Ax* e
55 kNm
2* 134400 mm? * 120 mm
1.71 MPa

2* (Vted/ 0.9 + tieq) )
Oow * feg* V
2* (1L.25MPa/ 0.9+ 1.71 MPa)
1* 28 MPa* 0.53 )
12.34° < 21.8°, take 6 = 21.8°

0.5* Asin(

0.5* Asin(

2*V1* Qew* fod® Akt ter,i* SIN(O)* cOS(0)
2*0.53* 1* 28 MPa* 134400 mm?* 120 mm*sin(21.8)* cos(21.8)
165.05 kNm
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Maximum Shear ResistanceV rg,max

(Eq. 6.9)

Combine Check for Concrete Section

(Eq. 6.29)

Torsional Resistance Moment Trdc
without Reinforcement

(Eq. 6.26)

Concrete Factor Crdc

(N.A. C1.6.2.2(1))

Reinforcement Ratio P1

(C1.6.2.2(2))
Depth factor, k k
(Cl. 6.2.2(2))
Minimum Shear Stress Vimin

Oew* D*09* d* vy * fqg

cot(8) + tan(0)

1* 400 mm* 0.9 * 450 mm * 0.53 * 28 MPa

cot(21.8) + tan(21.8)
828.95 kN

TEd,max + VEd,max

TRd,max VRd,max
55 kNm + 225 kN

165.05 kNm 828.95 kN
0.6 <=1, pass

2% Ak * ferg* te
2 * 134400 mm? * 28 MPa* 120 mm
903.17 kNm

0.18
Ye
0.18
15
0.12

) Ag
.02
mln(d*b,OO)

1472.62 mn?
450 mm * 400 mm
0.008181

min( , 0.02)

1+ (200/d)°S
1 + (200 mm/450 mm)°°
1.67

0.035 * k3/2 * (fck)o.s
0.035* 1.67%2* (28 MPa)®®
0.4 MPa
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Design Shear Resistance VRdc

(Eq. 6.29)

Combine Check for Concrete Section

(Eq. 6.31)

Required Area of Additional Ag req
Longitudinal Reinforcement
for Torsion

(Eq. 6.28)

= Crac* k* (100* p1* fa)'** b* d

102.45 kN

VEd,max

VRd,c

225 kN
102.45 kN

T
— Ed,max +

TRd,c
55 kNm
903.17 KNm

Tedmax * Uk * cot(0)
2% Ag* fyd
55 kKNm * 1040 mm * 2.5
2 * 134400 mm? * 434.78 MPa
1223.59 mn?

Suggested Longitudinal Side Rebars Arrangement

bars area | util %
4T20 | 1256.64 | 97.4
12T12 | 1357.17 | 90.2
8T16 | 16085 | 76.1
. . Asw req - TEd max
Required Areafor vertical : = :
& 2% A * fya* COK(O)
reinforcement 55 kKNm
2% 134400 mm? * 434.78 MPa* 2.5
= 0.19 mm%¥m
i . _ . Uy
Maximum Vertical Rebar  Symax = mi n(T ,b,d)

Spacing

= mi n(% , 400 mm , 450 mm)

= 400 mm
Suggested Vertical Rebars Arrangement
Bar Dia. | n_legs | spacing | As s(mm2/m) notation
8 2 200 0.5027 R8@200 2 legs
12 2 200 1131 R12@200 2 legs
16 2 200 2.0106 R16@200 2 legs

0.12* 1.67 * (100 * 0.008181 * 28 MPa)*** 400 mm * 450 mm

2.26> 1, Torsiona Reinforcement Required!
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20

2

200

3.1416

R20@200 2 legs
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