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CHAPTER 6

Torsion in Reinforced Concrete Beams

ABSTRACT

The average designer probably does not worry about
torsion very much. He/she thinks almost exclusively
of axial forces, shears, and bending moments, and
yet most reinforced concrete structures are subject
to some degree of torsion. Until recent years, the
safety factors required by codes for the design of
reinforced concrete members for shear, moment,
and so forth were so large that the effects of torsion
could be safely neglected in all but the most extreme
cases. Today, however, overall safety factors are less
than they used to be and members are smaller, with
the result that torsion is a more common problem.

Ali R. Emami
Reinforced Concrete: Mechanics and Design
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Design torque may not be
reduced because moment
redistribution is not possible
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Design torque for thIB spandrel
beam may be reduced because
moment redlstnbutton is possible
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FIGURE 15.1 Torsion in spandrel beams.
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~ with the beam for torsional design.



22.7—Torsional strength

22.7.1.1 This section shall apply to members if 7, > ¢p Ty,
where ¢ is given in Chapter 21 and threshold torsion Ty, 1s
given in 22.7.4. If T, < ¢ Ty, it shall be permitted to neglect
torsional effects.

22.7.2.1 The value of \/7 used to calculate T, and T,

[

- shall not exceed 8.3 MPa.

Shear flow (q)

(b) Area enclosed by shear flow path



22.7.4 Threshold torsion

22.7.4.1 Threshold torsion T, shall be calculated in accor-
dance with Table 22.7.4.1(a) for solid cross sections and
Table 22.7.4.1(b) for hollow cross sections, where N, is
“positive for compression and negative for tension.

Table 22.7.4.1(a)—Threshold torsion for solid cross
sections

Type of member T
2
Nonprestressed ;| Aep
0.083M\./ 1| =%
member z ( p@] @)

A> f
0.0830/f/| = | 1+ ——F—
Prestressed member \/Z ( 2 J\/ 033 \/Z' (b)

Nonprestressed A2 N
member subjected to 0.083M/f!| =2 \/ 1+ Y (©)
axial force Po 03341,

Table 22.7.4.1(b)—Threshold torsion for hollow
cross sections

Type of member T,
Nonprestressed 4
0.083\./ f/| =
member z P @)

A f
P 0.083A./f/| = | [+ —F =
restressed member /. [p } \/ 03NS (b)

o

Nonprestressed A2 N
member subjected to 0.0831/f7| = \/1 + —r= (c)
axial force Pe 0334,
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22.7.3 Factored design torsion

22,7311t T, = ¢T,, and T, is required to maintain equilib-
rium, the member shall be designed to resist 7,,.

9.4.4.3 Sections between the face of support and a critical
section located d from the face of support for nonprestressed
beams or A#/2 from the face of support for prestressed beams
shall be permitted to be designed for T, at that critical section
unless a concentrated torsional moment occurs within this
distance. In that case, the critical section shall be taken at the
face of the support.
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22.7.3 Factored design torsion

22.7.3.2 In a statically indeterminate structure where 7, >
¢ T, and a reduction of T, can occur due to redistribution of
internal forces after torsional cracking, it shall be permitted
to reduce T, to ¢ T.,, where the cracking torsion T, is calcu-
lated in accordance with 22.7.5.



22.7.5 Cracking torsion

22.7.5.1 Cracking torsion T, shall be calculated in
accordance with Table 22.7.5.1 for solid and hollow cross
sections, where N, is positive for compression and negative
for tension.

Table 22.7.5.1—Cracking torsion

Type of member T,
AZ
Nonprestressed member 0.331Jf_: [p—cpJ (a)
p

A f,
Prestressed member 0.33M/ f/ [_@J \/ 1+ —— (b)
2, I\ 033F

2

Nonprestressed member 7| A W,
0.331/ fc[ J \/1+ T | ©

D, 03341/ 1,

subjected to axial force
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22.7.6 Torsional strength

22.7.6.1 For nonprestressed and prestressed members, 7,
shall be the lesser of (a) and (b):

24
(@ T = ﬂcotﬁ (22.7.6.1a)
§
2A A
(b) T, = 2440 ot6 (22.7.6.1b)
P

where A, shall be determined by analysis, 0 shall not be
taken less than 30 degrees nor greater than 60 degrees; A, 1s
the area of one leg of a closed stirrup resisting torsion; A, is
the area of longitudinal torsional reinforcement; and p,, 1s the
perimeter of the centerline of the outermost closed stirrup.

22.7.6.1.1 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
- permitted to take 4, equal to 0.854,.

Closed stirrup

_—1

A,n = shaded area

Fig. R22.7.6.1.1—Definition of Agp.

Yy



Longitudinal bar

-
Concrete ™~
compression
diagonals

Fig. R22.7.6.1a—Space truss analogy.

Fig. R22.7.6.1b—Resolution of shear force V; into diagonal
compression force D; and axial tension force N; in one wall

“of tube.
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R9.5.4.3 The requirements for torsional reinforcement
and shear reinforcement are added and stirrups are provided
to supply at least the total amount required. Because the
reinforcement area A, for shear is defined in terms of all the
legs of a given stirrup while the reinforcement area A4, for
torsion is defined in terms of one leg only, the addition of
transverse reinforcement area is calculated as follows:

Total(i) A 4 (R9.5.4.3)
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22.7.7.1 Cross-sectional dimensions shall be selected such
that (a) or (b) 1s satisfied:

(a) For solid sections

vV ’ T p, ’ V. :
\/(b;i] +[1.;ijh] 54’[1, d+°-66~/f] (22.7.7.1a)

w

(b) For hollow sections

V, T,p, < v, y
(bwd}_F {1,714; } - q){bwd + 0'66\/Z] (22.7.7.1b)
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9.7.6.3.1 If required, transverse torsional reinforcement
shall be closed stirrups satisfying 25.7.1.6 or hoops.

9.7.6.3.4 For hollow sections, the distance from the
centerline of the transverse torsional reinforcement to the

inside face of the wall of the hollow section shall be at least
0.54,./ps.
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9.7.6.3.3 Spacing of transverse torsional reinforcement
shall not exceed the lesser of p,/8 and 300 mm.
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9.7.6.3.2 Transverse torsional reinforcement shall extend

a distance of at least (b, + d) beyond the point required by
“analysis.
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9.6.4.2 If torsional reinforcement is required, minimum
transverse reinforcement (A4, + 2A4,),.:,/s shall be the greater
of (a) and (b):

(Y#-A)

(a) 0.062\/7;?—“’ (b) 0.35?—“’
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9.6.4.3 If torsional reinforcement is required, minimum
area of longitudinal reinforcement A;,,;,, shall be the lesser

of (a) and (b):
’ ACP _ Ar f.Vf
(a)0.42,/f. 7. [ p ) D, —fy

4
(b) 0.42./f” ;" - [0.1;513“, ]ph %
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9.7.5 Longitudinal torsional reinforcement

9.7.5.1 If torsional reinforcement is required, longitu-
dinal torsional reinforcement shall be distributed around the
perimeter of closed stirrups that satisfy 25.7.1.6 or hoops
with a spacing not greater than 300 mm. The longitudinal
reinforcement shall be inside the stirrup or hoop, and at least
one longitudinal bar or tendon shall be placed in each corner.

9.7.5.2 Longitudinal torsional reinforcement shall have a
-diameter at least 0.042 times the transverse reinforcement
‘spacing, but not less than 10 mm.

9.7.5.4 Longitudinal torsional reinforcement shall be
developed at the face of the support at both ends of the beam.
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9.5.4.5 It shall be permitted to reduce the area of longi-
tudinal torsional reinforcement in the flexural compression
zone by an amount equal to M,/(0.9df,), where M, occurs
simultaneously with 7, at that section, except that the

longitudinal reinforcement area shall not be less than the
minimum required in 9.6.4.
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