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Combined Design Method for Shear and Torsional Moment

Chang-Shik Min"*
YDept. of Civil and Environmental Engineering, Dongguk University, Seoul 100-715, Korea

ABSTRACT Both shear and torsional moments apply shear stresses on cross-section of a member, which need to be considered
in the design. But in the current Korean Building Code, the design equations for shear and torsional moments are expressed in terms
of the sectional strength with different units, causing figures to be drawn separately in two axes. If the design equations are
expressed in terms of stresses, then the stresses of shear and torsional moments can be added, allowing figures to be drawn in one
axis for easy recognition of the design procedure and the final design results. Moreover, the current code’s design equations for
shear and torsional moments are considered separately with the intention of summing the area of stirrups with respect to unit length
for shear moment (4, / s) and torsional moment (24, / s). Since the size or type of vertical stirrups are predetermined in the design
process, the design equations are expressed in terms of the spacing of stirrups rather than the A4, /s and 24,/s terms, clarifying

various design steps and a design process.

Keywords : combined design of shear and torsional moment, shearing stress, torsional moment stress
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Shear stresses Torsional stresses
(a) Hollow section

Fig. 1 Addition of shear and torsional stresses”
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Table 1 Design procedure for shear reinforcement based on the current Korea Building Code

Steps Contents of design or calculations
Draws V,/ ¢, distribution and determine 7,/ ¢, of the critical section assumed at a distance of d from the support. @,=0.75
| Mok < 84 MPa— £, <70 MPa; £;, <400 MPa
Factor A Splitting strength f;, given : taken A A/E( <« 1.76f;,, 1.76f,< A A/JZC
actor
If not given: 1.0(normal aggregate), 0.85(sand lightweight), 0.75(all lightweight)
detailed V, = (0.16Aff.,+ 17.6p,V,dIM,)b,d Vdl M.<1.0:
No axial ctaile y ) ’
w = AS / bwd
forces <(0.2901, /1. )b,,d A
simp. V.= (M Jf./6)b,d
tetailed V, = (0161 Jf., + 17.6p,V,d/M,)b d
Axial etaile M, =M,—N,[(4h—-d)/8
<
compression — [0'297“/5" 1+ N,/B34)1b,d N, : compression +
simp. V.= [(1+N,/144 )0, [f.,/61b,.d
Calculate Axial detailed | ¥, = [(1+N,/3.54,)[f.,/6]b,d .
2 . N, : tension -
V. tension simp. V=0
Vei = O'OSXﬁbwd+ Vat ViMoo My V. =smaller value of (V,; or V,,)
detailed | > (0.141, )b, d Mo = y)OSANf o+ Free=S)
o2 047, Vo = (0290, [f+ 0.3, )b, d+ 7, Vp=Pe sind
(d=0.8h) V.2 (AJf./6)b,,d
V, = (0.050,[f, +4.9V,dIM,)b,d s
simp. V. <(5MJff/12)b,,d
<smaller value of (V,, or V)
vd! M,<1.0
Viloy<V,/2 No shear reinforcement required
3 Provide minimum Space limitations :
< < .. .
Vel 2<V,los <V, shear reinforcement Stnay = d/ 2 < 600 mm Minimum reinforcement:
o V=T or Ayminy = 0.0625,/f.,b,,5/f,,
Vi< (Jfar3)bud =0.75h < 600 mm >035b,s [fy
5 c =204 f,,:
4 A,/ s2 Vsl fud S(may) = d /4 <300 mm Tpe 2 04 Jpu
Vo< Q2 ffol3 oyd or Ay < 2lpus F
=0.375h < 300 mm 80 f,,dn b,
V> 2A/fj,(/3 b,d No good> increase the size of the section or the compressive strength of concrete
5 Check minimum space Smin) = dp T (4/3)Aay; Amax the maximum size of the coarse aggregate
(D Between anchored ends, each bend of stirrup shall enclosed a longitudinal bar.
(2 For D16 bar and smaller, a standard hook around longitudinal reinforcement ; D19, D22, and D25 stirrups
Check with £;,> 300 MPa, a standard hook around a longitudinal bar plus an embedment between midhight of the
6 stitruns member and the outside end of the hook equal to or greater than /;=0.17d,f,,/ JE(
P (3 Pairs of U-stirrups or ties so placed as to form a closed unit shall be considered properly spliced when length
anchorage
of laps are 1.3 1,
@ For torsional reinforcement, provided capped or two piece stirrup-tie with simple U-stirrup of a 135-degree
standard hook around a longitudinal bar.
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Table 2 Design procedure for torsional moment reinforcement based on the current Korean Building Code

Steps Contents of design or calculations

Equilibrium torsion | Obtain 7, from the equilibrium equations
RC members : T, = (kﬂ/a ) A2 p/Dep)

YN/ / N, /A
Axial forces: T, = ( A,/’E‘ J( ] (N, : com. +, tension - )
Compatibility torsion > 7»,\/71(/ 3/\Pep
2
A
PSC members : T, —( “/_]‘ 1+ T J[ Pj
1 7\.,\/_](/_) pcp

Draws T, / ¢, distribution and determine 7,/ ¢, of the critical sections (¢, =0.75) ; the critical section : RC - a distance of
d from the support ; PSC - a distance of 0.5% from the support

Jfx <84 MPa— £, <70 MPa; f,,<400 MPa

Splitting strength f;, given : taken XA/E( « 176, 1.76f < XA/E(
If not given: 1.0(normal aggregate), 0.85(sand lightweight), 0.75(all lightweight)

A

Rectangular section : Aip = bi . hz,pcp = 2(b,,+h)

Hollow section : If satisfy 4,<0.954,,:use 4, instead of 4,

RC members : (XA/f;(/U)(Aip/pcp)
Axial forces :
2 o . .
) Ek Al/?( 14 Nu/Ag] {Iﬁ ] Satisfy : No need to consider torsional effect
A3 \P >T,
JE{ & u s Not satisfy : Need to consider torsional effect in the
PSC members : design. Move to step 3.
2
£
12 AJfi3) \Pep

In case of t<A,,/p,:use T,/ 1.7t instead of T,pj,/1.74y;: ¢t wall thickness of hollow section

Rectangular section : Ay, =x - vy = (b,,—90)(h—90), p, = 2(xy+y,) = 2[(b,,—90) + (h—90)]; x, ¥, shorter and
3 longer distance of the center of closed stirrups assume the distance from center of the stirrup to the skin of concrete as 45 mm.

Solid section : A/( Jb,d) +(T,p,/1. 7A0h P RE N 2.fu Satisfy <O.K.>; Not satisfied — increase

Hollow section : V Jb,d+T,p,/1. 7A = b,d the section size or fi;

oo <0.4f,:0=45°
: : . A,=0.854 3 2

Vertical reinforcement : Oh fre204f,:0=375°
4 A, T,/o, Space limitations : $(max) = py/ 8 <300 mm

s 24,f,coth Min. reinforcement : (A, + 24,)yin = 0.0625 [fo, b5 /£, = 0.35b,s /£,

Provided for a distance of at least (b, + d) beyond the point required
A4,/s20.175b,,/f,,
S AN (N Min. reinforcement : Aypmin) = 0.42 [fo Aep/ fy = (A1 $)01Fi 1)
4, = (?)Ph(%) cot'® Space limitation : sgyay < 300 mm
! Bar size limitation : dy==s/24 > D10 bar

Longitudinal reinforcement :

6 Combine shear and torsional reinforcement: A4, . ,/s = (4,/s)+2(4,/s)
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Concrete confinement (90 Hooks) Concrete confinement

(a) 2-legs, T-beam

No confinement (135° Hooks)

T
L

Provides (Ts+Vy/4)

(b) 2-legs, Rectangular

(d) 2-legs, edge-beam

(f) 6-legs + Capped tie

Fig. 2 Various closed two-piece stirrups and multiple stirrups (interior) with cap tie (outside) for torsion presented by CRSI (concrete

reinforcing steel institute)”
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Fig- 3 (a) Shear and torsional moment diagram; (b) cross section showing dimensions of closed stirrups
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EE AR EY HEYEWE 388 g AESH,
SVt V) ey Y. = 4.09+0.8165 = 4.91 (MPa)
> (Ve t Vi) ag) TV = 475 (MPa)
<o.k.>
® D10 2HHe] 714 FE 2 W 4 (17a)
v,=10.1535 MPa < /\/f;/:; = 2v, = 1.633 (MPa)

S(max)g ‘%]v/]\_ [é’p_h, 300’ Avfyr , Avf)‘}tj
28 0.0625,/f,, b, 0-35b,

Sean < H22 (198, 138, 300, 690, 603)= 138 (mm)

kA 10 mm ©]3HE WoWal D10 #H3 2HES

Mt H|ISEH2HE MAQ =8| 63
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Fig. 4 Required nominal shearing stresses distribution diagram for shear and torsional moment, and provided design strength for

stirrups

) 130 mm 7FA o2 WX sl=E s}

LSz = 130 mm <sgy= 138 mm <o.k.>

A (A& oM 130 mm= v AF9-o AAT
= ALk

Sy = L, +8)/s sz = 1,561 (mm)

Vo) = Ayl 18y 20,1 = 0.135 (MPa)

Sy = (8,88, 1805 = 1.091(130) = 142 (mm)
Viscan) = AifyCOt0/ [,y 511 = 3.32 (MPa)

Aekg 3} v EYw

= $eE o As
St vy tve = 345+0.
+4.

8165 = 4.27 (MPa)

vu/(ps+vts/(ps 1.094 +4.26 = 535 (MPa)

BETA 427 MPaslE $1X]¢] A2k
xX; = (427/535)3.5 = 2.79 (m)

MM A WA HH SEYHE el FEILE
D22 Zo] vjXE kil Kol w3dbd 1352 =68 mm +
2863 A4 10mm+ JEF4 40 mm = 120 mm E o] %]
A R sk, AA] v Etejol H= AE PO s AL
1 (2.79-0.12)/0.13=2.67/0.13=20.57] A8

0.12m ~0.12+0.13 x20=2,72m7+4 20-D10@130 mm

7vA o 2 vjX| (Fig. 4 )

WA 50 mm7kA] HH 2E S XStk B,
110 mm= wjx|sfjof == 77+ 9 #H3 =gy HF
AAF 1 (3.5-2.72-0.05)/0.11=0.73/0.11=6.6 ~7 7] +1
=87/ E vz

272m~272+7%011=349 m7+A 7-D10@110 mm 7}
Ao g wix| (Fig. 4 )
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Z H 2889 M4 =1+20+7=287)
@ =3k A9 A7) Table 29 @A 5 I

0.175b

SLA L= 0.57>[ W:0.118}

yt

= (4,/s,)p, = (0.57)(1,100) = 627(mm )>

A 0 42& (A0 Lt = 12 mm?
I(min) ~ 3 th

t y

A AE: 3Z202 vjx|3la,
Z(D13)e2 7Pyt

ZHA 171 mm < Sy =300 mm <o.k>
wEhA] U S 3F3 0= wiA| s
Zursk Ao A AE: db=s,/242D10°]%.
125/24 =52 (mm); A% D13 2,
dpaey=12.7mm >9.53 mm <o.k.>
F7k Zolgk wiekel 747k 27)¢] DI3 A2E )X
“ Ay = 2-D13 = 253 mm”

> [Ayra)y=4,/3=627/3=209 mm’] <ok>
%7k o] A8 ZE : Table 29 T 3

Jev2= - J854 = 2.9

(V z )—306 MPa) <ok>
bd3f—.( a) o.k.

FHZDO22)H 9 2

dp0)=

J0.728% +2.83
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