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OBJETIVES

e Define and determine the shear centre

e Estimate the shear stress distribution by a alternate method to the
proposed in section 2

e (Calculate the shear stress distribution on multiple cell sections
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Concept of shear centre

Alternate method to calculate shear stress
Stress field on multiple cell sections
Combined open and closed section
Summary
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Sp
[ 5(s)-sena-e(s)-ds = Q,
0
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Jt25(5)-(5)-1(5)-ds = My

A torsion moment is induced by transverse loads
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A
Qy |
M- ’\ O Shear force, Q,
© / > —_- Shearforce, Q,
I’(S) ) /// Torsion moment, M,
o\ - — Tzs(s) ’
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Sp
ITZS(S) e(s)- r(s)- ds = Qy Xe —Qx " Ye
A 0
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o X' >
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=~ Ye=-b
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Example q(s)=- o
[y
2 @ I S: ¢
S,
C a

q(S)Z—g)./I.e[h'b-l-hS—Szz] N
X , d@s)

A 4
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Sp
Eramle [ 47 -ds=-0, ¢
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Alternative method to calculate Shear
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The solution for a shear loaded closed section beam follows a similar
pattern to that described in previous slides but with two important
differences.

* First, the shear flow includes the effect of shear force and the induced
torsional moment (if shear force is not applied at shear centre)

e Secondly, the shear loads may be applied through points in the cross-
section other than the shear centre so that torsional as well as shear
effects are included. This is possible since shear stresses produced by
torsion in closed section beams have exactly the same form as shear
stresses produced by shear, unlike shear stresses due to shear and
torsion in open section beams.
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The shear flow can be calculated including the torsional as well as shear effects in one
expression

In a beam subjected to transversal loads, both
shear flow and normal stress appear

X The equilibrium of a differential
element in the =z direction,
neglecting body forces, yields to:
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Integrating as before

'Ix-t-ds—[Qy ly Py ﬁy-t ds
0

2

.IX-t(S).ds—(Qy R R }Ty -t(S)°dS+CISO

2

CI(S) = Qb(s)"' Qs,
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We obtain g, by supposing that the closed beam section is cut

Q y
' at some convenient point thereby producing an open section
cut”
T dy -0, -P.. | S S
;: qbz_[Qx X Qy2 Xy]-IX-t(S)- S _ (Qy y Qx } J‘
S, _ iy -ly =Pxy 0 iy -ly - 0

The value of shear flow at the cut (s = 0) is then found by

4

equating applied and internal moments taken about some R
convenient moment centre
Qx Mo —Qy S0 :j?q S 'p S 'dS
Qx Mo Qy ‘:o_i{qb )ds"'qs f’?p
Qx Mo —Qy -&o _§Qb(s)' p(S)-dS 0 Q
ds, = 20 2-Q=§p(s) ds

Q) is the area enclosed by.the mi
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j
qopen + q Jo

j
qopen + qj0
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Solution process for a section with n cells:

- The section in divided by n-cuts —
qopen

- Each cell is solved as open

- Imposing in each cell:

Sp
_‘.7/zs°dS:O
0

System of n-equations with
n-unknowns

{(qopen_l_qjo)_ :[(qopen+qlo_q' )'dS-I—
JD‘(qopen +qjo). f(qODGH qlo qko)-dS=O
C D
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J
Dopen T4,

Dopen T 94
j"(qojperngo)'ds_i_j‘(quen +gj ql ) dS+
A B
.T‘(chpenG qlo) dS+f(quen 9, qk")-dS—O
c D
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Example
e=0,5 cm
vy | L=50 cm
°|
i h=12 cm
T R=6 cm
A Qy: 1
h 2 -
X
1
S = > ] >
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Cuts at points 1 and 6

Y, Y
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Example
< Skin 12
Ay 4—2 2
2 * 9'51
| A mex —
S 2
1 ! 2
- e-s,
e © %)=
S5 " lx
® v
5
-
Sy
Skin 23 Skin 63
. e-h® h.e-s, . €Sy
m,, = + m, =
8 2 2

e-h h e-s’
qa(S):—W-(Szﬂ-Zj qa(S):—Z.IG
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Example
< Skin 15
Ay 42_ 2
2 * 9'55
?. mex:_
s 2
el e-s
® >X qa(S): 5
35 2.IX
.V
5
-
Sy
Skin 54 Skin 64
. e-h> h-e-s, . e-s
mEX:_ + mexz_
8 2 2
2
e-h h €5
q,(S)=——"| S, +— d.(s) =
+(9) 2.1\ 4 240
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Example
S
: .2.
S S
6 1. 1
o
L X
Sy Se
' o Skin 34
5
4_
Sy
. e-h* h-eL f e-h* h-e-L
m,, = + +IR-cosa-e-R-da: + +R?-e-sena
4 . 4 2

G(@)=-1"1"2*"3
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Example | Shear flow in open section

A 4

A

/8
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s, skin12 | q(s)=0.(s,)+ay

] LI IR
S

—
oN 5, X
— skin63|  0(S)=0(Ss)+ 05 —0f
Sy

skin64| q(s)=0a%(s,)+a° —qs  |skin1s|  q(s)=0"(ss) -

skin34 | q(s)=q*(a)+q’ Skin54 | q(s)=0,"(s,) -
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Example
S3 ; y A <S—2 , In cell 1
A A L
.686 1] S1 _ I(q2 +q1) ds +I(q§3(sz)+q1°).dsz+
0
v S7 SSX % % 64
; — ! )+ - dse+!(qa (3;)- 05+ )-ds, +
Sy L L
o j I(qa (35)—q1°)-d55
Imposing in each cell: 0

_)
> €(s)
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Example
S
S3 V) — In cell 2
3 2
| 86 1 Sl %
6 1 > 4 64 0 0
S, X j(q a)+q;)- R-doc—g(qa (s,)+0 —g5)-ds, +
4 ‘_.; )
s, +£ ~ 7 +5 ) - ds, =
Imposing in each cell:
37,58
S, q =——
jq_) _ )
o 1S o (1,44

Oz = I
X
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Example 99528
IX
28,58
; |
37,58
N |
—_— 28,58

IX

28,58
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t=2mm
L =200 mm
Example
Yy A
t l Yeom = 125 mm
., = 14.5-10 mm?*
T G=25000 N/mm?
L/2
' com
X
ycom
L/2
< - J. >re i >
L/2 L L/2
Q, = 100 kN
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Shear force Q, Cuts at point O
S S S S
0 22, 3B B ,6 T 7
]
0 S1 Sell g
ql + 1
Ss
—
4 5
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Shear force Q, Skin 23
S
- SZ_’ ° <io ° ~—» 6 137 7 Q, rs
0 Os(S,)=——%["2-75-ds,~345=-345-1.04-5,
T S4 S9 Ixx
S1 1 Sell g qz{%j =033 =—138.5N /mm
Ss Jer (57): 023 (Sz)
—
4 5 U667 = U323
Skin 12 Skin O3
S Q S3
0 (5,) = —?—yjol 2(~25+s,)ds, =—69-107*(s ~50s, Qo (S:) = —ifo 2-75-ds, = -1.04-s,
L
qu(%j =(, =—34.5N/mm QOa(E] = 0305 =—104N /mm
q78(36): qu(Sl) qoe(Sa): q03(53)
Jd;, =0, U606 = Us 03
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Shear force Q, Skin 45
S S S S
2 2, 5 4—3. ° 5 ,6 7 7 o
T 341 0 sgl Oas (S5) = - . IOSZ-(—125)-ds5—172.5=—172.5—1.725-35
1 1 R q45(2 =0
Ss Ous(L) =0, =172.5N /mm
E—
4 5

Skin 34 G134(0): U330 = U323+ U503 = —242.5N /mm

Qs (S, )=~ I (75-s, S—242.5=—242.5—1.04S4+69-10_4Sf

Oae (L )— q, = —172.5N / mm
Oga max = g (75Mm) =—281.7N / mm

Os6 (59 ) =0 (34 )
J; =0,

Authors: Enrique Barbero Pozuelo, José Fernandez Saez, Carlos Santiuste Romero




& Universidad

Carlos Ill de Madrid Combined open and closed sections

Shear force Q, 138.5 N/mm §
104N/mm | \
345N/mm ¥ _ _— § - \
— . >
2425 N/mm | |
281.7 N/mm
172.5 N/mm
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Shear stresses

d(s)=09(0)- Ky -Qy +-K, - Q,

s - jy(s)-dA:Ty(s)-e(s)-ds

jx )-dA = jx )-ds
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Single cell closed section

Q a(s)= () + 9(0)
| S’M.ds

a(0)= 2 &

e
20 |C
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Summary

Multi-cell section Dopen T4,

q(;;)en q;
j"(qojperg Qjo ) ds_i_j‘ (qojpen +gjo qlo) dS+
A B
.T(quen—i_ql")-dS‘l‘f(quen qjo qk°)'dS—O
C G D
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