2.2.2 Disk of orthogonal reinforcement

Consider a square disk of a unit length under shear and normal stresses
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« Total stresses are decomposed into concrete and steel stresses
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« principal concrete stresses are denoted as o, O,
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¢ YVotl
X / @ compressive strengths
fo="f+f=(1+D,)f,
fy="f, +f =(1+d))f,
® pure shear
e concrete : uniaxial stress state
Oy = 0, O, =—0¢
. steel: f, =1, f, =f - ductie
O =-Zc_Ze o520
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=—&(1+ €0s26)
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=-o,sin’ @
O =-Zc %520
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:—%(1+ €0s26)
y I =—0,sin’ 0
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> Toy =5 SIN20 =0, sindcos o
*S%fz X
GCX 't: Xf
3F, =0 ) Aty -
P o.cos"0-t=Af,
o, t=Af
ZFy =0 : ! . 5 Y - @
A o.sin“0-t=Af,
(O-cx,fcy)
m From Eqgs. @ & ®
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Since ® = @
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f,=o0,sindcoséd - ®

Substituting ® into © yields
f —Agx—fysin fcosf = f tand

' tcos’d
=, f\u
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f,=df, /qusz 0,0, - @
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First yield condition (No crushing failure of concrete)
o, < f,
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——=0 (1 f.<f
sin@cosé (Lru)fo<
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(DX
®, +®, <1 Max reinforcement
Under pure shear — different approach!

Aim is to find the shear strength f,

32



Subject to o, < f,

f=1,=1,=1

“//a D, f,
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Stress free
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f, =0, cosfsing
f,=0,f tang

f,-f,=0,® f?
i, =00, f.

to find f, under combined stresses
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(i.e. o, or/and O'y)
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(First term : , second term :

Equivalent stress
c=0f (0, =)

0, =0, =principal stress — 7=0
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0y=0,=0

=0

Keeping the steel stress = f,
And varying —f. <o, <0
o, =0f -@

of - f, <o, <df, - @

0X+O'y 1 2 9
o, = +\/Z(O'X—O'y) +7,,° - @

2
O'X+Gy 1 2 9
o2= 2 + Z(ax—ay) +7,7 - @
Since @ =B
o,to 1 2 9
of, = 5 y+\/Z(JX—Gy) + 7y
T .

» O
of — f \ of,
R=0 — 7=0
(®-1) fcS%(O‘X+Gy)—®fc+%((7x+0'y)ﬁcbfc

(©-1)f, <o, +0,-Df <Of,

—-(1-20) f, <o, +0,<20f  (FG Line)
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o,+o 1 2
[(ch— 5 y] =Z(JX_Jy) +T><y2
-®

—(of, —ax)(CI)fC —O'y)+Z'Xy2 =0
-®
Substituting Eqg ® into @
yields
Eq ®

\/%(O'X -0, )2 +rxy2 = Of, —%(Gx +0'y)
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N
D
X4 = (1+20)
C C
- BFG Region
at Point B
fSX = fsy = fY
0y =0,=0
(72 fy Gcl = O
o, L ¢
AN
PY = f, + Con’c
4 °
o, L
‘ e o o ‘
o, = Of fo="f, =1
! ¢ in BFG region : > Y Y
(p-1) f, <o, <pf, ~-f. <o, <0
Conical
—(®f, - 0,)(@f, —0,)+7,7 =0
GCZ
o bt
—f 0 f, FG Line

o, +0,=—(1-20) f,
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In DEH Region
At D Point

f
— f, y
fsx = fsy = _fY
Keep: o, =—T,
—f.<0,<0
Equivalent
o, =—(®+1) f,
0, =04+ 0y
=—Of - f,

—f.<0,<0 & o, =—f,
L —f. -1 <oy+o, <1,
—(®+1) f, <o, <-0f, -®

o, =—(®+1) f, -@
Since
2
Gzzax"'z'o-y_\/(o-x_ﬂro-y) "'Txyz -3
®=0
2
—(D+1) f, = Ox JZFGV —\/(UX _40”) +7,°

~[(®+1)f, +0X][((D+l) f +O—y:|+Txy2 =0 -®

We know that

0,+0,=0,+0,

o, =(1+CD) f.+o, to, -®
Substituting Eq ® into @ vyields

~(1+@) f, <(1+®) f. +0, +0, <-Of,
—2(1+®)f, <o, +0, <-(1+2D) f,
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At Line LG — Line NC < Line KH
fsx = fY

_ SX sy —
fsy - fY

Oy :0' O :_fc

s only change in steel stresses result in no variation of 7,
7,, along KH is constant in KHNC

In Region LMKN

AtpointL o, =0,
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Substituting —* =0, into the equations representing yield surface yields

T, 1) —(1—2<1>)sf—qu>
f_“ ¢
¢ —(CI)fC —O'X)(Cch -0, )2 +z'xy2 =0
7 ;
A2 wi=o (o)
7 c
Ty =,/Cch(q)fC —O'y)
Ty _ @_ﬂ]q)
fC fC
2) For the second region (constant
.
¢ Ty) Gf— -1+20

o [i-o)o

c

3) For the third region
—[(1+CD f +o ][ 1+ @) f, +O'J+Txy2 =0w - (**)
o, +0, =—(1+2®) f_ : EH Line
—(1+2D)f, -9
Subst|tut|ng (*) into (**) yields
[(1+@) f, +0, |[@f, +0,]+7,7 =0

2 2
o +[liolf | +[1ro ~O(1+@) |f2=17,"
X 2 c 2 c Xy
2
- 7, = 1fcz— ax+(1+®j f,
d 4 2

If we disregard the special condition for ® =0
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o +0,2—(1-20) f,
~(of, - 0,)(@f, —0,)+7,7 =0

Xy

In remaining region
o, +0,<—(1-20) f,

{1+ @)f, +O'X][(1+CD) f +O'y:|+2' 2_0

Xy

For more approximation

l1+d =1

—(1-20)=-1+20 =-1+(1+®) -1+ O = -1+

@ o,+o,2—(1-@)f, . —(Of, —O'X)((I)fc —O'y>+TXy2 =0
Setting 0, =0 — 7,, =,/(®f,—0,)

@ o,+0,<-(1-D) f,

7, =J(f.+0,) f,

Shear strength of
Think Process
@ Consider isotropic
@ Delete steel in y-dir, add tensile force @, f,

® Add steel GDy in y-dir, substract

The yield condition in the orthotropic disk
D, D, A

v
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[ONTo P
{
X . Same
. . orthotropic
1sotropic P structure
CDXZO \/\ O-y_q)xfc (Dy Uy_(l)cfc+q)yfc
D o D,+0,
o, =0, -@
O'y :O'y _(I)X fC +®yfc
:o'y—(l—y)q)xfc -@

()
Where y=—r
®X

Remind Eqg's (75) and (76)

—(of, —UX)(d)fC —ay)+rxy2 =0 -0
Substituting @&® into @ yields
—(CI)X f. —O'X‘)((Dx f. —O'y' —(1-u)®, fc)+'[xy2 =0
—((I)X f. —O'X')(,u(DX f. —Jy')+rxy2 =0
—((DX f. —O'X)(,uq)x f. —O'y)+Z'Xy2 =0
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A
Uy
(O] (ftx’ fty)
q))(
:O'X
A
D
(ftx'_ fc)

fC
» Ox
fC
isotropic
(-f.,—f)
f
I
(_ fc’_fty) f
f.+ fty
o,=———0,tA
f.+f,
A= n ftx - fc
f.+ fty
Where 77 =—
f.+f,

Oy, =—10y +77ftx - fc
For I region: o, >-no, +nf, —f

For I region: o, <-no, +nf, —f
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