4.8 Strut and Tie models

4.8.1 Introduction

-Morsch. Johansen
-Schlaich in Stuttgart

4.8.2 The single strut
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If Y, is given
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4.8.4 Effectiveness factor

Roikjaer
V= () B HO L)

f,: v decreases when f_ increases

f,: size effect
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f,, f, — softening
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Chen

0.6(2—0.4;‘)(y+2)(1—0.25h)

V=
It
2 25
h
y <2%
h<1.0m

a
Strut sol. for h <2
a
v=v, for —<0.75
h
a
v=v\, for 0.75< M <20

a
The low values of v for F around 2.5 due to sliding in initial cracks

CAB more dangerous than yield line CB.

Fan-shaped Stress Fields

mt

v —l T
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Y 1 dw
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” . N * oy
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x+dx+(w+dw-z-dz)(k+dk)-[x+(w-2z)k]
=x+dx+(w-z)k+(dw-dz)k+(w-z)dk+(dw-dz)dk-x-(w-z)k
=dx+(dw-dz)k+(w-z)dk
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dja=dx+(dw-dz)k+(w-z)dk
doe pek = dwes
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Let M=w-2Z
dm dw dz
= (6)
dx dx dx

Eq(b) is rewritten as
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SR=TE T (e
dx dx dx
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Integration of the above
€3 -Dx-Ci=mk > (g)

Sub. Eq(c) into eq(qg) yields
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From eq (@)

dw _rdz 9y
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Sub. eq (a)" into eq(h) yields
(1 )8y

dx

Sub. eq (€)' into eq(h) yields
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Another Fan-shaped Stress fields
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4.8.5 Fan-shaped compression stress

1) Concentric fan

4

C C: negative

Eq(a) written alongs...

C
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r
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174
P, — Y > X
g
o, sindcosd=r,,
o, 08’0 =0,
" cos?d cos’é
From eq(a)
Pa=c
Since o, =P along y=a
c
o, =——(a)
o, =—C0S6
a
%y (b)
o. = —
" cos’d
P _¢
cos’d r
_Pr
cos’ 6@
Hence
o _¢c_ Pr 1 Pr cos¢ Par_ Pal
"r  cos’dr cos’Hd a cosé a’ cos’fr
Along any other horizontal line
y=b
Pa cosé Pa
0,=0,008"§ =———————C0s* = ——
cos°d b b

Since
7,y =0, Cos@sind

7, =0, tané
Along y=a
r,=—Ptanéd
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Along y=b

Pa

Ty = —Ttan 0

Resultants: vertical
B = Patan & : horizental

P, :%Patan2 0

Infinitesimal element
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Vertical Equilibrium

,odx=V—Y dx—dzk+(£—zjdk
2k 2

k$+£k—1=(£—z]%—> (a)

dx Vv, 2 dx
x__g1 — (b)
dz p k

Sub. eq(b) into eq(a) yields
Pye_2Py +1:(£—z]%

q V, 2 dx
Yield condition along bar : bond failure
V.
7, =—
2
p&Qg— f,
Let,
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Equilibrium
(dx+ hdk)sin @ - Cotop = dxsin - o, pouom

— dX 'Jz.bottom _ O-Z.bottom
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o ottom
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4.9 Shear walls

@  Strut action (strut alone)
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Moment about A
Th =2N _ Pe+asyo't(h—y—°)

yo yo 1
T, = f. cos’ @ ——N
0 h h (y- )

Projection
C,=T,—Y,tf_cos’0+N

For design

016

SN

@ strut and diagonal compression field

@ Minimum reinforcement @ ;

From single strut model

1
==h
Yo 5
tan@:ﬁ:u
Yo a+X,

o, =—0,c0s* 0 =—7,Coto
o,=-0,sin*f=-r tand

7, =|7,,|=0,C0s0sIin0

1 a a
—thf /a+ 2=
strut 2 |: (h) h}

The shear stress 7, which has to be carried by the triangular areas

PP,
th-y,)

Ty

T, =
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Vertical reinforcement jae y-dir.
o,=-0,sin*f=—r tan o
rf, =rtand

Concrete stress
— Tt

" sinfcosd
The maximum force by setting

O

O-C = fC
P = (h-y,)tf, cosdsin @+ P, = atf_sin* 6+ P, =atr, tan 9+ P,
T, &C,

' _v 2
T, =E+3/Lt(h—£y()')1‘C cos? ¢9+1Mrt coto—1N
h h 2 2 h 2

Co =T, — Yo tf, cos? @ — (h—y, )tr, cot+ N

In case of yielding of a uniform horizontal reinforcement

N— |—

— T, =T, —% r f, ht

-— ——p
—:T_I(—e ,
P C, =C, +r,f,ht

Forces in flanges shear stress 7, is constant
C, =C, +rat

T, =T, +rat

® diagonal compression field P is maximized

-0, = f, with angle € in the whole wall

P=P_ = fht
2
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Eq(4.9.1) <P <% f ht

_P
ht

=1, cosesinezé f,sin20

T

sin 29:%

c
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-Vertical reinforcement ( & ZQ )
r,f, =7 tand
Unit load per unit area

)

i

-Horizontal reinf (N 2 &=
(4.9.12)je(4.9.14)
T, & ZdZAlIZICH

-Stringer forces
C, =C,+rat
If a prescribed mini reinforcement is utilized to carry the load

@ —iteration is needed.

Max capacity
P=P,. = i f.ht
2

Or
P =atf_sin?0+P, =atr, tand+P,

Between two P, determine € from diagonal compress field.

r=f, cosesinezé f.sin20

sin 20:%

c

Necessary reinforcement

(r,fy, =7 tand)

@ Max P
To:E+£ht1cot6’—£rfoxht—£N
h 2 2 2

C,=T,—-htrcotd+r, f, ht+N

N=0 and e=0
r, f,, =zrcotd
P =atr, tan 0+ P,
P fy
~ht

When,

T
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(r, fy, =7,tan 6)>(4.9.20)

r,f f
P:aty—Y;-tam9+PS:z// a-t-r,f, +P

tan r, fy
P 1 r 1 a ? a a
—=—=—==| [1+|=| ——|+w¥—
ht . f. 2 h h h

Diagonal compression field

o, approaches to f;

r,f, =—f.sin6 > (496

sinez\/;

r=f_cos@sin@ = f 1-sin’Gsind = f_Jw(l-y)

4.9.3 Diagonal compression field solution

7

- /

— steeper : economical vertical reinforcement

Homogeneous stress economical vertical reinforcement Field solution

assuming horizontal web reinforcement jee only one redundant normal stress in the web.

Min. reinforcement
N<zht o,=7

N
tht < N <+/2zht Oo =1y

J2rht <N < 27at ++/27ht o, =21
* Horizontal reinforcement

1) N <rht
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0y =T7

rf,=r——

ht
*Web reinf.
rf, =t

c,=21
2) Other cases : only vertical reinf. is necessary

T
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e
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Moment about middle point of a’
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1, 1
E(a +Xo ) Xotf, = Yotf (h—z yoj

% =1-\1-(L+y)y cot® 0

Now
h—y,
XO
r,f, coto(@’ —x)+r, f, cotgx=y,f
Yo

X_ h
h w(cotéd—cotéd)

tan g, =

C

w cot? 6 —

Region I.

% =y (1+cot? §)

o, 1  (cos*@+sin®@
f, VsinZo sin @
Region I

% =w(1l+cot’6)

c

147




