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DESIGN OF ARTICULATION
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Section enlarged by
widening the girder web

Fig: Widening of girder near articulation location
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What is Articulation

Section may be
Inadequate for
shear or moment

» The connection between the suspended span and the edge of the cantilever is called

‘Articulation’.

» The bearings at articulations can be in the form of sliding plates, roller-rocker arrangement

or elastomeric pads.



Beam ledge/dap must resist the
following

* Flexure, shear and horizontal forces at
location of crack 1

+ Tension at location of crack 2

» Punching shear at location of crack 3

+ Bearing force at location of crack 4

Ledge

Fig: Cracks at articulation

Bearing pad too near the
edge.

Breakout of the corner due to

bearing force Bearing pad must be

sufficiently away
from edge so that
45° crack line is
intercepted by steel.

Fig: Clearance requirement around bearing pad near articulation



g = Expansion gap = 3"

&.:,_p_. p = edge distance > 7"
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3.5" approx. considering standard clear cover
and usual bar sizes used.

Fig: Expansion gap and edge distance around bearing pad



DESIGN OF ARTICULATION

V,is increased by 2% to account for
excess weight due to widening. Section A

Fy=0.5V,,, > 0.2V, /
d, = effective depth at sec. A Bearing
Width of pad, b, > 8" 91 aread,=
Therefore, g = 2p+q+b,, ,a, = p+q+b,/2 by, b,(b,- 2p)
Beating Criterl

(AASHTO 2012 Sec. 5.7.5) e
Bearing stress on the bearing bleL
I

area shall not exceed the
concrete bearing strength, f;.
' ’ p

Where, f;,= 0.85¢ .’ p+q
(inside) (front
and side)

Vy
by f

DESIGN OF ARTICULATION

Therefore, Az f,=V, =b,2 +2p

Section A

Shear Friction Criterion
(AASHTO 2012 Sec.5.13.2.4.2)
Shear friction adequacy shall be checked
at Section-A. When a,/d, < 1.0, b, must
be adequate to resist V,. ( d, fixed).
Shear friction resistance of concrete on |
the plane of Sec-A is given by bw'| \L
V,< @V,=90.2f.'b,d, Ml
And V,;< @V, =¢ 0.8b,d,
Therefore, p+q HT
4 insi front
ba=g. 2(p;’cd,, e a(md side)
V, Final value of b, shall be the larger of the value
m obtained from bearing and shear friction criteria.
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DESIGN OF ARTICULATION

e

M
M, =V,a,+Fxd,/2 V, A

Flexural steel A_, based on
Main girder moment M, for cracks 1,3 &4
steel
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A due to
direct tension
of V, for

crack 2
dy

Stirrup based on V,
A, dueto F, for cracks 1, 3 & 4

s

Plan section

=

A, may be provided by extending and bending the main top bar as

required. Similarly, A,, and A,, may be provided by extending and
bending the girder bottom steel.



Flexural steel A, based on
Main girder momentM, for cracks 1,3 &4

steel / a. A, due to

sh

direct tension
of V, for
crack 2

A_, dueto F,forcracks 1,3 &4
and A, from shear friction criterion
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Plan section
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For flexural steel 4,
MA

A. =
U7 f,(dy-a/2)
A
a Lf" , © =09

= 0.85f".b,

For steel A, and A,,
V

A
Ay=—"0, ¢ =085

sh ¢fy

Fy

AsZ= ¢—fV'



Main girder Conventional flexural shear criterion: a,/d, >1.0

steel
s = (oAvadA
VA -9 Vc
-~ di V,=0.03168(Vf.) b,d,

Check s .. <12"ord,/2

Stirrup based on V,

A_, dueto F, for cracks 1,3 & 4 Though conventional flexural
and A, from shear friction criterion shear steel is required only when
ay/d, >1,we shall, nevertheless,
——I |<— s provide such steel even when

| /1%— ay/d, <1.
T —
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Plan section




Design Steps
1. Determine flexural steel area As; based on moment Ma,
2. Determine steel area As; based on Fa
3. Determine steel area Aspbased on Va
4. Determine required spacing s for stirrup

5. Check spacing of stirrup with maximum spacing



