Q11. Write short notes on th vmvestlgat Mns camed out:on. anchorage zone stresses.
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'The anchorage zone stresses in a pre-tensioned beam is analysed theoretically by ‘Guyon’.

; Hls analysis plays a very prominent role and gets involved in the effect of superposition of individual loads which are

acting in series along the cable.

The eﬁ'ects of individual loads attained are useful for acting on external loads across the free cnd of a rectangular plate,’
These individual loads are distributed along the anchorage length of cable dnd is based on a relationship, i.e., bond stress
(assumed) V, distance from the free end.

After performmg the analysns part, the results which are obtained will indicate that the stresses present in post-tensmned
beam depends upon the bonds present in between them. If better bonds are present, then the stresses comes very close to
it. 3 - -

4 @ 4 mm bars

[ ]
[ ] 1
H—
[ . C
, H—
] 3
N <
==
O
=1
] e |
1 e

| | :
F e | 16@38ﬁm§sﬂ ]

Addition 3 mm bars
Figure: Anchorage Zone Stresses at End Blocks

Q12. Explain the steps involved in the approximate method of design of end blocks.

Model Paper-Il, Q3(a)

Answer :
Apprommate Method of Design of End Blocks "

the edge tension forces ¢an b estiffted when thie acturate analysns is not available.

The compressive stresses of concrete ahead of the anchorage devices, location and magmtude of the burstmg force and

A e

Limitations

L

The longitudinal extent of the concrete member which is rectangular in cross-section is atleast equal to the largest transverse
dimension of the cross-section. .
The member within or ahead of the anchorage zone will not have any discontinuities.

The main plate of the member in the anchorage zone has minimum edge distance of atleast 1.5 times the corresponding

lateral dimension (a) of the anchorage device. _
The anchorage zone consists of only one anchorage device or group of anchorage devices which are closely spaced.

If the centre to centre spacing of the anchorage devices will not exceed 1.5 times the width of these devices in the direction

in which it is considered is treated as closely spaced devices.
If the anchor force points towards and away from the centroid of the section, the centre line of the member will not be

greater than 20° and 5° respectively will be the angle of inclination of a tendon.




Zl) -Compressive Stresses

“The basic anchora e de i
B crete ge devices Wh“:h SatlSﬁes the below condmon will have no addmonal check of compressrve stress of
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At the interface between the local zone and the general zone of the special anchorage devices ahead, the concrete compressrve
stresses are given by,
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The product of the correction factor in each direction is used, if a group of anchorage are closely spaced in two directions.
The anchor bearing plate area, ApIalc or the bearing area of the confined concrete in the local zone, 4__ will be the effective
bearing area, 4;.
The terms in the equations (1) and (2) are expressed below,
f,,— Compressive stress of concrete ahead of the anchorage device.
= Correction factor for closely spaced anchorages

¢ A, — Effective bearing area. . : o
b — Lateral dimension of the effective bearing are measured parallel to the larger dimension of the cross-section and

the smaller dimension of the cross-section respectively. -
" I — Longitudinal extent of conﬁnmg remforcement for the local zone, but not more than the larger of 1.15¢ agorl.15:
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befr ) o ” ¥y ' . i
P, —Factored load of tendon. :

{— Thickness of the section. ‘ : .
S — Center-to-center spacing of multiple anchorages. |

1 — Numiber of anchorages in a 1oW- .

Limitations of Compressive Stresses

. Areaof ]
; ca of the plate (4 slae) Should not be taken larger than the area of the confined bearmg (A, if 4, controls. ¢

s The maxim
2 The m dum drmensron of 4, onr Should be greater than two times the maximum dimension of A
um' dimension of APl £ lf A .controls. ’ )

3. The area of the duct should be deducted whrle detenmmng ‘4,
- (i) Bursting Forces

or three times the

plate

»

. The values of burstin_géforce burse a0d the loaded surface drstance, d,.. are given by,
T =0252P, 1~ +0.5 P, sinc. ' : ' e (3)
d,,.. =05 (h—2e)+ 5esina ; ' (@)
If more than one tendon is used in the above _equations the stressing sequence in a specrﬁed manner is con51dered.
Where,

2P — — Sum of the total factored tendon loads for the su-essmg arrangemcnt considered. _

g — Lateral dimension of the anchorage device or group of devices in the direction considered.

e Eccentricrty of the anchorage device or group of devices with respect to the centroid of the cross-section.
h —Lateral dimension of the cross-section in the direction considered. .
d'—Angle of inclihatioh of the resultant of the tendon forces with respect to the canter line of the member.



Limitations of Compressive Stresses
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- (i)

Area of the plate ‘(Ap,m) should not be taken larger than the area of the conﬁned beanng “

The m;
aximum dimension of 4, should be greater than two times the maximum dimension of A
muumum dimension of 4 : it . controls. : ’

The area of the duct should be deducted Whlle determmxng ‘4.
Bursting Forces

con)> 1f 4 controls. ¢

p,ﬂe or three times the

e

. The values of bursting 'force, T, .« and the loaded surface dlstance d_ . are given by,

> “burst

a :
Lo =0252P I—Z+05P"sm0c ' » 4 . .3
d . =0.5(h—2e)+ Sesina . ' .. (4) .

burst
If more than one tendon is used in the above _equations the stressing sequence in a speclﬁed manner is consxdered.

Where,

(iii)

®,
3

2,
D

ZP, — Sum of the tota] factored tendon loads for the stressmg arrangement considered.

a — Lateral dnnens;on of the anchorage device or group of devices in the direction considered.

é~ Eccentriéity of the anchorage device or group of devices with respect to the centroid of the cross-section.
h —Lateral dunensxon of the cross- -section in the direction considered. '
—Angle of inclination of the resultant of the tendon forces with respect to the center line of the member.

Edge Tension Forces :

If the center to center spacing for multiple anchorages is less than 0.4 times the depth of section, the spalling forces will
not be less than 2% of the total factored tendon force in any case.

The more detailed analysis is required such as strut-and-ties models or other analyucal procedures to find out the spalling
forces for larger spacings.,

The spalling and longitudinal edge tension forces are induced when the location of centroid of all the tendons is considered
to be outside the keen of the section.

The longitudinal edge tension forces can be taken as spal]mg force and this force should not be less than 2% of the total
factored tendon force in any case.

The axial flexural beam analysis at one half the depth of section away from the loaded area enables to determine the
longitudinal edge tension force.




Q13. Explain magnel's method of analysis of end blocks.

Aunswer :
m linear direct stress and

ered as end blocks.
he beam respectively

The points load duc to anchorage on one side and the normal and tangential distributed loads fro
shear stress distribution from the other side are the stresses developed in the deep beam which is consid

The forves and stresses acting on the end blocks and at any point on the horizontal axis parallel to t
are shown in the figure,
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Figure: Forces Acting on the End Block

The stress distribution across the section is given by,
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Where,
k,, k,, k,— Constants, vary depending upon the distance from end blocks of beam.
f.— Direct stress.



/,Coﬂs‘def the depth of section intercepted between the

jon lines at required point on the hioti
M rizo
g that the point loads disperses at 45°. el axis and

The principal stresses acting at a point are given by,
b
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The principal tensile stress distribution on the required

And tan 260 =

gis and the suitable reinforcements that are designed to resist
fhe tension is ‘Bursting Tension’.

/—-
al4. Explain Guyon’s method of analysls of end
blocks. :
Apswer : ‘ Model Paper-lil, Q6(b)
Zone of Transmission
The length of beam within which the dispersion of the
Fe-stressing force takes place is called ‘zone of transmission’.

The distribution of stress in the transmission zone can
be analysed by the following,
. The tensile forces are developed in the transverse
direction to the axis of concentrated force. These are

called ‘Bursting Forces’.

2. Theadjacent surface to the anchor plate is also subjected to

{ tensile force at the end section. These are called ‘Spalling
Forces’.

3. The pre-stressing force ‘P’ is applied through the anchor
plate which is placed at the centre of the end beam as

shown in the figure (i).

Figure (i)

‘The distribution of bursting stress for % =0.8and =

Let AB be the end face of the beam.
] - I'be the end zone of the transmission.
Consider any horizontal - H. The transverse stress

and shear stress are subjected to the horizontal section.
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Figure (ii): Transverse Stresses
Due to the horizontal, vertical and shear stresses, the
trajectories of principal stresses are as shown in the

figure (iii).
The transmission length is influenced by depth of the

anchor plate.

Figure (iii): Trajectories of Principal Stresses

Depending on the ratio of depth of anchor plate to the

depth of beam, the transmission length and bursting
force can be obtained.

Generally, the transmission length is tak
the depth of beam. e PR

The bursting force with the depth of beam ‘d’ and the

- depth of anchor plate ‘@ is glven by,

3 0.3p[1 —i]

= 0.5 are shown in the below figures.
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Q15. Explain about the stress distribution in end blocks.

Answer : ; k.
Model Paper-IV, Q70)

1.
2.

‘ The rcsultant of burstmg tensile stresses (F, M) are morc accuratc to consxder

The prestressing force is applied as a concentrated force in a tendon along the anchorages,

. The stress distribution in concrete member which is away from the anchorage and in the regijq .
uniform reasonably and complex respectively. This is by St.Venant’s principle. glon of the anchorage will b

The tensile stresses which tend to split the concrete are placed in the transverse dlrecuon to th L & ;

is the more 1mportant effect for the design. . . Y S € axis of the member which

The lensnle stresses must be contained by the reinforcement provnded =
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The reglon is cxtcndcd from 0 2yo to 2y, for assumed burstmg tensile stress (7 (F, b.u)

.....

acting on the r, reglon at SLS. -
*The valucs of deSIgn bursting tensﬂc forces in end blocks with propomon to Pij IS given ip th o
¢ table

YooY | 0.2 0.3 0.4 0.5 0.6

F,/Pi | 023 | 0.23 020 | 0.17 | 0.14 m




The above relations can be defined by,
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Figure: Distance along Axis of Beam -3
¥, —Half the side of the end blocks
- ¥py— Half the side of the loaded area.



Answer :

Q16. Expl"alﬂ Vébout'the‘.anchorage zone reinforcement.’

the main reinforcement should withstand the

| force on the critical axis. : k

ocks is shown in ﬁgtire @) and the links or

By using the transverse stress distribution, the designed anchorage zone 1n
bursting tension and coincides with the line of action of the largest individua

The arrangement of reinforcement for freyssinet type of anchorages in end bl

loops, helics, mats are placed in the perpendicular directions of the reinforcement. i
! 3 ; . ; iti d by Zielinskt and Rowe,
When compared to mat reinforcement, the helical reinforcement 1s more efficient and it is tested bY

: 5 ; hs.
With the deformed bars, loops, hooks or right angle bends are necessary in the case of short bond lengt
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Figure (i): Arrangement of Reinforcement in End Blocks

To prevent the failure of corner zones, where spalling or secondary tension develops at the corners, the hair-pin bars oiﬁ'

‘suitable steel should be provided. -

The secondary reinforcéments can be bent if the suitable packets are provided behind the aﬁéhorages and after the operations
of prestressing is done, the pocket is filled with mortar. : ‘

While designing the formwork, the use of cap cables must be considered and the spacé provided for ﬁxing and handling
of the hydraulic jack must be sufficient especially at the soffits of the beam when the cap cables are used.
Mild Steel in Front

of Anchorage
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Figure (ii): Pocket Behind Anchorages
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Jn case of end blocks; the steel cage should be provided to overcome the overlapping of it with bearing plates when they
~are placed close to the edges of the block. » !

'

During stressing to prevent the spalling of concrete at the corners due to the different elastic modulus of plane containing
the reinforcement, this precaution must be taken. |

The cost of end anchoragg steel is low when compared to the entire structural members. So, Morice advices that it is befles
to provide extra reinforcement in doubtful situations.

Cable Duct

L——Soffit of
Beam
’?\ No formwork 3
W . in this zone
o Extension of Jack
\vs
Figure (iii): Provision for Jack at Soffit of Beam

--= =trangement of Steel Cage in Anch_nfago Zone



