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- MAINTEMACE OF BRIDGES

because of age, excessive dynamic impact and settlement or any
other damage to foundations.
a) Vertical cracks :

Vertical cracks may occur due to differential settlement of the
foundation or excessive shearing stresses in the substructure. The
cracks should be monitored by providing tell tales. If these show signs
of propagation, a detailed study should be made to identify the causes
before taking remedial measures.

b) Horizontal cracks :

These are more serious and these could be due to inadequacy of
section, defect in construction, failure of back fill drainage or excessive
horizontal loads etc. The remedial measures should be decided after
identifying the cause, based on results of analytical study and field
observations. Generally grouting with cement or epoxy mortar and
jacketing are used as remedial measures.

208. Maintenance of arches

Following defects are generally associated with arch bridges.

1. Defects in arch barrel proper -

Due to ageing and weathering effect arch masonry or concrete
may show sign of detericration by way of leaching of joints, spalling of
concrete and weathering of masonry. These are to be attended when
noticed. Following defects need special attention.

) Extension of cracks from substructure to arch barrel : As arch
's resting on substructure, the cracks in substructure due to
differential settlement etc. may extend through the arch barrel
also and may appear as longitudinal cracks (cracks parallel to
the direction of traffic) (Annexure 2/4). These cracks are to be
grouted with cement / epoxy mortar and tell tale provided to
observe further propagation if any. The reasons of unequal
settlement should be identified and remedial measures taken.

ii) Transverse or diagonal cracks in arch barrel (intrados)
(Annexure 2/5)

These cracks are serious in nature and indicate presence
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of tensile stresses at the intrados. These are generally noticed
in the vicinity of the crown of the arch in the initial stages.
They have a tendency to progress in diagonal / zigzag
direction in stone masonry arches. These cracks indicate
serious weakness in the arch and need proper investigation
and adoption of appropriate strengthening measures including
rebuilding in worst cases.
i) Crushing of masonry :

The probable causes of crushing of masonry of the arch
and remedial measures are as follows

Probable Cause Remedial Action
a) Leaching of mortar in Raking out the mortar and
the joints. deep pointing / grouting
b) Weathering of masonry Painting together with grouting
¢) Excessive loading Reducing the imposed load or
strengthening the arch
d) Inadequate cushion Providing the minimum cushion
aver arch. or strengthen the arch.

iv)  Loosening of keystone and voussoirs

This may happen due to settlement / tilting of the abutment/
pier, hammering effect of dynamic load due to inadequate
cushion and loss of jointing material. The remedy lies in
strengthening the foundation. increasing the cushion, reduction
in load transfer, improvement in track structure and deep
pointing of the joints as the case may be,

v) Longitudinal cracks in arch away from spandrel wall:

These cracks may cccur due to differential deflections of the
part of arch barrels subjected to live load and the remaining part.
Such cracks may be seen between the adjacent tracks or
between the track and spandrel walls. They may also be due to
differential settliement of foundation. The underlying cause should
be identified and appropriate remedial action taken.
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2. Defects associated with spandrel wall :

Various types of cracks associated with spandrel wall, their
symptoms, causes and remedial measures are listed below.

widen with time.
(Annexure 2/4)

ii) Excessive back
pressure on
spandrel due to
inadequate
drainage.

Defect Cause(s) Remedial measure |
a) Longitudinal i) Large difference i) Cement / epoxy
crack in the barrel in stiffness grouting and

along the inner between deep monitoring.

face of the spandrel ‘spandrel wall ii) Improving

wall which do not and barrel. drainage of fill

by clearing weep
holes/providing
new weep holes;
providing
granular back fill.

b} Cracks mentioned
in (a) which widen
with time

i) Excessive back
pressure on
spandrel due to

drainage.

i) Excessive

surcharge load.

i) Same as a (i)

i} Reducing over
burden.

iii)Grouting the
cracks with
cement/epoxy
mortar after
carrying out
above measures
singly or in
combination as
required.

¢) Sliding of spandrel | i) Excessive back i) Same as a (ii)
wall over arch pressure on ii) Same as b (ii)
barrel; buiging spandrel wall iii) Tying the
or titing of due to poor spandrel walls
spandrel wall. drainage. with tie bars
i) Excessive and rails
surcharge load iv) Same as b (iii)
ity Spandrel wall
not monolithic
with arch.
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d) i) Cracks on the
face of the bridge
at the junction of
spandrel and arch
ring. (Annexure 2/5)

ii) If the above

cracks open under
traffic.

i) Rib shortening.
ii) Distortion of
arch ring.
iii) Excessive back
pressure.
i} Rib shortening

i) Same as a (ii)
ii) Same as b (ii)
iii) Same as b (iii)

i) Same as "d' above.

e) Cracks in spandrel
wall above pier
(Annexure 2/5)

if) Distortion of ii) Strengthening
arch ring. of arch.

iti) Excessive back
pressure.
Sinking of pier | Remedial

measures for
arresting sinking of

foundation and
grouting cracks there

after.

3. Leaning of parapet wall
This is caused by excessive back pressure which may be due to

inadequate barrel length. lack of or poor drainage. Wherever feasible
the drainage be improved and if required barrel should be extended
with a new parapet wall. Where extension is not feasible the parapet
wall should be strengthened or rebuilt or ties provided to check the
leaning.

4. General instructions for maintenance of arch bridges :

a) Rail joints on the arch should be eliminated completely. In
multipie span arches, these should be located over the haunches.

b) Fiat bottom sleepers should preferably be used over the arches.

¢) Clean ballast cushion should be ensured by periodical screening
as necessary. It will be preferable to maintain minimum cushion over the
arch by suitably regrading the track wherever feasible.

d) For arch bridges on curves, it should be ensured that the track
is centrally located. Where it has shifted towards the outside parapet
over a course of time, it should be slewed back to the correct location
to ensure equitable distribution of load.
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e) While carrying out repair works for existing arches, the filling
should not be disturbed as far as possible, as the compacted fill over
the arch relieves the arch ring of a portion of the superimposed load.

f) If warranted by circumstances. whenever an arch bridge is opened
for rehabilitation purposes, the extrados of the arch should be made water
proof. A porous filling such as brick bats, ballast, etc. should then be used
to cover the whole of the extrados to a depth of 300mm. The haunches
over the piers should be filled with impervious material such as lean
cement concrete with proper cross slopes leading to weep holes located
at the top of the haunch filling. The earth filling over the porous material
should be done in layers, properly consolidated by ramming. Black cotton
soil should in no case be used for filling purpose.

209. Details of common repair techniques

The techniques commonly used for repairs of masonry are
described below :

1. Cement pressure grouting
a) This technique is used
i) When cracks are dormant

ii) Cracks are active but cause of cracking has been determined
and remedial action has been taken.

i) When honey combing is present in concrete structures.
iv) When masonry is hollow.

V) When deep leached mortar joints are present.
b) Materials proportion and pressure :

Ordinary Portland cement to IS 1269, sand and water conforming
to IRS Concrete Bridge Code, are required. With the approval of the
Divisional Engineer, admixtures to impart non- shrinkable properties
and to improve flowability of grout, may be added. The method of using
admixture may be as per the manufacturer's recommendations. The
water-cement ratio (by weight) for the grout should be 0.4 to 0.5, the
lower ratio being used when crack width exceeds 0.5mm. The grouting
pressure should be 2 to 4 kg/em?.
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