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Tndian Railway Standard
CODE OF PRACTICE FOR

ouE DESIGN AND CONSTRUCIION OF MaSONRY AND
PLAIN CONCRETE ARCH BRIDGES.

p$e (Arch Bridge Code)
gt s e
g%t e . 3 pt
B ScopE - - : ;
1.1 Thig code of practice pplieMidges congbructed
of briciwork, stone or in concrete. 7 :
1.2 Open spandrel -nd reinforced con_crete' arch bridges -are

exclud from the scope of thig code.
5.  DESIGN LOADS AND THEIR METHODS OF APPLICATIQN

B posd Loog. The dead load transmitted te the arch is assumed |
to sct vertically. The norizontal component of the earth pressure ;
acting on the arch ring may be nezlected. : : ;

5,1.1 The dead load shall include the weight of the arch ring
1tself and 211 filling above 1t, qlso the weight of the road metal !
in the case of road pridges and track apd ball.st in the case of .
rallway bridges. '

5.1.2 For the purpose of calculations, the dead loads for various
msterials shall be taken from 15 :1911-1967 - Schedule of Unit
Welghts of Building Mgterialse

5,2 _live Load

2.2.1'Livé Load- The live load shall be the appropriate standard‘
5f loading with longitudinal snd “lapteral distribution as 1aid
down in the Pridge Rules. : : ;

2 R g ks
ﬁy?ﬁf_ Er crtff""" i3 f‘ﬁu PP e bt

2.9 Impaeb. The jmpaet allowance shall be taken as specified
n the Bridge Rules.

5 5.3 Horizental Loads on bae arch- The e seect of the tractive

efirrt and Profing efrech mnay e neglected in de sigzning or
anaiysing arches covered by this code.

5.3 Tamporature Stresses- Temperature stresses nef 2 flasinenes
in desTghyig arches 1n Wi Sonry or plain concrete, where rise-span
ratio is ™t less thon 1/3. : '

ket el

~llowaiice sholr be made
thruste.

2.4 Rib:,itr;ctenj_na Sire
o= ghraesses due +0.pib-ghortening uncer

sses- In the design of arch »ridges,
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245 Shrinksge Stregsegs. Shrinlaze stress
in the design of arch bridges covered by tihis
arch is, however, built in plain concrete, st
to reduce shrinkagge stresses by concreting in styrips snd for
spans exceeding 6m, lizht reinforcements which may not be less
than 0.16 per cent of the area of concrete, shall be provided
to resgist residual shrinkage stresses.

re nerloched
« #hen the

3, SHAPE OF THE ARCH RING

2R In order to reduce ‘the horizontal thrust and so to obtain
economy in design of sbutments, piers and foundaptions,the rise
of an arch should be kept as larze as possible., It should not
ordinaiily be less than 1/3 of the span but in no ease less

than 1/5. _ :

3,1,1 For spahs up to 12m clear, a simple segmental or :
semi-circular curve may be adopted as no marked advantage is
obtained by using multi-centred arches.

3.1+.2 For gspans exceeding 12m clear, the shape of the arch
axls should be designed in such a manner that the axis conforms
as near s practicable to the eguilibrium polygon for dead ]
load plus 50 per cent of the E.U.D.L, covering the entire Spanle

4, THICKN:SS OF 4RCH RIB

4,1 The variation, if any, in the thickness of an arch from
one section to another shall be gradual and shall be fixed
with due regard to the conditions of stresses,economy and
appeal‘ance. : ;

For short spans, not exceeding 12m clear, a constant
section of arch from crown to springing may be adopted,

5.  ANALYSIS OF STRESSES IN TEE ARCH RING
5.1  Conditionsg of Loadinz- In investigating the stability

of the arch ring, 1t will be sufficient to consider ths follow-
~ing conditions of loading with regard to live loads -

S.1.1 For short spans not exceeding 12m clesr, with a

constant thickness of the arch ring, live losd at the end
5/8 of the span.

5.,1.2 For short spans not exceeding 12m clear with arch rings
of variable thickness, investigation of stresses must be nade
at three eriticzsl sections with the position of U.D.L.
specified in Clause 2.3.4.1 of Bridze Rules as given in the

e " : -

Section ?

- ’ —— - M—-Q.le..t_- s ¢ —— - ]
; tat L M ax,,',, i . S - .M aXs ~ e
Crown vo Middle & of hole span § Bnd 3/8 (Doth ends)

QueTter Polnt iBnd 3/8(~djscent end) § End 5/8(opposite end)
Spring Line .&nd 5/8(cpocsice endy I Znd 3/8(adjzcent end).

T A g S U LA ML S e A e .
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5.1.3 For spang exceeding 12m clear, stresses shall be
wor ked out throushout the arch, the number of secticns
depending on the span of The arch.

5.1.4 The line of pressure under the condition of
Joadire enumerated above shall everywhere lie,

() within the middle half of the arch ring,
' if the line of pressure is determined by
elastic theory. 4

(b) within the middle third if graphical or
- Zeokhers appraxi~mate_ rethods are azdopted.

5.2 Method of snalvais - In analysing masonry or
concrete arches, the elastic method of aftalysis should
preferably be adepted. Either purely analyticel methods
or a compination of analybtical and graphical methods may
‘be used. In practice the simplest method would probably
be a combination of the anglytical and zraphical methods.

543 Existing Arches

5.3.1 Except in case of Zgauge conversion, certification
~f existing arch bridges s per parz 4,Chapter VI of
Rules for the Opening of a Railway, shall be baged on
physical condition of the structure.

Wren new types of locomotives and rolling stock are
permitted to Tun on a section for the first time,
tridges should be kept under observation as considered
necessary by the Chief Engineer. os

5,3,2 Heavier loading deunsgity or axle load over those
allowed st present shall not be permitted on distressed
arch bridges, unless they are rehabilitated. However,
st the discretion of the Chief Engineer, such heavier
Trailing load /increased sxle load may be permitted on
the existing distressed arch bridges, if the strength of
tte arch bridge is found safe after conducting load test
?D.I‘egl‘gsgntative span ~s per the criteris indicated in
?-."ira UedeDTs 3 3 ) 3

2.9,3 The load test shall be comducted on distressed
bridse only after complete pressure grouting of the

masommy. The criteria for arriving at the safe lond
shall te:- :

(i)  Tader the proposed load the crown deflection and
apz:\ead do not excead 1.25 -nd 0.4 mn, respecti-
vely s
5 : o

(ii) Thers is no residual deflection or spread after
releswg of loady and ;

- om 5 5 s
{iii) There i3 po or-~ck apvesring on the intrados of

o 4/~
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Note: The above criterig will be arnlicsnle
to segmental =nd non-segmental arches of
span-4.5m to 15 m provided the span/rise
ratio lies between 2 and 5, '

5«3:4 In regard to szause conversion, the certification
for the safely of 11 the arch oridges, whether soimd or
distressed shall be h-sed on load test on representative
type of bridges. The criteria for assessing the safe
load shall be the same 55 specified in clauge 5.3.3

- above,“provided” the following conditions are also satise
fied, Speciak-enses, if sny, may be dealt with on
individual merits by the R-ilways in consultation with
ROSCete aia o i ; S -

(1) i

tlon c;f ngsonry -nd its behaviour

. -under test load -re satisfactory;

(i1) Type of foundation and nature of soil on which =
- -1t is founded are 'suitable g '

5.3.5 Strensthening of ml;/g; stressed existing

5.3.5.,1 For -strensthening weak/distressed arches
method of Ja :5ing at the intrados is prefersable,

if the re on in the waterway is permissi-
5.3.53 of strenpgthening over extrados

of arch ring.should be designed to take

the entire-165d, viz. dead and live loads.

5-3-5-,_:3'-'ir__l.w__;?_l?'_‘_l-_jl,_e__;:,rcase of strengthening below intrados
of arch, "thé new arch ring should be designed zs wder:a

"= (2o take ‘the antire losd by itselr where
=g ewethe existing arch has transverse crack(s).

=+ (b} To kake the entire load by composi te
- .~ —action with the exi sting arch ring, where
o0 == _the existing crack(s) are all longitudingl
~or there are no sizns of distress in the
exlsting arch, provided effective bond
== = could bDe ensured between the old and new
—arch ring, ; ; :

5:3.5.4 In the Case of strengtheninz of abutments and
plers of srch bridges, the desizn should »lways be on %
the basis of composite action of the new material
acting 2long with the exi ting one. It should, howe ver ,
be ensured that 5 proper bond is established between
the existing masonry and new maté&riasl by suitable means
such ag dowels and post gzrowmting through grout holes
vo he left while casting the jacket.

5/« -
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e+ D In all cases of cr-clied mascnrr, whetior.
in arches or in abutuments and piers, thav should

be grouted under pressure o plug all the cracks
Sefore the additional material is provided.

5.3.5.6 The space between the new arch ring and
the existing arch, in the case of strengthening
below the intrados of the arch should be grouted
under pressure for which grout holes should be
provided in the new arch ringe

§. " EFFECTIVE LENGTH" OF 4RCH RING

Bl The effective length sh~1ll bé the full length
srom skew back to skew back., Where however spandrel
£iTling with mesonry or concrete-is done in con junction
with the arch ring, so as to provide proper bonding
between the arch rine and the masonry or concrete in
the spandrel filling the effective length of the arch
may be taken between the points. obtained by producing
the ingide wertical faces of skew backs to cut the
extrados as shown in the sketch.,

74 ABUTMENTS FOR ARCH SRIDGES

7a1 Thickness ot the Skew-backs - The thiclkness at

the skew back should be determined with dwe regard to

the shearing stress produced by the horizontal thrust
from the arch ring, which shall be sssumed to be resisted
’rgy_the combined friction »nd shearing sirength of the
joint. The coefficient of friction in this case may be
talken ss 0.7 and the safe shearing s'ress -as given in
Clause 12, :

7.2 Enrces Acting on an abubnment

7.2.1 The forces acting on an gbutment are ag follows:

(a} Reaction from the arch.
(b} Pregsure of earth at bark.
(¢) Weight of abutment and overlying fill.

(d) fater ypressure and buovancy- These should
be congiderad when denth of waler umay
excead €m the calculations being made Dboth
with and without the effect of the waler
resswre opd pugysncy acting Together.,

A



O

L=

.o dn calculating the thrugt of the afch rizng for
designing the abutuent, Euipagl may e nezlacved.
Dz oot , :
7+2+.3 The total thrust from the live lo-d B8y Se -
asswied tc be. distributid over +he vhole length of
the abutment, or a.length howmded by ldnes drawm at a
slope of 1 horigontal to 2 vertical from the bottom
edges of sleepers to the section under investio. tion
whichever length is less. Over this length, the thrust
due to dead load m.v be assumed to have a Uniform value,
corresponding to that produced by the maximim heicht of

&L

the filling.

7+2.4 The active earth pressure at the back of an
abutment(which -dds to its stability) sh:11 not he
taken toghbe more Lgan the pressure of - fluid welshing
2353 N/m=(240 kg/m°) . This pressure ghall he assumed -
to act over g height from hed level to springing only,
dve allowance being made for the surecharge of the
overlying £i111. No allowance shill be nade for the
surcharge dug to the live lozd, '

7.3 Sonditions of Stobility . .n arch ghutment shall
be investigated fop the following three conditions of
loading -

(a) Dead loaa plus live load on 5/8 span adjcent
to the agbutment,

(b) Dead 1oad plus live load on the other 5/8
SPitle

(¢) Dead load plus live load on the entire spah,

For each of the akove conditions ofrloading, the line
of pressure in the cowrse enurlerated above shaoll lie
within the middle halr of every section of the abutment,
The stresses at ally section shall not exceed the working
stresses specified in Clause 12, The shearing stresses

at any plsce shall he assumed to be registed by ‘the.
frictional forces and the gofe shearing strength of the
o, sonry,

it Found=tions for sbubtments

7.4,1 Airches shall only be built where foundation
conditions are such tha: there will be no risk of
Wnequal settlement or horizontal movement,

744,2 The permissible npressure on the soil shall not
€rceed that snecified in Claus: 13,

7+4,3 The line of Presswee shall lie within the
mcdle third of the Toundacion and svery ¢ffort
should he Ehde %o iesp it a5 neap the centre of the
base ag possible, to ensure o miform distribution
of pressupe, :

007/—
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The depth of foundation shsgll be determinéd 7
Engineer with cue ragard to the conditions at the

should not, ordinarily, be less than 1.25 m.

PIERS OF ARCH RRIDGES

Thickne t Top - The thickness at the top
be adequate to accommodate the skew hacks on.
sides and to resist the stresses imposed under
most unfavoursble conditions of Iloading. .

Forees Aching on. the Pier
.1 The forces scting on the pier are as follows:- .

(a) reactions from the adjacent arches, :
(b) weight of mgsonry snd fill and the weight.
- of the pier itself. j

(ec) water pressure and buoyancy with the same
provision as for abutments in Clause Tel2e
: ; R T ik el s :
- provisions regarding impaet and @istribution
£ thrust shall be the same as laid down for abutments
.3 Conditions of Stabllity ,
.1 The stability of piers shall always be invessi-
3 for the following two conditionSjof'IOading;-

[N
H
8

{a) when only one of. the adjacent 5pans carries
: live load - This condition will usually
give the maximum stresses in the masonry

of the piler,

, . {(b) when both ;;,dj-a_cent spans carry live logde
" This condition usually gives the maximum
- intensity of foundation pressures.

1.2 The provision of Clause 7.3 regarding the
~-tion of the line of pressure and the stresses,
ly to the piers also. -

Foundationg for Piers - These shall be governed
the same provisions as laid down for abutments in
suse 7.4, v
DESIZH OF RETURN allD WING «JaLLS
The retiurn and wing wells should be designed
acc-ordsnce with the Iodian Railway Stendard
de of Practice for the desin of sub-structure of
idges'. it 7 w BF Tw BRI

. 08[""
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10 ECONCMY IN ARCH BRIDGE DESIG

10.1 In the case of arch bridges in high banksy*®
the height of the sprianging, the lenzth of the areh
barrel gnd, in the case of nultiple spsn bridges,
the size of the span of thc arches should be so fized
that the total cost of the »ridge for the re~udred
woter-way is - minimum, ' & : .

10.2 In order to avoid cxecrssive lateral tension in
the arch ring. or excessive load on the ends of the
barrel, the height of the parapet wall sbove the

crown of the arch should, generally, nol exceed 1000mm
when the depth of fill is considerable. ‘

11. TYPE OF MaSONRY

11.1 4rch rinzs shall be constructed either with
voussoirs of precast cement concrete or sound durable
building stone, or brick work in first clsss bricks and
1:4 cement mortar. Plain cement concrete cast In situ
may also be used in which case reinforcement shall be
provided gs per Clause 2.5.

i2 WORKING STRESSES
12.1 Mssomry Archeg

12.1,1 Where sctual compression tests are mapde, the
maximum permissible compressive stress in masonry
shall not exceed one-cighth of its crushing strength.
Tensile snd shear stresses may be permitted upto one-
fortieth of the crushing strength.

12.1.2 In the absence of tests, sound hriek-work in
- lime mortar, which hes hardened, shall be assumed to
. have a crushing strensth of 4.3 N - per sg 39111%4«3.75 ke

per sgem) and brick-work in cement mort Per sn
mn( 70 kg, per sqem). ; :

12.2 Plain Cement Concrete arches- The working
stresses shall not exceed those laid down in the
Indian Railway Standard "Conerete Bridge Code',

13, FOUNDATION PRiESSIRE

1361 Owing to the wide vgriation in safe bearing

pregsures on foundations in different parts of India,
1t is not possible to sgpecify permissible bearing
pressures which will have uiiversal application.
Desimns should be based on local ccndigions and

- peraissible pressures may be established on the basis
of tests cr on previous cxperisncs. Normally, founda-
tions, wmless resting directly on rock, shali not be
less than 1.25m in depth. It is, generally, safc to
increasc the permisszible bearing pressure at the rate
of 17647 N/me (1800 kz per sq m) for each »dditional
metre of depth below 1.25 n, :




14,1 Masomry o plain cement concrete arches
shall not he sonstructed in sone Y. Mg gonry oOF
pl-in cement concrete srches shall not be const-
ructed with s%:ns excecding 6 m in Zone 1V and

§5. SKEW ARCHES

15.1 Skew arches shall be so constructed that the
courses are everywhere at right sngles %o the lines
of thrust. -

16, WEEP HOLES

18.1 Weep noles should be provided tnrough sbutments,
wing or return walls, and parapets, as may be necessaryy
adequate arrangements being made to lexd water to the
weep holess , :

47.  FILLING OVER ARCHIS

It ig recommended ’éhat the depth of the £131
between the underside of the sleeper ~nd the crown
of the arch should not be jess than 1 Me -

37.2 Filling of a porous nabure, such -3 wrickbats
or ballast, should pe used To cover the whole extrados
of the arch to a depth of =t ieast 300 mm Oover the
crOWn. % s

g2 Earth £i11ing should be done in lavers, each
being consolidated by ramming and BY sprinkling with
water . Black cotton soil should not be used «

- In existing arches the filling should be distur-
bed as }.ﬂztle as possible as, after a time, the arch
sction 1n the filling relieves the arch ring of a

qonsidera,ble portion of the superimposed load.
18. STRIKING OF CENTRES D 4PPLICATION OF LOAD

e The centres should not be struck befoi'e one
week after the completion of the arche

18.2 after completion of ony portion of the masonry
o;‘ an arch bridge, the following minimum periods of
time should »e s1lowed to elapse before logds as
specified below may be impo sed on that portion of the
MaSONTY i ; :

FTRS
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%50;‘:. of g‘?5%‘ of E Full
fdesign ldesign§ design
G_ lO‘ad _@.Oad . l.Oa‘d

Description

Ordi—nary cement mortar 7 days 14 days 28 da_YS‘
and concrete, : :

Rapid~hardening cement S days 10 days 28 d-ys
mortar and concrete,

.

NOTE ~ 1. The expression "lo~d" means the total {5/”“’%2?’;’-‘-5@
calculated losd with the appropriate imp-
allowance specified for the gpeed at which
the load is permikted to run. ‘

2. The above periods shall be sultably inere-ged
wgege the mean air temperatwe is less than
1e°C,




