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Mokama Bridge — 100km D/S
\ g of Patna

1. No bridge existing between
Varanasi Bridge & Harding Bridge
— 1000 km distance

2. Development in North Bihar was
badly affected.

3. The bridge site was approved by
Sir M. Visvesvaraya

4. Ganga Bridge Project (GBP)
formed

5. Ganga Bridge Construction
Company formed by HCC & BBJ
who constructed the bridge from
1954 to 1959

hasa
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Paper No. 6425 DISCUSSION ON DESIGN, FABRICATION, AND ERECTION 81

OF GANGA BRIDGE, MOKAMEH, INDIA
DESIGN, FABRICATION, AND ERECTION OF GANGA BRIDGE,

MOKAMEH, INDIA

by

Sidney Turley, B.Sc., A.M.L.C.E.
A Senior Engineer, Messrs Freeman, Fox & Partners, Consulting Engineers Paper No. 6425

Sadashiv Gangadhar Savarkar
Agent, The Hindustan Construction Company

Design, fabrication, and erection of Ganga Bridge, Mokameh, Indiaf

John Williams by
Agent, Messrs Braithwaite, Burn & Jessop Construction Co. Ltd Sid ney Tu rley B.Sc.. AM.LC.E
, - ', - - - -, -
and

Rathlin John Clinton Tweed, M.A.(Cantab.), M.LC.E. Sadashiv Gangadhar Savarkar

Braithwaite & Co. Engineers, Ltd (loaned to The Braithwaite, Burn & Jessop John Williams
Construction Co. Ltd, to advise on the tender and execution of their portion
of the Ganga Bridge contract) and

For discussion at an Ordinary Meeting on Tuesday, 26 April, 1960, at 5.30 p.m.,

and for subsequent written discussion Rathlin John Clinton Tweed, M.A.(Cantab.), M.1.C.E.

Source of information — Papers in ICE, 1960 and As built drawings
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ERECTION BY
B.B.J
CONSTRUCTION CO. LTD.,
CALCUTTA
WORK ORDER NO.
A/W/08(1) DATED 29-9-
1954
RAILWAY DECK : IRS
LOADING BG STANDARD ML
OF 1926
ROADWAY DECK : IRC
LOADING SINGLE LANE
CLASS AA OR TWO LANE
CLASS A
1959

E STEEL WORK SUPPLY &

Emboss on Bridge
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View at Rail Level 9
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 150mm thick deck is monolithic with stringers

* Stringers are resting on top of cross girders

* Cross girders are supported at two ends and on the two
rackers

* Two expansion joint at each 121m span in the original
design — later those are removed
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The rail is directly seating over railway stringers, which in
turn is supported between the rail cross girders.

The provision for expansion has been kept at each stringer
by providing slotted hole in the seating arrangement of
stringer at one end.

Longitudinal loads on the stringers from braking or traction
and earthquake or wind are transmitted to the bottom
chords of the main truss by braking girders/ bracing system
in every panel.

Lateral loads on the railway stringers from racking, wind and
earthquake are transmitted to the cross girders, by means of
a single angle bracing riveted directly to the underside of the
stringer top flanges.

The c/c distance between two rail stringers is 1.676m.

17
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 High tensile steel is used for the entire main truss
elements. Steel was imported from UK (since sufficient
quantity was not available in India).

* Steel Bridge code does not permit use of welding for high
tensile steel, hence they are rivetted with high tensile
rivets

* The floor system like stringer, cross girders and the rolled
section bracing systems in Main Bridge are of Mild steel
and they are all welded built-up sections.

* All cross girders and stringers at rail and road level for
30.5m span are rivetted

19
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Cantilever erection
photograph — Completion of
each cantilever erection was
hugely celebrated at site
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e TR

GOVERNMENT OF INDIA
MINISTRY OF RAILWAYS
(Railway Board)

BRIDGE RULES
(IN SI UNITS)

RULES SPECIFYING THE LOADS FOR
DESIGN OF SUPER-STRUCTURE AND SUB-STRUCTURE OF
ERIDGES AND FOR ASSESSMENT OF THE STRENGTH OF
EXISTING ERIDGES

ADOPTED —1941
FIRST REVISION - 1964

First Reprinting - 1989

Second Reprinting -2008
(Incorporating Correction Slips Upto 39)

ISSUED BY

For Official use only

GOVERNMENT OF INDIA
MINISTRY OF RATLWAYS
(Railway Board)

INDIAN RAILWAY STANDARD

CODE OF PRACTICE FOR
THE DESIGN OF SUB-STRUCTURES
AND FOUNDATIONS OF BRIDGES

(BRIDGE SUB-STRUCTURES & FOUNDATION CODE)

ADOPTED -1936
INCORPORATING A & C SLIPNO. 22, YEAR : 2003

For Official use only

GOVERNMENT OF INDIA
MINISTRY OF RATLWAYS
(Railway Board)

INDIAN RAILWAY STANDARD

INDIAN RAILWAY STANDARD CODE OF
PRACTICE FOR THE DESIGN OF STEEL OR
WROUGHT IRON BRIDGES CARRYING RAIL,
ROAD OR PEDESTRIAN TRAFFIC

(STEEL BRIDGE CODE)

ADOPTED —-1941
INCORPORATING A & C SLIPNO. 17, YEAR : 2003

RESEARCH DESIGNS AND STANDARDS ORGANISATION
LUCKNOW - 226011

ISSUED BY
ISSUED BY
RESEARCH DESIGNS AND STANDARDS ORGANISATION RESEARCH DESIGNS AND STANDARDS ORGANISATION
LUCKNOW - 226011 LUCKNOW-226011

A-i
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 |n 2011, CSIR-SERC was engaged for structural
audit

* Crack observed since 1992 at the junction of
cross girder and rackers connection at the
expansion joint location

* |nvestigation of CSIR reveals the reason behind
crack is the eccentric loading

* Undulated and damaged road surface caused
excessive vibration

* Repair measure was suggested by CSIR along
with restricted loading

<< MOKAMAH IA/ C/L of expansion joint BARAUNI JN. =>

PLAN AT ROAD LEVEL
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* Replacement of the damaged cross
girders at the road level at stringer
expansion joint location by providing box
section instead of existing | section.

 Replacement of the damaged connection
between the rakers and the cross girders
at the stringer expansion joint location

 Repair of damaged stringer ends at the
support location near stringer expansion
joint location

Proposal of
CSIR

Original Proposed

cross girder cross girder 2/
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The damaged road cross girders at the stringer
expansion joint location has been replaced by |
section instead of proposed box section and the
stringers are made continuous by removing the
expansion joint

This made the expansion at the road deck level
redundant. However, the existing expansion joints at
the deck level as such didn’t have any purpose as the
stringers at their continuous support are having
unyielding connection and not allowed to move
longitudinally over the cross girders

Repair done by ECR
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For 30m span

* Rail level cross girders repaired/
replaced and metalizing done for
the new ones

* Rail level stringers top flange angle
125x125x12 replaced

* Rail level stringer top lateral bracing
angle 75x75x10 replaced

For main span

e Existing cross-girder webs
strengthened

29
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Original design load

1. Dead load of superstructure
Steel =840t

Track =25t

Concrete =575t

Services =60t

Total =1500t

2. Railway live-load
Broad guage standard main line, single track (BGML of 1926)
3. Highway live-load

241t(7.32m) -wide roadway carrying a single lane of class AA or
two lanes of class A highway loading.

New design load

1. Dead load of superstructure
Steel =840t
Track = 75t - :I:ee :gat::ecil:‘argg"evflr; isgl::eper from wooden to steel and
Concrete =575t

Services =60t

Total = 1550t

2. Railway live-load
Broad guage 25T loading - 2008 -
3. Highway live-load

241t(7.32m) -wide roadway carrying a single lane of class AA/
Class 70R or two lanes of class A highway loading.

1 31
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Original design load New design load

4. Footway live-load 4. Footway live-load
Two  footways,  6ft(1.83M)  wide  carrying Two footways, 6ft(1.83M) wide carrying
401Ib/sqft(195kg/sqm) for the design of main truss

40Ib/sqft(195kg/sqm) for the design of main truss
5. Wind load

20 Ib/sgft (100kg/sgm) with highway and footway live
loads in the bridge.

5. Wind load

20 Ib/sqft (100kg/sqm) with highway and footway live loads
in the bridge.

6. Seismic load
. . 6. Seismic load -
Seismic coefficient Ah = 1/g = 0.1(for trans. &

Longitudinal direction) Seismic coefficient Aht = 0.0721(for transverse direction)
Seismic coefficient Av = 0.5 X 1/g = 0.05 (for vertical Seismic coefficient Ahl = 0.225(for longitudinal direction)
direction)

Seismic coefficient Av = 0.5 X 0.13 = 0.065 (for vertical
direction)
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Original design load New design load
7. Braking force 7. Braking force
Braking force on roadway is governed by class-A | Braking force on roadway is governed by class-
vehicle=25T 70(W) 40T -

Braking force on railway due to BGML-1926 =95 T Braking force on railway due to 25T loading -2008 =

182 T

8. Racking force

8. Racking force The racking force as per IRS bridge rule code = 600
The racking force as per IRS bridge rule code = 600 KG/M**

KG/M** (** The racking force to be considered for the design

(** The racking force to be considered for the design | of lateral bracings of the railway deck only and not
of lateral bracings of the railway deck only and not for for main truss members)

main truss members)
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* Working stress method has been adopted for the design check as IRS steel
bridge code recommends the same

DL, LL, Wind Load and Seismic load have been considered for the design
check

* SV loading not considered, as the same is not being envisaged on the
bridge. This will be ensured by regulation.

* Congestion factor has been considered for the new loading

 |RC SP37 commercial vehicle loading has been considered including the
overloading factor — bumper to bumper with no IF and normal load
position with IF
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Table-2 Classification of Commercial Vehicles.
CLASSIFICATION OF COMMERCIAL VEHICLES

1] AnbeTyre Arangrmant E g
. TYPE £ Tractr Tralo
Typs
el Daseription rm.:g'g e e E—— Configuration & Distrisution of Total Load (Nominal GYW) E g jg
(=3 End Erd End
1 | UGHT vERICLE | 1 TWO WHEELENS. THAEE WHEELENS PASSEMGER AMD GOOCS VERICLES
S0P JE T
RIGID LIGHT T
OOPAPAE HEIAL A | T | b 1| Aele ] _
! WEHICLE Tyras: 3 |Tyres: 3 i :']\, f"-:}'_ o | 14 | oad
A | 33es | i
L Ty
[T
Janim
i e 16 RS MEDIURA 7% [6T)
a8 | 2 | aebed |Ambec1 |
I 1ET] B m:.‘!':l‘:“:’"' Tyres: 2 |Tyres: 4 ._nff"‘i\—.l‘f W2 | 14| =
ESRTICLLATED soaka: 1 | Soxkae 3 _ . e e -
B| tEavy VERICLE | 6 | & T'|l'|'l!'5 F '|"|l|'l!5.'ﬂ Fyres: 12 L Mmawz |
(3 AELF TRACTCH ’ : 490 | 14 | 03w —
+1 AXLE TRAILOIR] = [5T] 95Ty
o |an | 3 | ambern | e 2 0| 14 |nas
. m:-l::nm;:m el .N"“_. - — ?‘l—ffﬁ.ﬁr?zr _
180z | BARL 3583 G uan
A RIED MR 7725
[LLCEr
i 16 I
BT] I0ET 11027}
ARTICLILATED
5| MEAVYVERKLE | 3p | 3 | ek d | Ak 1 [Aske 1 k
64 | B4 | 332
il:i.‘u:ﬁ TRALON| Tyrasi 3 [Tyresi . |Tyres: 4 1387 WiN 3535 s

Governing Load Case

:2 14 | D59

ARTICLILATED
HIEAUY WEHICLE

[
L3
-

490 | 14 |D3m

E_
g LT
; Ebl'm jnar) [BST} #mnnmzﬁlm.lm& :i
SIULTI ANLE
F| HEVE VEHICLE 15 “,le T{‘,‘:ﬁ. -El—r: T I €31 YT JEE J530€ XTI 306 30k M0 1474 3 -
AR | AEb
Blells e [alaaialgjalajaals 3
i E aman TR0
ROTES
1 For Trangewre spacing and types refer Fig. 7.
2 RAecommesded overiosd factoes are Based on recend surseys carmied araund in ditferend cities on ssme of Mazicnal Higl Seata Highaay snd
are the mean overiosd facton. Theas can be modifisd ax pev local condBicne.
4 Cwarlosd fector lor design checks tan be laken as recommaended in Table-2 for loeg span Brdges lkaly 1o cary er one YW clans sekicl under

conuideration for mexdmum lse load stfect. For amall ipsna canrying ors webicks the LL/OL retio i high snd sffect of LL should be cheched for osericed
tactor of [1.4+1 &5 wtandard deviation|
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(1) GVW Class 49 Ton Vehicle

: | Lind Vabicle
Leacng Veticke
— —— ‘_[_7& — — : N
BOKN OSKN  OSKN  BOKN  BOKN BOKN €N 95kN  OBKN  BOKN  BOKN BOKN
Atm  |140m | 700m |140m  [1:40m | Min. Specing® 34im| 14om| 7.07m | 140m | 1.40m
fill I

Minimum spacing between rear and front axles of two successive vehicles
For moving traffic condition 20.0 m (with impact)
For crowded/Traffic Jam condition 4.0 m (without impact)

36



Design Pholosophy @

ING - IABSE Public Works Department, Uttarakhand

’ ING-IABSE Workshop on “Design, Construction and Maintenance of Steel Bridges” , Dehradun, 19" & 20t October, 2024

* 3D model of the truss has been prepared and analysed for all loads

e Analysis has been performed for the new loading and the design forces (Demand) are obtained which
has been compared with the Capacity of the section. If the Demand vs Capacity is more than unity,
overstressing is expected and the members are identified separately

= 0.690 Mton
= 211.222 Mton

X =0.690 Mton
= 211.229 Mton
= 4.051 Mton

= FREE
= 209.402 Mton
= 4.048 Mton

= 209.395 Mton

e 3D STAAD model of 121m truss — analysis results showing
the support reactions for self weight of structural steel .




A Overstressed Members 2D
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1)  STRESS SUMMERY OF 121M SPAN (FOR NEW LOADING)
STRESS SUMMARY OF MAIN TRUSS WEMBERS:
ACTUAL ETRESE PERMIESIBLE STREES M TERAC TION RATIO
{tonisg. nch) (o' sg. Imnchy)
BEMBER DESCRIPTION
COME1* COMB2* cComBet*® COmB2* ComMBt* COoMB2*
Comp. Tene. Comp. Tens. Cozamnip. Tens. Comnp. Tens. Cozanip. Tens. Coanp. Tens.
Dz DZx 125 158 12.4 145 .84
O D0 125 1z.8 12.4 14.5 i0.BB
DIAGONALS D1.DIX, DIA & D1AX 10,5 11.2 10,1 12,4 1.8 14.5 0.9%
D3 D3 12.8 13.3 12.4 14.5 D.B2

Members identified where Demand vs Capacity is more than unity and thus
overstressing is expected

(Diagonals of 121m span OWG)
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COMB COMBZ ““ﬁ:‘:ﬁﬂ““ INTERACTION RATIO
MEMEER DESCRIPTION . Bonding 5 Ben
hezar ng Stroes Shear g Stress COMBE{* comez* COMET" COMBz
Gerass [taniay. lnek] [ — (eI neh)
e {1y
By | ] e M, 2. Imazh) W M, Shear Banding Shear Bendlng Shear
R3 4.3 6.6 4.3 5.2 7.3 &4 5.5 8.5 6.4 11.08 0.88
R& 5.2 [ ) 4.5 5.3 T.7 LY 8.8 9.5 5.4 11.08 0.94
ROAD CROSS R7 5.2 [ X ] 5.5 5.3 TH 5.7 5.5 9.5 B.4 11.08 0.94
GIRDER
2] 34 8.4 5.6 53 7.5 3.6 5.5 8.5 6.4 11.08 0.83
Ri1 0.2 6.7 BB 5.3 -] LA 5.5 R 6.4 11.04 0.94
R13 5.2 %] 4.1 5.4 T2 4.1 55 9.5 B.4 11.08 0.95
RIS 4.9 6.7 4.1 5.7 B2 432 5.5 9.5 E.4 11.08 0.90
g15 4.1 a0 (X ] 4.1 o2 (i ¥ 5.5 9.5 B.4 11.08 0.74
517 39 B 0.5 3.8 B3 (-] 5.5 a5 6.4 11.04 0.7
ROAD STRINGER 518 39 @1 a8 8 9.3 o7 8.5 4.5 B.4 11.08 0,70
€19 4.0 9.3 0.5 4.0 85 4 F: 5.5 9.5 E.4 11.08 0.73
820 5.8 B3 [F R ] 5.8 85 4 F:] 5.5 8.5 .4 11.04 0.69 -
¥ 38 LR 08 18 w3 08 8.4 9.8 6.4 11.08 o.6s | o0 089 Q.80
hov 4.0 8.1 o5 4.0 B2 [ 5] 5.5 3.5 E.4 11.08 0.73 Y 1 0.83 O.BB

Members identified where Demand vs Capacity is more than unity and thus
overstressing is expected

(Road cross girder and stringer of 121m span OWG)
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2) STRESS SUMMERY OF 30M SPAN (FOR NEW LOADING)

NO MEMBER OF THIS BRIDGE IS OVER STRESSED

3) STRESS SUMMERY OF 19M SPAN (FOR NEW LOADING)

Azl Sirass Porm. Siress

" |
Boending Momment [Bm) Load Comblnations (bondss.Inch] ftonisg inchy Inieractlan Rutls
BMo. | Stringer DL FPLLLL | WindLosd | Livelead | Combd Comb-2 “'?:E‘H‘hg' WS L b Eomb-2 Comb-1 Comb-i combi | Combz
1 &1 a0.471 23 751 £.743 100,68 211291 | 218.65 7EG.62 10,26 10,95 .50 1.16 1.08 0.06

Members identified where Demand vs Capacity is more than unity and thus
overstressing is expected

(Stringer of 19m span)
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@F{:H 1T SPAN. @aq 14MSPAN,
Q‘ T3X “ 12X Q_@ T5X g@

|L|5
[ T i
= / (ET1 F]H 1b‘:.l-‘.°h_:l (ET1% For 14Msean) / . &
L ’ & o
DA \o* & q"? % 2
//- \ rd F ™, &
@ @ Sl

S ~c:n n o o {sjn S 5/

i e P 3 7 T & - ¢ TR} Ve S
'\\ \\\ I //"

@ ACH @ AC2 O @ ACI @ @ A4 lil:_ﬁ) @ ACS @ ACE @ @ ACT @ @ ACE @ @ ACD @

HLL MW ITeAl IR OMSSM D R,

K12 UNLFSS OTHERWISE WOTED
KX BE K1x K1¥ KX (s KK KRN K1 K1 K7 K3 K1 K1 K1 K8

=

AR ";J; %; Lo | Tl [ Dk DL D [T T 1 Tl l | Tl | Tl Db I 1 T L | Dl | Ll ! | [ehe | |2
523 524 325 526 527 528 529 530 531 53z | 533, 327 526 525 524 323

e 512§ 513 B sS4 & 15 & S1E F 517 B 518 B R S0 531 S22 S16 ™ 515 S14 WA 513 © 512 &

w &1 52 53 S4 S5 S6 57 S8 58 510 519 55 = 54 53 ® g2 T 51 v
512 513 514 515 516 517 518 514 S20 521 522 516 515 s14 513 512

© 523 524 525 526 S27 528 29 530 231 537 533 527 S76 525 S24 523 E’;

2 HAX 1% “1x KAX K 2% 1A “1 K1 K2 2] “1 K1 3]

SN EEEEEEEEEEEEEEEEEEEEE
K7 K1 K1 K1 K3 Kz K1 KE K1 K1 K2K K3X K1¥ K1 1% Kax —_—

[ EXFANSION JOINT . EXPaNSION JOINT

PLAN AT ROADWAY LEVEL

Members identified where Demand vs Capacity is more szt

1 upto 5) %

than unity and thus overstressing is expected (121m span) S|




Bearing Load — Old loading and New loading
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COMPARISON OF BEARING LOADS FOR OLD AND PRESENT LOADING

OLD LOADING (t) NEW LOADING (t)
LG FX LG FX
MAX. 812 812 892 892
VERTICAL PERMANENT 376 376 388 388
NORMAL CASE
MIN. 376 376 388 388
TRANSVERSE - - - -
LONGITUDINAL - 58 - 114
MAX. 864 890 944 974
VERTICAL MIN. 320 292 332 306
WIND CASE
TRANSVERSE 45 45 45 45
LONGITUDINAL - 282 - 338
MAX. 620 620 612 620
VERTICAL MIN. 348 348 366 362
SEISMIC LONG.
TRANSVERSE 0 0 14 14
LONG. . 104 - 252
MAX. 664 694 634 658
VERTICAL MIN. 304 272 344 324
SEISMIC
TRANS. TRANSVERSE 58 58 42 42
LONG. - 284 - 274
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Assessment of Residual Fatigue Life
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Residual Fatigue Life of All Members of 121 m span

“ Member Description Residual Fatigue Life

n Top Chord 543 years

n Bottom Chord 496 years

“ Diagonal Chord 167 years

n Vertical Chord 500 years

“ Rail Stringer 90 years

n Rail Cross Girder 1513 years
Connection between Stringer & Cross Girder: Failed

. A. At central cross girder location
B. Other location 90 years

n Roadway Stringer 22 years

n Road Cross Girder 150 years 44
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S-N curve for direct stress

UTTARAKHAND

Public Works Department, Uttarakhand

ING-IABSE Workshop on “Design, Construction and Maintenance of Steel Bridges” , Dehradun, 19" & 20t October, 2024

Direct Stress Range A o, (N/mm’)

1000

Detail Category specification at

2 million cycles
Constant amplitude fatigue lirat

—— ——— at 5 milhon cycles
— — ~ 1 Cut off lirrut at 100 mullion
: 118 - 2 2 cycles
100 — . 3
4 6 5 %h&‘ﬁ\w -‘-‘_\_‘_‘"-\-\_\_\_\_\_‘_:__'—-\-_\_\__ & .
m
10 A
1 00E+04 1.00E+05 1 D0E+DE 1.00E+07 1.00E+0D3 1.00E+09

Endurance mmmber of cvcles N
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B) One sided connection with | 8) Ac to be calculated on the
fitted bolts or rivets. net cross-section.

80
NOTE: The fatigue strength curve associated with category 160 is Rolled and extruded products: Details 1) to 2)
the hblghe?t. Nlo detail can reach a better fatigue strength at any 1)Plates and flats Sharp edges, surface and rolling
number of cycles. . flaws to be improved by grinding
2)Rolled sections .
untii  removed and smoocth
160 O transition achieved.

\\‘b
@ @
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A Real life complex stress history &2
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(A) Stress-Time History
Number of Repeltitions: 137970

100

E ||||| |'|

= | |

ey 20 ‘||

i

E |-| mm nnhn an |'||‘| |‘||‘| |'||'| nM MO N NN |'||'| I'I'I nn nn nllllll

0 1 I|IJII U1 IIu|I V] UL Y .|'~"| Ul I||J|| I|.J|I Ky .'I”'. ,I'~". UL Y |
D || I. I| II I| III .'I |I III |||| |I II III I| ll. II I|, III |I II ll.l ||| || || I| I| II II | | |
0 100 200 300 400 200 600 00 800

Sample [Index]

(B) Reversals
Mumber of Repetitions: 137970
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Fatigue Loading
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Table 1 (b) Train Formation details in traffic Model for 25t. Loading—2008

A W rain Length] Total
Train type |Composition |l 1o Lust mle

atmle |Weight () Diagram

1. PASSENGER TRAIN

ONE 25 L LOCO + 1S ICF COACH NON AC

ONE UNIT @@ 19500

15 UNITS @& 22297
Type-1 | IL+15 ICF |348.676| 930 | rerioon A —— 2 —— i
COACH £y ]- ._‘v .‘ .1 .l ll Ilv h |‘I l‘t
(Non AC) " Z 1919 3 7% 7 3 & 3z |
vemens & |&lz] 2 2|8 @ | & | 2 | & | &

2. PASSENGER TRAIN

TWO 25 1. LOCO + 22 ICF COACH NON AC

2UNITS i 19500

22 UNITS @ 22297
AXLE LOAD IN A

A
r N N TOTAL W - ek
Type-2 | 2+22ICF | 524.255| 1444 vt T T T 0 T
COACH e Tt
(Non AC) e ROIRIEL 2OJEIRE] OB OVR| : | 512
(Contd.)
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(Comnad. )

Table I (b) Train Formation details in traffic Model for 25t. Loading-2008

=T X . ran Length| Total .
I'rain type |Composition ls:.z.:“Ln.x'eml: Weight (1) Diagram
3. PASSENGER TRAIN
TWO 25 1 LOCO + 26 COACH AC
Type-3 2426 COACH| 613.443] 1990
(AC) 1UNITS & 19500 26 UNITS @ 2297
' - - z\ls N wtat - 1o
N 2 2% 2% W N 2% 1625 1625 825 625
o Y Y S ! VY | a1
SALE PTG [ Z 13 3 21z ’ Z
weee TORET EFF (F) T TR
4. PASSENGER TRAIN
EMU 12 (x4 UNITS)
AUNITS = 6t5a) - 2
ANLELL " r A N
N I 1 13 13 M 2 1] 15 1% 14
Type -4 EMU 12 2542571 736 oS 1 | 1 | | | | 1 |
weee TIF| B (RIEIRI E (R(EIRI E IR

(Contd.)

49



Fatigue Loading @

ING - IABSE Public Works Department, Uttarakhand

’ ING-IABSE Workshop on “Design, Construction and Maintenance of Steel Bridges” , Dehradun, 19" & 20t October, 2024

{Contd.)

Table 1 (b) Train Formation details in traffic Model for 25t. Loading-2008

. S rain Lengih| Total ¥
Train type [Composition |l w Lastask Weight (1) Diagram

(mn)

5. FREIGHT TRAIN

TWO 22.5T LOCO + 40 BOXN

Typc -5 2(22.5t)+40 457.925 4270 TUNITS @ 16000 4O UNITS & 1071)
BOXN AXLE LOAD 0¥ r o~ R4 o A TUTAL Bt « 2704
N Jx% 25H DN NANK 28 % ™ % 2%
T U i S W i A O O
pa IHTHIE N HHEI L L

6. FREIGHT TRAIN

WO 251 LOCO + 55 BOXN

2UNITS @ 19%0 SSUNITS @ 10713
; QADE A A
m”t\m‘ M 2 24 29 2% as 2% 2 2% R S
o L4 P R |
Type-6 | 205T)+55 | 62415 | 5800 : : " S TR -
BOXN wone— E1R1E] 3 [ER|FIR] 9 [%]3

(Coned. )
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Fatigue Loading
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ING - IABSE

Table ! (b) Train Formation details in traffic Model for 25t. Loading—2008

ram Length| Total Di
lagram

Train type |Composition bto Lataxle W eight (1)

7. FREIGHT TRAIN

2(TWO ELECTRIC LOCO + 55 BOXN)

SSUNITS & w713
A

TWO SUCH UNITS
3 TOTAL WL « S

2UNITS @ Jne

Type-7 2E(2+55 1236.33| 11400 SR %
BOXN) ' .'\.‘ r 2% 2% & 2% 1rm 2% 25 2%
e L4 _ 151 i _ 14
A G 7B g E|3 |E a g3
o T U HERHE
8. FREIGHT TRAIN
2(TWO DIESEL LOCO + 55 BOXN)
2UNITS @ 224182 SSUNITS @ 10713 o0
RoRSAS 2 B¢ B < TWO SUCH UNITS
i % 2 2 M 2 2 2% 2% 25 26 e
T I A Y I i Y
Type - 8 2D(2+55 | 1262.62| 11600 wawaw 2|22 §O|Z|E|F|E| @ HIE
BOXN) N om " B -

(Cond. )
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Fatigue Loading
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{Comned. )
Table 1 (b) Train Formation details in traffic Model for 25t. Loading—2008
. . | riuni.:'_ngl[\ Tc_rtal .
Tramn type | Composition |.\LI|::;LI\.:1':L Weight () Diagram
9. FREIGHT TRAIN
TWO BO-BO + 40 BOXM
Type-9 BO-BO+40 | 456.375 4200 JUNIT @ 301 40UNITS @ 10713
BOXN s N v . T p——
4 _ L4 4 P 4
-'|~IIL\H.I|'-I. fT. |i | E i ; E "E |'\-;I ;:-
10. FREIGHT EMPTY TRAIN
TWO 25T LOCO + 55 BOXMN
Type- 10| 2(25T)+55 | 624.15 | 1686 ARLELOADE — v B — Ve s
H-UKN -.'-::L-\ IR IR IM iR Ih In 63 &R Bt 8.3
BT S N S T S N N '
S LTI AN T F R E IR EN F
{Contd )
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Traffic Model for 25t loading
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Appandix G4
Table 1(a) - Traffic Models for 25t Loading
Class of Traffhc
= Weigh Heavy Freight Mixed Traffic Sub Urban Mixed Traffic
Typeof | B | o o omoosiion | LPE | GMT/ Trallo Lines with Heavy | Traffic (60 | Lines with Light
Train - ompos train | Train (100 GMT) Traffic (70 GMT) GMT) Traffic (40GMT)
i ()
No. of No. of No. of No. of
Trains GMT Trains GMT Trains GMT Trains GMT
1+15ICF COACH
1 | don A 900 | 033 3 1.0 6 2.0 - - 5 1.7
2+232 ICF COACH 35T
— 2 | e An 1400 | 051 2 1.0 10 5.1 7 5 26
3 | 2+26 COACH AC 1700 | 062 . . 14 B.7 7 434 . .
4 |EMU1IZ 700 | 0.26 . . . - 200 | 52.0 . .
5 |2(22.5T)+40 BOXN | 4270 | 1.56 2 3.1 . - - - 4 6.24
6 |2(25T)+55 BOXN 5800 | 212 8 16.96 4 B.48 E . g 19.08
Freight 7 | 2E(2+455 BOXN) 11540 | 4.21 10 421 6 2521 . . 1 4.21
8 |2D(2+55 BOXN) 11600 | 4.23 8 33.84 5 21.15 - - 1 423
9 |Bo-BO+40BOXN | 4200 | 153 2 3.06
Freight 10 | 2(25T+55B0XN 1686 | 0.61 . . . - . . 1 0.61
empty 11 |2(22.5T)+40 BOXN | 1278 | 047 . . . - - - 2 0.9
Total 35 101.06 45 7064 | 214 |[s5991| 28 | 3es7
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Ungmal segment Appended segment
Ongmal segment Appended segment
359 A B
359 A B 30
30 25
25 20
20 15
15 10
10 ]
5 A D L]
0 T [ =3 X
5 V 15 Y X -10
A0 54 F
A5 20 - 20 E 20 25
20 4 45 ]
Figcwre A4 Dramage sequence from troughs of the
Figwre A3 Ongmal and appended stress lustorv resorvoir
13.2.1.3 A cumulative damage assessment may be made using: A.FI'FE'I'IdiI G-lll Calculation of Damage
Du< 1 where D, = 3% accumulation by Palmgren

N Cycle counting Methods

I

— Miner’s rule »
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[C) Rainflow Histogram

[A} Stress-Tima History an
a0 Murmber of Repetitions: 13770
a .
|
m I| |
Il k
% [ | 30 - w4
? 50 (4 .
=
z il z
m | | i [\ —=
Iy | g |
ol Uy A ML I T L 1LY i . ) k- 18
a 100 200 3o 400 500 [ 1] o &0 [T I
Sarmple [Index] k) 15 &
(B} Reversals E, 10 - °
Murnber of Repelitions: 137970 '
110 |
| B
m 0
£ Il -
= ' 5 5, 4
50 Hil| " 10
= \ MAORA [} P 5 WA b |I ! —— 0 3
n fo A8 |I| _."" LT ) lll -"'. R -_-"'u |"|.'.I l"u' ] 'll SomA A 'I'c il | - [=1) -
Hhy | i N e O O e e N N Y AT AR T AR ) -~
YR LY T I T Y N T Y P T TR T Y I T | - =
nl ¥ L [ (] 'l ! | ; e i)
a 100 A 1] 4Kl 5001 [ETH] ] X Maan Strass [MPa) uoq Slress Range [MPa)

o
; [ ]
Sample [Inzex] I I I | t
(D) §-N Fatigue Strenglh Curve (E} Palmgren-Miner Rule C u u a I V e
Direct Stress. Cat 125, m,=3. m=5 ) Corst Amp, Factor: 7, Fatique Strergth Factor 1,15
damage method

: : — Dizzign 5-N Sarve
Do i

Sirass Range M Pa)

1 H P T 1 PR T I I A HIFR T ! ' 1 1
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Analysis results through MATLAB programme — Simply supported rail stringer
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Cumulative damage in the member:
Appendix G4 _ Simp::ll,r snljpported ':'strilnger - Midspan & supoort section
Table 1(a) - Traffic Models for 25t LﬂIdll‘iﬂClﬁs Tt SEW'CE I|'FE ,D'F the h,t r|dge - 63 years
» Weigh RS PTG | Mied Trafic | SubUrban | Mixed Traflc Average traffic as per record = 22 GMT
a . . raffic ; ; -
T#:ind % Train Currposll.lcln ilgﬁ ('?r':;ll:: (100 GMT) I'_I'Inraef’:cw:;rage% Tr%mhﬁTgsc %ﬁcﬁéﬂ?tj DeralIEd Eﬂtegﬂr"' = 125 Mpa
£ {th . . '
No. of No_of Mool No_of Cumulative damage as per Palmgren-Miner's rule
Trgams el Trains ] Troams T Tr:rls el 1 E p E
ioer conon _ Flexure  Shear Flexure  Shear
" |nonac e el S e O e =V Type 1 0.0409  0.0000 0.0409  0.0000 .
Passenger | 2 2eZ2ICECOACH | 1400 | 051 2 1.0 10 5.1 7 |35t | s 26 Type 2 0.1027 0.0000 0.1027 0.0000 Fa t | g u e
3 | 2+26 COACH AC 1700 082 14 BT T 434 TYPE 3 0.1253 0.0000 0' 1253 DGDGU
3 |Emuiz 700 | o2 200 | 820 Type 6 0.1031 0.0005 , llllgﬁ-r 0.0005 a S S e S S m e nt by
s [ocesnemeom | 2n | | = | o o | oo Type 7 0.1298  0.0007 0.1480  0.0009
6 |2(25TpssBOXN | s800 | 212 | 8 16.96 4 .48 o | 19.08 Type 8 0.1320 0.0013 0.2111 0.0015 .
Freight | 7 |2E(2+55 BOXN) 11540 | 4.21 10 421 [ 2521 1 421 _ Cumulative damage for 70GMT traffic C u I I I u | at I Ve
8 |2D(2+455 BOXN) 11600 | 4.23 B 33.84 5 21.15 1 423 0.7476 0.0029
9 |BoBO +40BOXN | 4200 | 153 2 .06 Cumulative damage for recorded traffic
e —to damage method
emply 11 |2(22.5T)+40 BOXN | 1278 | 047 2 0.9 0.2349 0.0009
Total as 101.06 45 TO64 | 214 58.91 28 3957 | CGHSidEI’ futurﬂ trﬂfﬁ‘: - 50 GMT
Fatigue life of the member will be
90 years

Summary of cumulative damage assessment result — Simply supported rail stringer
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Danapur Division - Traffic Density (Annuwal & Cummulative G
Section Hathidah{HTZ} link-Rajendrapul [R1O}
Krmi 3.83 - 8.50
Line 5l
Year Annual GMT4 Year Annual GMT
1981-82 26T 2002-032 1547
1982-54 2625 2003-04 13.508
1983-84 4 BES 2004-05 13.48
1984-25 068 2005-06 12 55
198526 HER F006-07 17 62
1986-27 & 363 200708 12 62
1987-28 485 2008-09 T3.630
1985-80 1766 2009-10 00 BG4
1989-90 18.47T 2010-11 4B 55
1990-91 23.083 2011-12 10B.897
1991-92 19,184 2012-13 g2 782
1992-94 19003 A013-14 Ha 283
1993-94 23.191 2014-15 B5.620
1994-35 23 495 F015-16 65 481
1995-96 215687 F016-17 18210
1996-97 25058 2017-18 38120
19497-98 23457 2018-19 39.120
1998-99 23.362 2019-20 39.120
1999-00 21.54T7 2020-21 31.840
2000-01 21.547 Total 1281.000
2001-02 21.545
Total including loading from 1959 to 1981 @ 5 GMT, The average value comes to 22 GMT
*Mote: Annual GMT data of Year 2019-20 has not been provided by the Statistical deptt/ECR/HIP
5o, Annual GMT of year 2019-20 has been assumed of Year 2012-19,

Train loading history
of the bridge — as
recorded by ECR
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Stringer behaviour based on
end connection detail
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AAAAAAAAAAAA

150 long
330x22 thk
— flange _Z weld

6 thk 889x9.5 thk Web

weld

Thickness of web of Stringer = 9.5 mm
Thickness of weld at web = 8.4 mm
Ratio of shear area =1.13

View of Cross
section of Stringer
including weld with
face plate

View of Stringer
weld with face plate

Section property comparison between Stringer section and Stringer welded

connection with face plate 63



Stringer connection behavior in fatigue @

ING - IABSE Public Works Department, Uttarakhand

’ ING-IABSE Workshop on “Design, Construction and Maintenance of Steel Bridges” , Dehradun, 19" & 20t October, 2024

Cumulative damage in the member:
2 span conctinuous Stringer - Support connection (weld)

Service life of the btridge = 63 years
Average traffic as perrecord = 22 GMT
Detailed category = 80 Mpa
Cumulative damage as per Palmgren-Miner's rule
Flexure  Shear Flexure  Shear . .
Type 1 0.9380 0.0337 0.9380 0.0337 IntereStlng Observat|0n -
Type 2 2.0560 0.0785 2.0560  0.0785 as per theoretical
Type 3 4.5000 0.1250 4.5000 0.1250 . .
Tyees 14300 01830 16588 02123 calculation the crack in
Type 7 1.8240 0.2610 2.0794° 0.2975 . .
Tyoe8 16900 02500 19604  0.3004 this connection should
Cumulative damage for 70GMT traffic have Occurred before
13.1926 1.0475

Cumulative damage for recorded traffic 2005. Cr‘ack has been

Dag Dz: Dag + Dge .

41462 03292 4.4754 >1 observed at site on 2011.

Consider future traffic = 50 GMT
Fatigue life of the member will be

years

Summary of cumulative damage assessment result — Two span continuous rail stringer — at
weld connection with face plate -
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Modification of Stringer connection
with cross girder undertaken by ECR
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Residual Fatigue Life of All Members of 121 m span

n Member Description Residual Fatigue Life
- Top Chord 543 years
n Bottom Chord 496 years Residual
n Diagonal Chord 167 years Fatigue
n Vertical Chord 500 years strength
“ Rail Stringer 90 years assessment
n Rail Cross Girder 1513 years shall be_ done
Connection between Stringer & Cross Girder: Failed by testing of
. A. At central cross girder location sample of the
members at
B. Other location 90 years the laboratory
“ Roadway Stringer 22 years of the CSIR-
“ Road Cross Girder 150 years SERC, Chennai
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* All members at the railway level are adequate for the revised loading

* All members at the road level are adequate for the revised loading only if Class 70R
loading is excluded from roadway load.

* All the truss members are adequate for the new loading if Class 70R loading is
excluded from roadway loading

* It has been decided by ECR that class 70R loading need not be considered in the
design check of the bridge. There will be restrictions and regulation in the passage
of vehicles

 With the above condition only the members that are already damaged have been
proposed to be repaired/ replaced which are listed below:

In the main span the rail level stringer connection with the central cross girder where crack in the weld connection appeared and
was later replaced by rivets with cleat angle by ECR

In the 30m approach span, diagonal crack appeared in the upper part of the web of the railway stringer near the support
Inclined members of portal frame above road level have been damaged due to heating by oversized vehicle

Road way RCC deck has been damaged and the entire deck is being relayed 63
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Rallway main span continuous stringer
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Railway 30m span stringer
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Bending of inclined member of portal frame due to hitting of

cor A &cor.8'
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Relaying of deck slab
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Relaying of deck slab
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Relaying of deck slab
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Relaying of deck slab
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Status of Superstructure after Rehabilitation

Original loading

Railway loading- Broad
guage standard main line,
single track (BGML of
1926)

Highway loading - Single
lane of class AA or two
lanes of class A highway
loading.

Original wind/ Seismic
load

All members are
adequate

New loading

Railway loading- Broad
guage 25T loading - 2008

Highway loading - single
lane of Class 70R or two
lanes of class A highway
loading.

New wind/ Seismic load

Revised new loading

All members are adequate
except road way cross
girders and stringers

Railway loading- Broad
guage 25T loading - 2008

Highway loading - Two
lanes of class A loading or
any commercial vehicular
load as defined in IRC
SP37

New wind/ Seismic load

All members are
adequate
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» Working for Repair and Rehabilitation of Mokama Bridge was a huge learning
experience on many counts. Following are some of them:

a. Learnt how important it is for Engineers to write articles about the project

they are involved in, for the sake posterity and for future repair / rehabilitation
/ retrofit.

b. Learnt what all information should be included in AS-BUILT Drawings in a
project.

c. Huge learning on determination of fatigue service life of elements.
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Status of Superstructure & Bearings

Residual fatigue strength is adequate for all the members except at two locations due to the
connection issue where crack has been observed

=Location 1 - Cracks appeared in the weld of stringer connection at the central cross girder location
of all spans due to fatigue failure. Repair has been proposed

=Location 2 — Diagonal cracks appeared at web of the shore span 30m stringer near the support.
Repair has been proposed

Inclined members of portal frame has been bent due to hitting of oversized vehicles.
Replacement of the members have been proposed. Height restriction shall be imposed at the
road level by ECR

Relaying of the entire deck concrete is being done

Bearings are being replaced for the Main Trussed Bridge
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Status of Substructure & Foundation

Substructure and foundations are safe with the new loading

It has been decided by ECR that the following load will be considered for design
on the bridge

MBG train loading ...25T loading - 2008

IRC Class A-2 Lanes or Class AA or Commercial vehicles given in IRC-SP 37 modified as per
the amended version
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