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Defects In railway bridges and procedures for
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Length and axle load of Main Line and Diversion Iran Railway Track

Allowable Axle Load Description

I+ ton

roton

rY,oton

\\

) 7ton sum
Main Line (Km) F9)y Frof AFF FA Vo VAF
Percentage of Main Line 7% 4% X% 1%
Diversion Track(Km) AAT Fry . YYrF
Percentage of Diversion Track(Km) Y% r'A% % %
Sum of Main and Diversion Line(Km) FA) FFeF ar¥ FA 1Yerd
/ Percentage of Lines ¥+% 2% % 1%
25 ToN 25 ToN 25 ToN 25 ToN
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Project Introduction

Percentage of Main Line

Iran Railway Axle Load s

—--——--——'

Allowable Axle Load Description
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Iran Railway Axle Load Map Project Introduction
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The Most Types of Railway Bridges in Iran

May- ety
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Variety of Bridges
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2.2.3 — Methods for Masonry Bridges

A UIC project on Masonry Arch Bridges, UIC Masonry (2008), has produced recommendations
for inspection, assessment and maintenance of masonry arch bridges, UIC Code 778-3R (2009).

Standard methods used involve:

- In-situ visual examination (if necessary with the aid of an endoscope);

- Sampling, and laboratory tests to determine porosity, density, frost sensitivity, composition,
weathering.

In Table 2.3 NDT methods are given. A combination of methods is often useful.

Table 2.3. Non Destructive Testing (NDT) Methods for Masonry Bridges
The following table gives information about restrictions and limitation of NDT-methods, SB-ICA
(2007), Table 5.4. Information is also given in UIC Code 778-3R (2009) Tables 3.1- 3.6
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Fie. 1. Collapnse of the Trieno river bridee (Italv) durine the Januarv 25. 2003 Basso Molise floodine event.




Damage Types For Railway Masonry Bridges




(70)
o
2
8 g
s
C
2
e,
DS
9
2
S
o
e
e
L
(7]
g
e
O
o)
e,
S
e,
Q




(70)
o
2
8 g
s
C
2
e,
DS
9
2
S
o
e
e
L
(7]
g
e
O
o)
e,
S
e,
Q




Tl jduiid el Glongeld]

2.3 - Classification of defects
A distinction is made between four groups of defects:

1 — Minor defects, rectification of which may be postponed until they can be conveniently
treated.

2 - Serious defects without short-term effects on the stability of the structure, but which may
lead to increasingly costly maintenance work if not rectified swiftly. Short-term may here mean a
period of a couple of months.

3 - Serious defects with short-term effects on the carrying capacity of the structure, thus
leading to traffic restrictions.

4 - Defects requiring immediate action.

The classification can also be based directly on safety levels (where severity could be clarified)
or on the cost of repair.

One example of a system to classify defects is given in SB-ICA(2007). In chapters 3 (Defects
and degradation processes) and 4(Condition rating) and in Appendix 2 (defect catalogue),
defects are described according to their position L (geometrical data as input to the FEM-
model), their intensity | (for example as a relation between designed and current cross section)
and defect extend R (relation between damaged and integer element).

For masonry bridges examples are given in UIC Code 778-3R (2009).
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Modeling Methods and Verification and Damage Detection

@ @J)(® >
Bridge Coring Half Elepfricol Reinforcemen Tension of Mon‘or in  Soil Shear Plates Bolts Test
cell Resistance f Test bending Tests Wave Test

FB * * * * * * * _ _
BOOZ * - * * _ * * _ _
AV % _ _ _ * * * _ _
PCB % % % * % % % _ _

B - - - - _ * * * *
SBB - - - - * * * * *

* * * * *

ACB
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PERFORMANCE LEVEL

During Upper Level Earthquake

During Lower Level

e Earthquake
LEVEL hl;l’;?mm P'é;];e';ge Op;l;i;nal 5.Ln?mﬂr?1 cfpf’r;fiﬂ'r'ﬁél
v Level
| A A : : :
[ A | : : :
I A | - : :
v A - : : :




ol 5y S0l el b (guat y gl § Judidel i §y Guweid

SEISMIC RETROFIT CATEGORY FOR THE

SEISMIC RETROFIT CATEGORY FOR THE

ACTION LOWER LEVEL EARTHQUAKE UPPER LEVEL EARTHQUAKE
A B’ Cc D A B C D
Screening NR? - seat widths, seat widths, NR seat widths, | seat widths, seat widths,
Components to be connections, connections, connections | connections, connections,
screened: columns, columns, walls, and columns, walls, | columns, walls,
walls, footings | footings, liquefaction | footings and footings,
and abutments and liqguefaction abutments and
liquefaction liquefaction liquefaction
Evaluation
Evaluation methodstobe | yg | . C c NR A1/A2 B/C/D1/D2 C/D1/D2/E
used™”. See table 1-9.
Retrofitting | Seats and
Components | Connections NR - Yes Yes NR Yes Yes Yes
to be Columns,
retrofitted. if | walls. NR - Yes Yes NR NR Yes Yes
deficient: footings
Abutments NR - NR Yes NR NR NR Yes
Liquefaction NR - Yes Yes NR Yes Yes Yes
Notes:

1. Seismic Retrofit Category B is not used when evaluating and/or retrofitting bridges for lower level ground motions.
2. NR = Not Required.
3. A1/A2 = No analysis; minimum capacity checks
B = No analysis; component capacity checks
C = Component C/D method using elastic dynamic analysis methods

D1 = Capacity spectrum method.

D2 = Structure C/D method; also called Nonlinear Static Procedure, or Displacement Capacity Evaluation
E = Nonlinear dynamic method using inelastic time history analysis
4. Selection of evaluation method also depends on bridge geometry: for irregular (complex) bridges, use Methods A, C, D2 and E as
appropriate.
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u = dry friction coefficient
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Fiufe 4. A reinforced arch (arch 2) without shear reinforcement showing prete
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Figure 1. The arch as a four-link mechanism during the first half cycle of motion.
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(a) (b) (c)
(d) (e) ()
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C A= T

Figure 10. UDEC snapshot of Oppenheim’s arch subjected to an impulse of magnitude ¢ =1.0g and
duration 7, =0.22 s at time 1.29 s, with reduced Rayleigh damping ( fyin =0.05 Hz and ¢;,, = 0.001%).
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Table 1 Table 2
Geometrical data of the S. Marcello Pistoiese Bridge. Geometrical data of the Cutigliano Bridge.

S. Marcello Pistoiese Bridge

Cutigliano Bridge
Total length 7250m
Width 580m Total length 82.50m
Height over the mean water level 2325m  Width 7.40 m
Parapets height 1.00m  Heijght over the mean water level 16 m
A 3 Deck gradient 5%
Piers Arches number 3
Width 5.80m .
Length 7.20m —
Height 10.00m  wWidth 250 m
Main arch Length 7.00 m
Span 2150m  Height Upper pier 3.50m
Rise at midspan 10.75 m Lower pier 250m
. . At the springing 220m .
Brick vault thickness et e ooom Dosserets above the piers
Stone cornice thickness At o g;g m  width 350 m
. e springing 50m
Total arch thickness At the key 120m Lerll gth 7.00 m
Depth of the fill at the crown 130m Height 1.50m
Lateral arches Structural arches
;Fi’ﬂ“ » igg m  Span 16.50 m
se at midspan 00m - -
Brick vault thickness 0.40 m Rise at midspan At th _ ?gg m
Stone cornice thickness 020m  Concrete vault thickness tthe springing AJUm
Total arch thickness 0.60 m At the key 0.70m
Depth of the fill at the crown 1.90m  Depth of the fill at the crown 0.65m

. 1. View of the two structures: (a) S. Marcello Pistoiese Bridge; (b) Cutigliano

\\
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Fig. 2. S. Table 4
Structural parameters adopted in the numerical models of the bridges: material density (y), Young's modulus (E), and Poisson ratio (v).

Bridge Material y (kg/m3) E (MPa) v(=)
Masonry of stone and lime mortar (piers, spandrel walls, abutments, parapets) 2200 5000 0.2
S. Marcello Pistoi Masonry of stone and concrete mortar (arch cornice) 2200 6000 0.2
b2 e s Masonry of bricks and concrete mortar (vaults) 1800 5000 0.2
Backfill 1800 500 0.2
Masonry of stone and lime mortar (piers, spandrel walls, abutments, parapets) 2200 5000 0.2
Cutigliano Concrete (dosserets and vaults) 2400 12000 0.2

Backfill 1800 500 0.2
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11IVIE (SEC) Frequency (Hz)
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Modeling Methods and Verification and Damage Detection

Modeling and Analysis of Bridges For Evaluation

Bridge BE’EM SI:E;_II so;;'[c)je in fefc?ci:l Fon Soft Ware Model Verification Method
FB - * - * SAP Ye e Deflection Control In site
BOOzZ * - * Plaxis Deflection Control In site
AV g mode conttal
PCB * * * * sap re - -plaxis Deflection Control In site
B - - - - sap e Deflection Control In site
SBB - - - - Sap Yeee Deflection Control In site
ACB N N N i sap te e Health monitoring and Strain

Control




Repairing

Water & Grout Injection for Masonry Bridge
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Structural Adhesive Main Reinforcement Bars Structural Adhesive




Retrofitting Methods

Near Face Cold Formed Reinforcement Effect
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Retrofitting Methods
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Retrofitting Methods

Concrete Jacket For Pier
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