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Finite Element Analysis of I-Girder Bridge
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Abstract: In India railway bridge structures are widely designed with the method suggested by IRS —Concrete bridge code 1997. This
Code of Practice applies to the use of plain, reinforced and prestressed concrete in railway bridge construction. It covers both in-situ
construction and manufacture of precast units. The Code gives detailed specifications for materials and workmanship for concrete,
reinforcement and prestressing tendons used in the construction of railway bridges. After defining the loads, forces and their
combinations and requirements for the limit state design, particular recommendations are given for plain concrete, reinforced
concrete and prestressed concrete bridge construction. The design of 1-Girder bridge superstructure (deck slab and PSC I-beam) are
done by calculating bending moments, shear forces, bending resistance in transverse direction, bending resistance in longitudinal
direction, checking flexural cracking. The Design of PSC I-Girders is done for Bending moments and Shear forces by Dead Load,
Super Imposed Dead Load (SIDL) and Live Loads (LL). The Shrinkage strain, Creep Strain and effect of Temperature rise and fall
are also determined. The design is complete for Pre-stressing cables, un-tensioned reinforcements, End cross girder, Shear
connectors. I-girder superstructures are the most commonly used superstructures at cross-over location in metro bridges in india, as it
has the wide deck slab and it easily permits metro’s to change tracks. I1-Girder superstructure construction is component wise
construction unlike U-Girders. I-Girders are constructed in casting yard and its deck slab is cast in situ, parapets are also installed on
later stage.
Keywords: SIDL effects, Live Load effects, Derailment effect, with or without 15% future PT margin

I. INTRODUCTION
A bridge is a structure designed to cross physical barriers, such as water, a water body, a valley, or a highway. Bridge designs vary
depending on the function of the bridge, the nature of the land on which the bridge is built and established, the materials used to build it,
and the funds available for its construction. Building a bridge is of global importance today. Bridges are the key elements in any road
network and use of prestress girder type bridges gaining popularity in bridge engineering fraternity because of its better stability,
serviceability, economy, aesthetic appearance and structural efficiency. Bridges are nation’s lifelines and backbones in the event of war.
These include barriers that divide people, societies, and nations, and bring them closer together. They shorten distances, speed
transportation and facilitate commerce. Building bridges is very important in communication and an important element in the
development of civilization. Bridges stand as an illustration of the work of civil engineers. In order to supply safer and larger speed of
traffic, the route is made as straight as possible. Box girder bridges have gained wide acceptance in superhighway and bridge systems
owing to their structural potency, higher stability, use ableness, economy of construction and pleasing aesthetics. In U.S, Bridge
Engineers use the code of AASHTO “American Association of state highway and Transportation Officials”; this code will be adopted for
style of the highway bridges with special needs. Similarly, Indian bridge engineers seek advice from the IRC (Indian Road Congress)
commonplace to try to the planning. But the AASHTO commonplace Specification is adopted by several countries because the typically
accepted code for bridge styles. The design parameters are check and verify by the structural analysis program (Cosi BRIDGE). Design is
a very important part of the bridge that determines the safety of the general context and the basic cost of the project. Therefore, the choice
of the correct and appropriate code will save ahigh value of the cost of construction, in addition to the safe and successful design. To
decide the size (dimension) of the member and the amount of reinforcement required. To check the weather adopted section will perform
safely and satisfactorily during the life time of the structure. Design philosophy, loading and unloading patterns and safety factors. Shear
force and Bending Moment induced in the components, Reinforcement required for each design, from these comparative studies, we can
have idea about the best design standards.

Il. OBJECTIVE
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To design and analyse the I-Girder bridge superstructure. It is a component wise design system.

The design is done by considering the loads such as dead load, super imposed dead load and live load.
PSC I-Girders are being analysed by considering 15% margin for future PT.

Deck slab to be designed for normal live load cases and for derailment cases.

11l. METHODOLOGY

The 3D model for the superstructure to be modelled in AUTODESK ROBOT software and is modeled as bar element taking into account
the exact properties of 1-Beam (at the support section and mid-section along with the properties of slab i.e. composite section) ,
diaphragm, and deck slab (modeled as bar element with unit weight=0 & Poisson’s ratio=0), as per final design. In order to transfer loads
from one 1-Beam to the other transverse rigidity is provided in the form of transverse members which include diaphragms and slab.
Bearing (whichever applicable) is provided underneath the I-Girder in order to extract the exact forces under each bearing. Longitudinal
spacing of bars is as per the spacing of the I-girders and transverse spacing of bars varies depending on the section. Since cross girders
are present here in the structure, in the modeling slab has been omitted from those portions. The clear reason being the rigidity of slab
should be taken into account only once.

nnnnnn

LONGITUDINAL MEMBER MODELED AS T-BEAM
\WITH EFFECTIVE WIDTH OF SLAB AS COMPOSITE
SECTION

——— END DIAPHRAGM

A. Longitudinal Analysis

The extracted bearing forces and moments from AUTODESK ROBOT shall be applied on ST1 software and perform the
longitudinal analysis for PSC 1-Girder.

ST1is a Finite elements Method programme. It takes into account the phenomena specified below:

1) Actual Construction Stages: Time variations of both topology and loading.

2) Effect of Time on materials: Creep, Shrinkage of concrete and Prestressing losses (instantaneous and long term losses)

The prestressing layout for | — Beam are shown below.
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B. Construction Sequence
The following are the construction stages which are considered for the verification of I-Beam.

STAGE ACTION WITH SECTION PROPERTIES
1. Casting of I-beam in casting vard Single I-beam only
2 SW(Single I-beam) + PT(After Short Single I-beam only

term Losses due to PT)
Stage 2 + Self Weight of slab +

3. Diaphragm Single I-beam only
4. Stage 3 + SIDL Composite Section - [-beam + Slab
5. Stage 4 + LL + Impact Composite Section :- I-beam + Slab
C. Load Combinations
IRS CBC-1997 Table 12
LOAD LIMIT Yo TOBE CONSIDERED IN
STATE COMBINATION
1 2 3 4 3
Dead weight of concrete ULS 1.25 1.25 1.25 1.25 1.25
LS 1.00 1.00 1.0 1.00 1.00
Superimposed dead load ULS 2.00 2.00 2.00 2.00 2.00
1.20 1.20 1,20 1,200 1,00
Wind During erection 1.25 - - -
1.00 - =
with dead and superimposed  dead
loads only and for members primarily ULS - 160 - -
resisting wind loads. SLS = 100 - -
With dead plus superimposed dead VLS - 1.25 - -
plus other appropriate combination 2 SLS - 1.00 - -
loads.
Relieving effect of wind ULS - 1.00 - -
e - 1.0 - -
Earth During erection ULs - 1.2%
quake SLS - 1.00
With dead and superimposed dead ULs - 1.60 - =
loads only SLS - 1.00 = =
With dead plus superimposed dead ULS - 1.25 - -
plus other appropriate combination 2 sSLS - 1.00 - -
lpads.
Temperat | Restraint  against movement  excepl LS - = 1.50 -
ure friciional (W] =
Frictional restraint - - 1.50
- - (1]
Differential iemperature effiect 1.15 -
- {80 -
Differential setlement As specified by engineer
Fill retamned and or live load 1.70 1.70 1.70 1.70
Earth surcharge 1.00 1.0 1.0 10K}
Pressure relieving effect .00 1.00 (L] .00
Erection temporary loads (when being considered) ULS - 1.30 1.30 -
Live load on foor path ULS 1.50 1.25 1.2%
SLS 1.00 1.00 1.00 -
Live load ULS 1.75 1.40 1.40 =
SLS 1.10 1.00 1.00 -
Derailment loads I As specified by bridge rules for combination 5 only)

PSC I-Girders are design for load combination 1 as it is the critical case.

D. Design Criteria

Alewable

Stage compressive Value Reference

. 0.5 fgi but
Construction < 0.4 ik 24 MPa -1 MPa IRS
Service 0.4 fok 24 MPa No tension
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E. Transverse Analysis
The transverse analysis is done for the most critical section of deck slab in STAAD Pro. Slab is designed as per meter width element
choosing the most critical position of live load. The analysis is for the normal case and derailment cases.

F. Derailment Load

Vertical derailment load is calculated According to EN 1991-2 86.7, two design situations shall be considered:

1) Design Situation I: derailment of railway vehicles, with the derailed vehicles remaining in the track area on the bridge deck with
vehicles retained by the adjacent rail or an upstand wall. The part of the structure concerned shall be designed for the following
design loads in the Accidental Design Situation: 1.4*LL parallel to the track in the most unfavourable position inside an area of
width 1.5 times the track gauge on either side of the center-line of the track, as shown in the figure below:

’Q 2 L Q)

0,7xLL 0,7 xLL
y | l
AN = i L nﬁ/
(3)

) . @ ;

>

~

a) :max 1.5s or less if against wall

b) :Track gauge (s)

c) : The point forces may be assumed to be distributed on a square of side 450mm at the top of the deck if vehicle remains on track
plinth. If not, the point forces will be directly applied to the deck.

2) Design Situation I1: derailment of railway vehicles, with the derailed vehicles balanced on the edge of the bridge of the bridge
and loading the edge of the superstructure (excluding non-structural elements such as walk ways).

For this Design situation, the bridge should not overturn or collapse. For the determination of overall stability, a maximum total
length of 20m of 1.4*LL(AWO) shall be taken as a uniformly distributed vertical line load acting on the edge of the structure under
consideration, as shown in the figure below:

14 xLL

|=20m

a) Load acting on edge of structure
b) Track gauge (s)
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G. Design Criteria

H. Shear Connectors

The shear connector is installed on the girder and integrated with the concrete deck so that girder and the concrete deck work together. It
is mainly installed by embedding the shear connector in the concrete girder. As for the forms of the shear connectors have been proposed
and studied in consideration of the binding capacity of girders and concrete decks, and the work efficiency of construction workers.

Concrete deck
Concrete deck Concrete deck
Stud
Hooked rebar Hooked rebar
Precast girder
Precast girder

1V. CONCLUSION
The bridge can be composed of 1 span or multi span with 20~40m per span. Depending on the shape and construction method of the
beam, the length of one span can be as long as 50m.

Barrier

Slab Pavement

=

i .
T LI Il

PSC Girders

The grillage model distributes the loads through transverse members.
Depending upon the bending moment diagram obtained from AUTODESK ROBOT software a parabolic cable profile is provided.

A. Stresses in Construction stage (with 15% margin)
1) Beam Bottom

CEFEMA - CEFEMA_CTOA ST1_27m —ST1
1
1 .
ot
-] s
e dzgu-TT 1]
z
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2) Beam Top

CEREMA - CEREMA_CTOA S5T1_27m - 811

}_

l._ x Gl WTVE env TO0U  ALL CORSTRUCTION STRAGES
3) Slab Bottom
[CEPEMA - CEFEMACTOA ST1.2Tm B

4) Slab Top

CEREMA - CEREMA_CTOA ST1_2im - 8§T1

oy 311004
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B. Stresses in service stage (with 15% margin)

1) Beam Bottom
CEFEMA - CEREMA_CTOA ST1_27m =y
130472 X e __'___]waanz
Freg ™ “i‘ i i £ ’; / -
[ s | i e \
r i Al - 4 ‘
]_ ¥ i T T TRELSEAVEL STAGES
2) BeamTop
CEPEMA - CEFEMA_CTOA 5T1_27m - §Ti

UL =REEULY 2
1 I e L .

il il il el |

| lesqra| |

G UVUL & 250 FNAL SEVICE STAES

1
Lo -

- 8T1

ST1_2im

3) Slab Bottom
CEREMA - CEREMA_CTOA

ix b4 b kL4 ko kol

TR WL W 50 TRUAL SERVE STAT
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4) Slab Top

CEFEMA - CEREMA CTOA S11_2im — =71

...........................

The above stresses are in limit as per the design criteria.

C. Prestressing Losses
1) Beam

CEREMA — CEFEMA_CTOA ST1_Zrm — =73

—n

30 PresEsERG ETEEE

2) Slab

CEREMA — CEFEMA_CTOA ST1_27m — =71

Therefore,
Total Prestressing force at Ultimate Stage (After all losses) = (11.1551-0.15650) = 10.999 MN

Total Prestressing Losses: -
Total Actual Jacking Force = 72 * (0.765 * 1860) * 140/10"6 = 14.343 MN
After all losses, effective pre-stressing force at long term = 10.999 MN (Refer above sketches)
Losses due to Prestressing: -
= (1- (10.999/14.343))
=23.3%
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D. Flexure Verification

ULTIMATE LIMIT STATE : FLEXURE ( IRS Concrete Bridge Code 1957, Cl. 16.4.3 )

1.) Materials Parameters :

A = 60 Nimm# - Characteristic Compresive Strength of Concrete
ke = 1860 Nimm? Characteristic Strength of Prestressing Tendons
E = 195000 MPa Modulus of Elasticity of Prestressing Tendons

2.) Section rties ©

8, = 1.356 m* Cross Sactional Area
[ = 0.5%4 mt Inertia of Section
¥y = 1211 m Distance from Battom fiber to the Center of Gravty of Section
n = 040 m Awerage Thickness of Flange
B¢ = 2055 m Average Width of Flange
H = 1.850 m Total Height of Section
Te = 0.350 m Thickness of Web
d = 1491 m Distance fram Top fiber ta the COG of Tendans
Ay 0EED o Asea of Flange (See Fig. below)
3.) Prestressi
No.of Eccentricity from
Strands Bottom Fiber (m)

16 0

16

19 0.5%0

19 0B
A = 0.00014 m Area of Strand
H, = 70 Total no. of Strands
g = 0493 m C.0.G of Strands from Bottom Fiber of Section

Ny gir = 10 365 MN Effective Normal Force due to prestressing after all Losses
3.) Analysis : Assumption . Position of Neutral Axis 'y "lies within the Flange =t X= 03 m
& = 0.0035 i
Tf -+ |
¢ Al
-
1Tw
-
3

= (aleulation of Fe :

Fo=Fi= 041,04

Fy = 15.847 MH Fy due 1o A
M = 21.084 MH-m M, due to A
F.= 15847 MN
M. = 21.084 MN-m
== Caleulation of F; :
Y = 0.00542 Inttial Strain dus to prestress after all Losses
OK, in the elastic domain
5 = 0.01274 Strain due to prestress
L] = 0.0182 Total Strain due to prestressing
% = 1617 MNimm? - Stress due to prestressing (Comesponding ta Total Strain e4e)
F: = 15.847 MN F, dus to prastrass
== F-F: 000
4.) Check :
M = 21.084 MN-m Capable Ulimate Moment of the Section
M = 12 692 Mhem - Applied Ulimate Moment (ULS-GI -« 1 25DL+2SI0L+1.T5LL)
M (MN.-m}
DL i)
SIDL 822
LL| 152
12892
0005+HpuEsys = 0.0133
o = 1.00 Implification Factor (Refer C1 16.4.3.1.)
Moey=M'a = 12892 MH-m Applied Ulimate Moment (ULS-GI - 1 25DL+25IDL+1 75LL)

IS MsMygng 77 = Yes, Ssction is able to Resist Applied Moment
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E. Shear Verification

ULTIMATE SHEAR RESISTANCE ( IRS Concrete Bridge Code.1997, Cl. 16.4.4 )

b - Thickness of Web
H Total Height of Section
A Cross Sectional area of | - Girder
fox = : Charactenstic Compresive Strength of Concrete
d = Distance from Top fiber to the COG of tendons
| = Inettia of Section
Yo = Distance from Bottom fiber to the Center of Gravity of Section
W, = Distance from Top fiber to the Center of Gravity of Section
€ = : Distance between C.0.G of Section to C.0.G. of Tendons
| ¥ = Characteristic Strength of Link Reinforcement
Ve = Applied Ulimate Shaar Force (ULS-G| - 1.250L+2SIDL+1.75LL)
Vi (MN) | Mu [MN - m)
DL 0.308
SIOL]  0.317
LL+ 0.322 0.662
1583 3
2.) Section Uncracked in Flexure :
f, = 1.859 Wimm® . Maximum prncipal tensile stress at the centroddal axis
N = 9018 MN Normal Force due to Prestressing after all losses (with 0.87 factor)
T = 6641  Nimm* : Compressive Stress at the Centroidal axis due to PT
Vee = 1678 MN
3.) Section Cracked in Flexure :
Fot = 1B8.596  Wimm® : Stress at the Tensile Fiber due to PT enly with 0.67 factor
My = 10.881  MN-m : Cracking Moment at the Section Considered
Vo = 5401 MN  : Maximum Shear and Comesponding Bending Moment (At Support)
Section is Uncracked
4.) Shear Reinforcement :
Ve = 1563 MN Applied Ulimate Shear Force (ULS-GI - 1.250L+25IDL+1.75LL)
Ve = 1678 MN Minimum of Vi and Ve,
AJS, = 351 Cmém : Reinforcement for Webs
5.) Maximum Shear Stress :
v = 3352 Nimm? : Applied Shear Stress
Vinax = 5300 MNimm® :IRS, Table 26: Maximum Shear Stress

0.K.

F. Shear Connector at support Verification

Vi = 23237 Ton Ultimate Vertical Shear due to Dead load of slab (Ut Factor = 1.25)
Vi 2 B2705  Ton Ultimate Vertical Shear due to SIDL, { From 8T1), (Ult. Factor = 2)
Vi = 106.397 Ton Ultimate Vertical Shear due to Live Load, { From Robat ), (Uit Factor = 2.5)
v = 212339 Ton Total Ultimate Vertical Shear force
Az = 0540 o Transformed Compressive area of Concrete above the neutral axis
Y = 0699 m Distance from N.A. to the centroid of area under consideration
| = 0646 m' Moment of Inertia of the whole transformed section
Vi = 124166  Tonim Longitudinal Shear per unit Length, 7, =V 4. Y /T

CALCULATION OF RESISTANCE OF THE SECTION

Where,
As = 00042 mAm  Required Reinforcement) = V. / (0.7,
F] = 0016 m Diameter of shear connector
n = 4 no. ofleg for T16
S = 0150 m Spacing of shear connector along the lengths of |-Beam
d = 001E m Diameter of shear connector
n = 2 no. ofleg for T16
] = 0300 m Spacing of shear connector along the lengths of |-Beam
As = 0.0067 milim Cross sectional area of the shear connector per unit length of I-Beam
SHEAR CONNECTOR ARE OK
oy = 2304 Tim? Yield strass of the reinforcing
D = 0240 m Depth of slab

The spacing of shear connector shall not be less than 0.7 times the depth of slab and shall not be greater than two
times the depth of slab SPACING IS OK

CHECK FOR MINIMUM REINFORCEMENT : IRC-22-1986,CLAUSE : 612.2.2

The vertical reinforcement from web and flange of the precast element shall be extended into the cast-in-situ concrete

slab. Such reinforcement shall not be less than 0.15 parcent of the contact area or 130 sq. mm per meter of the span
Acontact = 0875 m Contact Area

MiN. REINFORCEMENT IS OK
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G. Deck Slab
1) Flexure Verification

[> Key
e e _o._._u_._o_J‘_q_._n_._.-_._.c_._ o
Anaiysis Case 2
24(gren A $ 4+ Reference Fomt
| Hewrat Ax
f - L] - [ L] - . ® ® L G Compression Side
§ Zateli = . = ™ Crack widine

Max, Crack v
©  Bar Controfing Max Crack

Section 1 Details

1.81% reinforcement in section 1 {Section 1) . Check this against code requirements.

Serviceability Analysis - Loads

Case N My Mgz M @

g Uim ORm! R[]
1 0.0 -76.50 0.0 7€.50 -180.0
2 0.0 14.54 0.0 14.94 0.0

Section Material Stresses/Strains at SLS Loads

Case Point Coordinates Notes
¥ z Strain Stress
mm] [l -1 10F/mme |
Maxima
1 2 s00. 428.0E-6  13.45
1 2 s00. 428.0E-6 13.45
Minima
1 4 -500. -0.001212 0
1 1 500 =0.001212 0.0

Reinforcement Stresses/Strains at SLS Loads

Case Bar Coordinates Hotes
¥ z Strain Streas
[mm] ] -1 IN/mm? ]
Maxima
1 15 480.0 -72.00 100.1E-6 20.02 FE-500
3 15 480.0 -72.00 100.1E-§ 20.02 FE-500
Minima
1 § -480.0 72.00 -883_TE-6 -176.7

1 6 -480.0 72.00 -883_TE-€ -176.7 F

1
Crack Widths at SLS Loads

Crack widshs calculated at 20mm intervals

Case Face Point Coordinates Strain Ey Strain Ey by Control Bar  ag, Cover B
x  Crack
Width
y o= Cmin  From
e e [zm]
(mm]
Maxima

1 4 110 100.0 120.0 -0.001212 -0.001212 1.000 18 61.31 40.00 Face 4
240.0 £2.65 0.2229

Strength Analysis - Summary

Governing conditions are defined as:
- reinforcing steel tension strain limic
E - conerete compression strain limit
Effective centroid is reported relabive to the reference point.

Case  Eff. EEf. N oM M. MMM, Governing Neutral Neutral
Centroid Gentraid Condition  Axis i
@ (=) angle Depth
O Ui Rl [
Masi
1 -0.5731  0.835% 0.0 -156.5 -185.1 0.8255 B: Node 2
Minima

2 -0.5731  0.823% 0.0 25.74 153.1 0.1877 B: Wode 1

13.45 375 025 oK

176.7 0.2229 0.8295 22

H. Cross-Girder
1) Summary

“ue = Saggin
te = Hoeging

Table 4. Bending Moment

oo | ipicae |t | et

Max +ye 943,381
SLs DL+1.251DL

Max - ye -135.605

Max +yve 1374.85
uLs 1.25DL+25IDL

Max - ve -180.179

Table 5. Shear Force

o | icoe | e | b
SLS

DL+1.25IDL Max 1413.32

uLs 1.25DL+25IDL Max 2059.70
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2) Verification for Sagging moment

730mm Fy Key
7 T 0.54% renforcemant
[ Annlysts Case 1
n

—— —9- +  Rsference Point
'J_'f-m — - Keutral Axs
C ampression Side
|t - T Crack Widths
Max. Crack Viidin
. . = Bar Controling Max Cragk
+
141 fmm
. 0
. .
. .
. .
. - +

Section 1 Details

0.54% reinforcamsnt in smsction 1 (Jaction 1). Check thi= against code requirsments.

Serviceability Analysis - Loads
Case H H'ﬂn M&i H ]

3% [ml g (5 01

1 0.0 135.6 Q.0 1235.6 0.0

Section Material Stresses/Strains at SLS Loads

Caze Point Cooxdinotes Hotes
¥ = Strain Stress
[=m] [zm=] [-1 [H/mm® ]
Maxima
1 1 365.0 0.0 55.37E-6  1.73¢
1 1 385.0 [ 55.27E-€ 1.756
Minima
1 4 225.0 —1410. -313_.5E-6 0.0
1 2 3685.0 —240.0 —7.002E-6 0.0

Reinforcement Stresses/Strains at SLS Loads

Caze Bar Coordinates Hotes
¥ s Strain Stress
[=m] =] [-1 [Hfemmi]
Maxima
Es 1 177.0 —-360.0 -3B.44E-6 -7.688 rebaxr 500
1 1 177.0 -3€0.0 -35.44E-€ -7.688 zebaz 500

-300.9E-6 -€0.18 rebar 500
—300.8E-€ -60.18B rebar 500

Crack Widths at SLS Loads

Maximum Crack Width per Face

Crack widths calculated at 20mm intervals

Case Face Point Coordinates Stxmin Ep Strain Ey by Contral Bar  agy Cover
h x Crack
Width
¥ = Cmin From
[zm] [mm]  [=m]
[zm]  [mm] [rm]
Maxima
1 4 4 B5.00 -1410. -313.5E-6 —313.5E- 0.4500 18 B2.6€% 40.00 Face 4

1410. 212.3 0.07783

Strength Analysis - Summary

Governing conditions are defined as:
A& - reinforcing steel tension strain limit
B - comcrete compressicn ssrain limit

Effective centroid i= reported relative to the reference point.

Case Eff. Eff. " M My M/, Gowerning Heutral Reutral
& o
Centroid Cashraid Condition BAxis i
(35 [£3] Angle Depth
5] IRim) [Hs] %1 [ezm]
i
1 -130.%E-9 -25.4€ 0.0 180.2 1414. 0.1274 B: Kode 1
Minima
1 -120.8E-8 —25.46€ 0.0 1680.2 1414. 0.1274 B: Kode 1

©IJRASET: All Rights are Reserved



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue VIII Aug 2021- Available at www.ijraset.com

3) Verification for Hogging moment

Key
1.05% reinforcement

Analysis Case 1
- = - Referance Pont
| — - Heuiral s
i T Compression Side
l T Crack Widths
- Max. Crack Width
Bar Controling Max, Crack

. :
. -
K .
——
4 450 *
Section 1 Details
1.06% reinforcemsnt in saction 1 (Jactiom 1). Check this against code requirements.

Serviceability Analysis - Loads
Case H m -]

e R R o
1 0.0 —S43.4 0.0 943.4 -180.0

Section Material Stresses/Strains at SLS Loads

Case Point Coordinates Hotes
¥ = Strmin Stress
[mm] [mm] -1 [5/mm? ]
Maxima
1 § -235.0 —1410. 334.3E-6 i0.5L
1 5 -2325.0 -1410. 234 2E-€ 10.51
Minima
1 1 265.0 0.0 -0.001040 o.0
1 1 265.0 0.0 -0.001040 o.0

Reinforcement Stresses/Strains at SLS Loads

Case Bar Cocrdinates Hotes
= Strain Stress

[-1 [H/mm?]

2ET.6E-6 57.51 rebar 500

2B7.€E-€ 57.51 rebar 500

1 20 -315.0 -50.
1 20 -315.0 -50.00 —880.8E-€ -196.2 zebax 500

ad -990.8BE-6 -188.2 xebaxr 500

Crack Widths at SLS Loads

Maximum Crack Width per Face

Crack widths= caleounlated at 20mm intervals

Casze Face Point Coordinates Strmin En Stwain E1 bt Contwal Baxr  agy Cover
h x Crack
Width
¥ = Smin Erom
[zm] [=m] [mm]  [em]
[mm]  [mmm] L]
Maxima

1 1 1 285.0 -120.0 -322.EE-€ -232.6E-€ 0.7300 26 T6.02 40.00 Faee 1
1410. 2342.1 0.1971

Strength Analysis - Summary

Governing conditions are defined a=s:
2 - reinforcing stesl temsion =train limis
B - concrete compressicn =srain limit
Effcctive centzeid iz zeporsed relative to the zefersmce poinms.

Case Eff. Eff. " M My MMy Governing  Neutwal Beutral
Centroid Gahesid Condition Exiz  Bxim
) (=) Zngle Depth
5] [5Mm) [5Mg] °1 [re=]
Mazima
1 0.0 -27.52 0.0 1375. 2540. 0.3413 B: Kode ¢
Minima
1 a.0 -27.52 0.0 1275. 2540. 0.5413 B: Fode 4
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4) Shear Verification at support

ULTIMATE SHEAR RESISTANCE ( IRS Concrete Bridge Code.1997, Cl. 16.4.4 )

1 bate
b = 0450 m Thickness of Web
H = 1410 m Total Height of Section
A = om0z mr : Cross Sectional area of End cross girder
o = 55 Mimm? : Characteristic Compresive Strength of Concreta
d = m Distance from Extreme fiber to the COG of Reinforcement
| = 0126 m4 Inertia of Section
Yo = 0TEl m  Distance from Bottom fiber to the Center of Gravity of Section
w, = 0649  m  Distance from Top fiber to the Center of Gravity of Section
€ = [ Distance between C.0.G of Section to C.0.G. of Tendons
fou = 45 Nmm* :C istic Strength of Link Rei . fy <415 Mpa
A = 2060 MM Applied Ulimate Shear Force (ULS-GI - 1.25DL+2SIDL+1.75LL)
V., (MN)_| Mu (MN - m)
DL 0710 0474
SIDL| 0586 0391
2.060 1.375
2.) Section Uncracked in Flexurs :
f, = 1780  Mimm® : Maximum principal tensile stress at the centroidal axis
N = 0.000 MM Mormal Force due to Prestressing after all losses (with 0.87 factar)
fo = 0.000 MNmm® : Compressive Stress at the Centroidal axis due to PT
Voo = 0757 MM
3.) Section Cracked in Flexure
T = 0000 Mmm® : Stress at the Tensiie Fiber dus ta PT only (with 0 87 factor)
M = 0455  MN-m  : Cracking Moment at the Section Considered
Vo = 085 MM Masximum Shear and Comesponding Bending Moment (At Support)
Section is Uncracked
4.) Sheor Reinforcement : s
Vo = 2060 MN - Applisd Ulimate Shear Force [ULS-GI - 1.25DL+25IDL+1.75LL)
Ve = 0757 MM Minimum of Voo and Ve,
AJS, = q2  CoiUm - Qeinforcement for Webs
5.) Maximum Shear Stress :
v = 3390  Mmm® : Appiied Shear Stress
Vi = 5300 MWmm® :IRS, Table 26: Maximum Shear Stress

O.K.
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