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Abstract: 

Generally a bridge is defined as a structure spanning a river, road, valley, depression or any other 

type of obstruction with a purpose to provide through passage of communication. This project is taken to 

study the torsion moment of inertia effect on reinforced concrete (RCC) girder super structure for the 

three lanes and skew angles by 0o, 15o, 30o, 45o, and 600 Degree and compare the results to study the 

characteristics of skew deck and also to investigate the skew effect if the bridge is subjected to IRC 6-

2014 Loading. 

The following analysis is going to be made using the software STAAD-PRO. 

1. The effect of torsion moment of inertia in RCC T Girder with different skew angels. 

2. The Effect of torsion moment due to torsion moment and with skew angles. 

3. The effect of Skew angle in RCC girder. 

The torsion moment of inertia is calculated based on the Timoshenko and Goodier. As skew increases 

the longitudinal bending moments are increased and the torsion moments also increased. Torsion moment 

is more at end girders compared to inner girder. For straight girder bridge no torsion moment is observed.  

1 General: 

The continuing expansion of highway network 

throughout the world is largely the result of 

great increase in traffic, population and 

extensive growth of metropolitan urban areas. 

This expansion has lead to many changes in the 

use and development of various kinds of 

bridges. The bridge type is related to providing 

maximum efficiency of use of material and 

construction technique, for particular span, and 

applications. Bridges are structures which are 

provided a passage over a gap without closing 

way beneath. They may be needed for a passage 

of railway, roadway, and footpath and even for 

carriage of fluid, bridge site should be so chosen 

that it gives maximum commercial and social 

benefits, efficiency, effectiveness and equality. 

Bridges are nation's lifelines and backbones in 

the event of war. Bridges symbolize ideals and 

aspirations of humanity. They span barriers that 

divide, bring people, communities and nations 

into closer proximity. They shorten distances, 

speed transportation and facilitate commerce. 

Bridges are symbols of humanity's heroic 

struggle towards mastery of forces of nature and 

these are silent monuments of mankind's 

indomitable will to attain it. Bridge construction 

constitutes an importance element in 

communication and is an important factor in 

progress of civilization, bridges stand as tributes 

to the work of civil engineers. 

1.2.Classification of Bridges:  

According to the inter-span relations as simple, 

continuous or cantilever bridges.  

•Simply supported  
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Generally width of bridge is divided into number 

of individual spans. For each span, the load 

carrying member is simply supported at both 

ends. The plate girder and truss girders are used 

as this type of bridges. They are suitable at 

places where uneven settlements of foundations 

are likely to take place. 

•Continuous  

In continuous bridges spans are continuous over 

two or more supports. They are statically 

indeterminate structures. They are useful when 

uneven settlement of supports does not take 

place. In continuous bridges the bending 

moment anywhere in the span is considerably 

less than that in case of simply supported span. 

Such reduction of bending moment ultimately 

results in the economic section for the bridge. In 

continuous bridges 

the stresses are reduced due to negative 

moments developed at pier or supports. Thus 

continuous span bridges have considerable 

saving compared to simply supported bridge 

construction. Following are the advantages of 

RCC continuous girder bridges over simply 

supported girder bridges. 

As the bearings are placed on the centerline of 

piers, the reactions at piers are transmitted 

centrally.  

It is found that the continuous girder bridge 

suffers less vibration and deflection.  

The continuous girder bridge requires only one 

bearing at each pier as against two bearing for 

simply supported girder bridge.  

The depth of decking at mid span is reduced and 

it may prove to be useful for over bridges where 

headroom is of prime consideration.  

The expansion joints required will be less. 

There is reduction in cost as less quantity of 

concrete and steel are required. 

Following are the disadvantages of RCC 

continuous girder bridges over simply supported 

girder bridges.  

The design is more complicated as it is a 

statically indeterminate structure. 

The detailing and placing of reinforcements are 

to be carried out with extreme care.  

The placing of concrete and removal of 

formwork are to be executed carefully in proper 

sequence.  

According to the form or type of superstructure 

as arch, beam, truss, slab, rigid frame or 

suspension bridges.  

• Girder 

• Arch 

• Suspension  

Suspension bridges are made up of high tensile 

steel cables strung in form of catenaries to which 

the deck is attached by steel suspenders, which 

are mainly made up of steel 

rods/members/cables. The decking can be of 

timber, concrete or steel spanning across the 

stiffening girders transmitting load to the 

suspenders. 

According to the materials of construction 

used for superstructure as cement concrete, pre 

stressed concrete, steel, masonry, iron, timber or 

composite bridges. 

The earliest form of materials used for 

construction of bridges was first stone and later 

brick. The masonry bridges are used for short 

spans and according to availability of material 

and skilled labor. They are mainly of arch type 

of bridges. The next form of construction was 

Timber Bridge in which timber was used for 

spanning the gap and also for supporting the 

beams. Timber bridges are used for short spans, 

light loads and for use as temporary and 

unimportant bridges. With the invention and 

development of concrete, bridges are being built 

entirely with concrete, either reinforced or pre 

stressed or a combination of both for 

superstructure. Many combination of above 

types are also possible. The common examples 

of composite construction are: 

Concrete beams reinforced with steel bars. 

Precast pre stressed concrete girder with cast-in-

situ RCC slab. o Rolled steel joists topped by a 

cast-in-situ RCC slab. 
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Following are the advantages of composite 

bridges. 

It leads to reduction in deflection and vibrations. 

o It leads to speed in construction. 

It proves to be economical. 

It results in better quality control. o The cost of 

formwork is reduced. 

The cost of foundations for abutments is 

reduced. o The cost of transportation is 

minimized. 

The overall depth of beam for a composite 

construction is reduced and it leads to savings in 

lengths of approaches. 

Effect of Skew: 

Skewed bridges are often encountered in 

highway design when the geometry cannot 

accommodate straight bridges. The skew angle 

can be defined as the angle between the normal 

to the centerline of the bridge and the centerline 

of the abutment or pier cap, as described in Fig. 

1.1. Skew bridges have become a necessity due 

to site considerations such as alignment 

constraints, land acquisition problems, etc. The 

presence of skew in a bridge makes the analysis 

and design of bridge decks intricate. For the Slab 

bridge decks with small skew angle, it is 

considered safe to analyze the bridge as a right 

bridge with a span equal to the skew span. 

In non-skewed bridges, the load path is straight 

toward the support (Fig 1a). In skewed bridges, 

the load tends to take a shortest path to the 

nearest support i.e. to the obtuse corners of the 

bridge here the maximum moments occurs at 

obtuse angled corner. 

A bridge is a structure built to span physical 

obstacles such as a body of water, valley, or 

road, for the purpose of providing passage over 

the obstacle. There are many different designs 

that all serve unique purposes and apply to 

different situations. Designs of bridges vary 

depending on the function of the bridge, the 

nature of the terrain where the bridge is 

constructed and anchored, the material used to 

make it, and the funds available to build it. For 

short spans, the simplest form of bridge deck is a 

concrete slab. Girder bridges are widely used 

bridge system for short to medium span (<20m) 

highway bridges due to its moderate self weight, 

structural efficiency, ease of fabrication, low 

maintenance etc. The concept of RCC concrete 

appeared in the year 1888. In this present 

engineering technology 

Durable and sustainable bridges play an 

important role for the socio-economic 

development of the nation. Owners and 

designers have long recognized the low initial 

cost, low maintenance needs and long life 

expectancy of RCC concrete bridges. 

Structure systems adopted are influence by 

factor like economy and complexity in 

construction. The 20 m span as selected for this 

study, these two factor are important aspects. In 

20 m span, codal provision allows as to choose 

i.e. T-Beam Girder. This study investigates these 

two structural systems for span 20 m and detail 

analysis has been carried out with IRC loadings. 

The choice of economical and constructible 

structural system is depending on the result. 

 

2. LITERATURE REVIEW 

 The first bridges were made by nature 

itself — as simple as a log fallen across a stream 

or stones in the river. The first bridges made by 

humans were probably spans of cut wooden logs 

or planks and eventually stones, using a simple 

support and crossbeam arrangement. Some early 

Americans used trees or bamboo poles to cross 

small caverns or wells to get from one place to 

another. A common form of lashing sticks, logs, 

and deciduous branches together involved the 

use of long reeds or other harvested fibers 

woven together to form a connective rope 

capable of binding and holding together the 

materials used in early bridges. 

 The Arkadiko Bridge in Greece (13th 

century BC), one of the oldest arch bridges in 

existence. The Arkadiko Bridge is one of four 

Mycenaean corbel arch bridges part of a former 
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network of roads, designed to accommodate 

chariots, between Tiryns to Epidaurus in the 

Peloponnese, in Greece. Dating to the Greek 

Bronze Age (13th century BC), it is one of the 

oldest arch bridges still in existence and use. 

Several intact arched stone bridges from the 

Hellenistic era can be found in the Peloponnese 

in southern Greece. The greatest bridge builders 

of antiquity were the ancient Romans. The 

Romans built arch bridges and aqueducts that 

could stand in conditions that would damage or 

destroy earlier designs. Some stand today. An 

example is the Alcántara Bridge, built over the 

river Tagus, in Spain. The Romans also used 

cement, which reduced the variation of strength 

found in natural stone. One type of cement, 

called pozzolana, consisted of water, lime, sand, 

and volcanic rock. Brick and mortar bridges 

were built after the Roman era, as the 

technology. for cement was lost then later 

rediscovered. 

 The Arthashastra of Kautilya mentions 

the construction of dams and bridges. A 

Mauryan bridge near Girnar was surveyed by 

James Princep. The bridge was swept away 

during a flood, and later repaired by Puspagupta, 

the chief architect of Emperor Chandragupta I. 

The bridge also fell under the care of the 

YavanaTushaspa, and the Satrap RudraDaman. 

The use of stronger bridges using plaited 

bamboo and iron chain was visible in India by 

about the 4th century. A number of bridges, both 

for military and commercial purposes, were 

constructed by the Mughal administration in 

India. 

 Amit Saxena , Dr. Savita Maru The 

purpose of present study is the design of bridge 

structure for 25 m of span. The most obvious 

choice of this span is T- Beam and Box Girder.  

They have their own characteristics and 

limitations as T-Beam has easy construction 

mythology, whereas Box girder has 

sophisticated and costly formwork. In present 

study a two lane simply supported RCC T- 

Beam Girder and RCC Box Girder Bridge was 

analyze for dead load and IRC moving load. The 

dead load calculation has been done manually 

and for live load linear analysis is done on Staad 

Pro. The goal of study is to determine most 

favorable option from above two. The decisions 

based on obvious element of engineering that are 

safety, serviceability and economy. Following 

these aspect a design for both T-Beam and Box 

Girder has been performed. After calculation 

two basics material consumption steel and 

concrete the most economical has been selected. 

This study is on the basis of moment of 

resistance of section, shear capacity of section 

and cost effective solution from both T-Beam 

and Box Girder Bridge. The study gives the 

solution based on the prevailing rates of 

construction cost to be adopted by design 

Engineer. 

 Omkar Velhal , J.P. Patankar With the 

increasing rate of urbanization and rapid 

infrastructure growth, the need for complex 

transportation systems has also increased. This 

requirement, along with other requirements for 

fixing alignment of the bridges, is mainly 

responsible for provision of increasing number 

of skew bridges. Skew bridges are often 

encountered in highway design where geometry 

cannot accommodate right bridges. In this paper 

behavioural aspects of skew Tbeam bridges are 

studied and compared those with straight bridges 

using Finite Element Analysis software. The 

effect of skew angle is observed on maximum 

bending moment, maximum shear force and 

maximum torsional moment, maximum 

deflection due to dead load and live load at 

critical locations. Live Load “IRC Class AA 

Tracked Vehicle” is applied as per IRC 

6:2000guidelines. This study shows that the 

effect of skew angle on torsional moment of 

longitudinal girder is considerably high so that, 

it is important to consider torsional moment 

while designing skew bridges. 
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current code requirements and common 

practices under bridge design in several 

countries including India, United States and 

European Countries. By comparing code 

philosophy and detailed codified design 

procedures in these countries, similarities and 

differences in various parameters become 

apparent. This thesis discusses the seismic 

design and analysis of bridge structure subjected 

to load with three codes namely: Indian Road 

Congress code, AASHTO LRFD code, and Euro 

Code with observations in Highway loadings of 

Nepal for the typical bridge. The study is 

focused on the loading pattern, design and 

overall analysis of bridge components with the 

three codes. The results discuss the cost 

effectiveness of codes that the number of 

reinforcement bars in the design with same 

dimensions. Required dimensions and 

reinforcements of the bridge are calculated 

depending on the data collected from the typical 

bridge. The maximum values of the design 

parameters are compared in a relative way. 

AASHTO LRFD code gives maximum bending 

moment in girder by 23.2% larger value and 

Eurocode gives 68.5% larger value than IRC 

code. Similarly, in the case of maximum shear 

force, AASHTO LRFD gives 24.8% less and 

Eurocode gives 32.6% larger value than IRC 

code. Eurocodes are made for wide range of 

applicability and coverage so it can be referred 

for the design of bridges in Nepal also. 

Nationally determined parameters can be 

developed further for suit of Nepal also. 

 Mahantesh.S.Kamatagi , Prof. M. 

Manjunath The present paper describes the 

analysis and design of longitudinal girder of the 

T-beam bridge. In this case analysis is done 

using SAP 2000 software. After analysis design 

of the longitudinal girders are done by using 

IRC:21 and IRC:112 codes. The new unified 

concrete code (IRC:112) represents a significant 

difference from the previous Indian practice 

followed through IRC:21 & IRC:18. The code is 

less prescriptive and offer greater choice of 

design and detailing methods with scientific 

reasoning. This paper presents design of T-beam 

longitudinal girder design by both working 

stress method and limit state method and result 

obtained are compared with both methods. 

Tbeam bridge of 18 m span are designed for 

class 70R vehicle. 

 Tewodros Tesfaye In bridge design, 

engineers strive to plan an economical structure 

that will safely transmit loads to the ground 

without collapsing or deforming excessively. 

Since it is difficult to predict the exact loading 

and circumstances that a bridge must withstand, 

all bridge designs include a substantial margin of 

safety. Design standards vary throughout the 

world, but all aim at ensuring that new bridges 

will provide many years of service and will 

maintain an adequate margin of safety against 

failure. Bridge design involves a number of 

design steps which involves tedious calculations 

due to the presence of moving loads and needs 

choice of parameters and decision. So due to the 

complexity and time consumeness of the design 

we will be better off if we use bridge design 

programs to get better and accurate results in a 

short time. But the problem is these programs 

are too expensive to buy and use. Using pyrated 

software’s is illegal and immoral. And also 

using excel written programs has its own 

problems. This project appreciates the 

application of homemade (self made) programs 

to make life easy and give a highlight on the 

procedure behind commercial software’s. This 

thesis is concerned with developing Software for 

design of slab and T-girder reinforced concrete 

bridges. The software is produced using Visual 

basic 6.0. The design is based on the standards 

on ERA 2002 Bridge design manual. The 

program analyzes and designs only Simple span 

slab and girder bridges and outputs in different 

forms are available. The user manual and the 

video tutorials will show how to use the 

software simply. Finally, conclusions and 
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recommendations are made based on the 

produced software. 

 Khaled M. Sennah & John B. Kennedy 

performed (1) elastic analysis and (2) 

experimental studies on the elastic response of 

box girder bridges. In elastic analysis they 

represent the orthotropic plate theory method, 

grillage analogy method, folded plate method, 

finite element method, thin-walled curved beam 

theory etc. The curvilinear nature of box girder 

bridges along with their complex deformation 

patterns and stress fields have led designers to 

adopt approximate and conservative methods for 

their analysis and design. Recent literature on 

traight and curved box girder bridges has dealt 

with analytical formulations to better understand 

the behavior of these complex structural 

systems. Few authors have undertaken 

experimental studies to investigate the accuracy 

of existing method. 

 Kenneth W. Shushkewich performed 

approximate Analysis of Concrete Box Girder 

Bridges. The actual three dimensional behavior 

of a box girder bridges as predicted by a folded 

plate, finite strip or finite element analysis can 

be approximated by using some simple 

membrane equations in conjunction with plane 

frame analysis. This is a useful method since 

virtually all structural engineers have access to a 

plane frame computer program, while many 

have neither the access nor the inclination to use 

more sophisticated programs. In particular, the 

method allows the reinforcing and prestressing 

to be proportioned for transverse flexure, as well 

as the stirrups to be proportioned for 

longitudinal shear and torsion in single celled 

precast concrete segmental box girder bridges. 

The author considers the following points for 

explanations: (1) the webs may be inclined or 

vertical. (2) Self-weight, uniform load, and load 

over the webs may be considered with respect to 

transverse flexure. (3) Both symmetrical 

(flexural) and anti-symmetrical (torsional) loads 

may be considered with respect to longitudinal 

shear and torsion. This paper is particularly 

useful in the design of single celled precast 

concrete segmental box girder bridges without 

considering the effect shear leg and warping 

torsion. 

 Y. K. Cheung et al. discussed on curved 

Box Girder bridges based on the curvilinear 

coordinate system, the spline finite strip method 

is extended to elasto-static analysis. As the 

curvature effect cannot be ignored, the webs of 

the bridges have to be treated as thin shells and 

the flanges as flat curved plates. The shape 

functions for the description of displacement 

field (radial, tangential, and vertical) are given 

as product of B-3 spline functions in the 

longitudinal direction and piece-wise 

polynomials in the other directions. The stress-

strain matrices can then be formed as in the 

standard finite element method. Compared to the 

finite element method, this method yields 

considerable saving in both computer time and 

effort, since only a small number of unknowns 

are generally required in the analysis. 

 Ayman M. Okeil & Sherif El Tawil 

carried out detailed investigation of warping-

related stresses in 18 composite steel-concrete 

box girder bridges. The bridge designs were 

adapted from blueprints of existing bridges in 

the state of Florida and encompass a wide range 

of parameters including horizontal curvature, 

cross-sectional properties, and number of spans. 

The bridges after which the analysis prototypes 

are modeled were designed by different firms 

and constructed at different times and are 

considered to be representative of current design 

practice. Forces are evaluated from analyses that 

account for the construction sequence and the 

effect of warping. Loading is considered 

following the 1998 AASHTO-LRFD provisions. 

Differences between stresses obtained taking 

warping into account and those calculated by 

ignoring warping are used to evaluate the effect 

of warping. Analysis results show that warping 
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has little effect on both shear and normal 

stresses in all bridges. 

 Babu Kurian & Devdas Menon 

performed an estimation of Collapse Load of 

Single-cell Concrete Box- Girder Bridges. The 

simplified equations available at present to 

predict the collapse loads of single-cell concrete 

box girder bridges with simply supported ends 

are based on either space truss analogy or 

collapse mechanisms. Experimental studies 

carried out by the various researchers revealed 

that, of the two formulations available to predict 

the collapse load, the one based on collapse 

mechanisms is found to be more versatile and 

better suited to box sections. Under a pure 

bending collapse mechanism, existing 

formulation is found to predict collapse load 

with higher accuracy. However, in the presence 

of crosssectional distortion, there are significant 

errors in the existing theoretical formulation. 

This paper attempts to resolve this problem, by 

proposing a modification to the existing theory, 

incorporating an empirical expression to assess 

the extent of corner plastic hinge formation, 

under distortion-bending collapse mechanism. 

3. METHODOLOGY 

3.1 Description of the Structure 

The design of the super structure done for the 2 

lane loading with footpath & 3 lane loading 

without footpath loading, critical design values 

are considered. 

3.1.1 Geometry  

a)Carriageway Width 11.0m 

b)Overall width 16 m 

c)Width of Crash Barrier 0.50m 

d)Cross slope 2.50% 

e)Thickness of wearing course 65mm (40mm 

Asphalt wearing with  topping of  25mm  mastic 

asphalt). 

f)C/C of the Girder 3.25m 

g)Dist. between C/L of EJ to C/L of Bearing

 0.5m 

h)Width of Footway 1.5m 

i)Width of RCC Kerb & Railing 0.5m 

3.2 Design Standards  

3.2.1Codes & Standards  

The design of various components of the 

structure, in general are based on provisions of 

IRC/IS Codes. Wherever IRC code is silent, 

reference is made to other Indian/International 

codes and standards. The list of IRC Codes 

(latest revisions) given below will serve as a 

guide for the design of structures.  

IRC: 5-1998 Standard Specifications and Code 

of Practice for Road Bridges, Section I – 

General Features of Design.  

IRC: 6-2014 Standard Specifications and Code 

of Practice for Road Bridges, Section-II – Loads 

and Stresses. 

IRC: 112-2011 Standard Specifications and 

Code of Practice for Concrete Road Bridges. 

IRC: 22-1986 Standard Specifications and Code 

of Practice for Road Bridges, Section-VI – 

CompositeConstruction 

3.3Loading  

3.3.1Dead Load (DL)  

Unit weight for Dead loads calculation shall be 

considered as per IRC: 6-2014. 

3.3.2Super Imposed Dead Load (SIDL)  

Unit weight for superimposed dead load shall be 

in conformity with IRC:6-2014. For calculating 

the dead weight due to wearing coat, thickness 

of 100mm shall be taken considering future 

overlay.  

3.3.3Carriageway and Footpath Live Load (LL)  

•1 Lane of Class 70R/ 2 lane of Class A  

•3 Lanes of Class A/1 lane of 70R in 

combination with 1 lane of class A on third lane  

Conforming to IRC 6-2014 shall be considered 

in analysis and whichever producing severe 

effect shall be considered in design. Reduction 

in longitudinal effect for three lane loading shall 

be considered as per clause 208 of IRC: 6. 

Pedestrian live load in conformity with clause 

209.4 shall be considered over the footpath. 

3.3.4 Temperature loading (Temperature 

Gradient)  
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The Climatic Condition is assumed to be 

“Moderate”. The temperature variation of +/- 15 

Deg. shall be considered. The temperature 

gradient to be considered is shown below: 

Coefficient of thermal expansion 12.0x10-6/C as 

per IRC: 6-2014. 

Poisson’s Ratio = 0.2 Modulus of Elasticity as 

per Table 8 of IRC: 112-2011. 

3.3.5Differential Shrinkage and Creep  

For differential shrinkage and creep stress 

calculations the following parameters shall be 

considered (As per Explanatory Hand Book to 

BS 5400 By L.A.Clark) :  

•Diffrential shrinkage strain = 1.00E-04 ; Creep 

Factor = 0.43  

3.4Structural Analysis  

3.4.1Method of Analysis for longitudinal 

Girders  

The analysis of the T-Girder for longitudinal 

flexure shall be carried out using Grillage model 

on STAAD Pro on the following basis:  

•It is proposed to have 4 nos of straight 

longitudinal beams at 3.0m centre to centre with 

1.5m cantilever projection on either side.  

•Grillage model has been generated with 

longitudinal members along the C/L of the l-

Girder and with dummy members in between the 

longitudinal girders and along the outer edges. 

Suitable transverse members along the cross 

beams have also been provided.  

•Moment and shear force will be calculated 

separately for inner & outer girders by keeping 

the loading with minimum eccentricity to crash 

barrier.  

•For the design of the longitudinal Girders 

stresses and moments shall be determined at End 

of solid section, End of tapering section and at 

an every interval of L/8.  

•Transverse members of the grillage other than 

the Cross-diaphragm shall be modelled as slab 

elements.  

3.4.2Method of Analysis for Cross Diaphrgm  

The analysis of the Cross Diaphragm shall be 

carried out using Grillage model on STAAD Pro 

on the following basis:  

•The end cross Diaphragm shall be designed 

both as a continuous beam supported on the 

longitudinal girders and for the jack up 

condition.  

3.4.3 Section properties  

•The effective flange width calculation for 

determination of sectional properties for the 

longitudinal girders and cross diaphragm shall 

be done in accordance with IRC: 112-2011.  

•The longitudinal members shall have negligible 

torsion carrying capacity (i.e. we assign very 

small torsional moment of inertia for the 

members).  

3.4.4 Method of analysis for deck slab  

The deck slab shall be designed as a continuous 

one-way slab supported on the longitudinal 

girders with cantilever overhang beyond the 

girders. Live load effects shall be taken based on 

effective width method.  

3.5.Concrete Grades and Reinforcements  

M-35 Grade of conceret for Precast girder and 

Cross beam , M-35 Grade of concrete for Deck 

slab, M-35 Grade of concrete for Crash Barrier 

and M30 in RCC Kerb shall be used. 

Untensioned steel shall be of Grade S500 

conforming to IS: 1786 shall be provided. For 

prestressing 19T15 cables conforming to Class 2 

of IS: 14268 (Low relaxation strands) with un 

coated galvanized sheathing shall be used. 

The minimum cover to reinforcement shall be 

determined from the recommendations of IRC: 

112 taking into account the moderate 

environmental conditions. Following clear cover 

shall be adopted for various components: 

Element Clear Cover to reinforcement 

RCC Superstructure 50mm 

Crash Barrier 40mm4.MODELING AND 

ANALYSIS OF RCC GIRDER  

4.1Grillage Analysis:  

The majority of highway bridges are beam 

structures, either single spans or continuous 
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spans, and composite bridges are of either multi-

girder or ladder deck form. Determining the 

principal effects of the various loading 

combinations can often be achieved with a 2-

dimensional analytical model but for a more 

comprehensive analysis a 3-dimensional model 

is needed. 

The grillage model is a common form of 

analysis model for composite bridge decks. Its 

key features are: 

• It is a 2D model  

• Structural behaviour is linear elastic  

• Beam members are laid out in a grid 

pattern in single plane, rigidly connected 

at nodes  

• Longitudinal members represent 

composite sections (i.e. main girders 

with associated slab)  

Transverse members represent the slab only, or 

composite section where transverse steel beams 

are present  

The following guidance is offered for choosing 

the grillage layout: 

• Keep grid dimensions approximately 

square  

• Use even number of grid spacings  

• Grid spacing not more than span/8  

• Edge members along line of parapet to 

facilitate load application  

• Insert additional joints for splice 

positions (usually assumed to be 25% of 

span from piers)  

The grillage is the commonly used model for 

bridge decks and it is relatively easy to use. 

However, a finite element model is quite likely 

to still be required as well for elastic critical 

buckling analysis of the steel girders supporting 

wet concrete loading. Consequently, a finite 

element model could be considered for all 

analysis, which would also have the possible 

advantage of better modelling of structural 

response. However, there are many 

disadvantages of this approach at present and 

many designers use a grillage for the main 

analysis and only use a finite element model 

where absolutely necessary. 

In this present study the grillage model of RCC I 

Girder models are done for 20m span with 

square and skew 15o, 30o ,45o, 60o Degree 

using STAAD.Pro. 

 
Fig.4.1 Grillage Analysis model of 20m Span 

RCC T Girder with 00 Skew 

 

 
Fig.4.2 Grillage Analysis model of 20m Span 

RCC T Girder with 150 Skew 
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4.5 TORTION MOMENT OF INERTIA 

 

Due to its shape, I beam has high moment of 

inertia and stiffness which makes it resistant to 

bending moments. The web provides resistance 

against shear forces. These beams are not 

resistant to tensional loading (twisting) and they 

shall not used in the cases where torsion is 

dominant. 

Clause 95:   Theory of Elasticity by Timoshenko 

andGoodier. 
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5. ANALYSIS RESULTS 
 
5.1Bending Moment & Shear Force Results: 

From the analysis of grillage model the bending 

moment and shear force results for different 

girders are given in following table. We consider 

the maximum bending moment for internal and 

external girders. 

 

 

 
 

 
 

 

6.CONCLUSION •Torsion moment of inertia 

effect on the RCC I-girder bridge with different 

skew angels i.e. 0o, 15o, 30o, 45o, and 60o were 

studied in this research.  

•Torsion moment of inertia is calculated based 

on Timoshenko and Goodier as described in 

chapter 4.  

•All the properties of girder sections are inserted 

in the grillage model.  

•Bending moment, shear force and torsion 

moments are getting from the STAAD grillage 

analysis results.  

•As skew increases the longitudinal bending 

moments are increased and the torsion moments 

also increased.  

•The results tables show that bending moment , 

shear force and torsion moment at different 

sections of each girder.  

•Torsion moment is more at end girders 

compared to inner girder.  

•For straight girder bridge no torsion moment is 

observed.  

•Hence it is concluded that, without torsion 

moment of inertia property there is no torsion 

moment is occurred.  

•As skew changes the center of gravity of bridge 

also changes so maximum moment does not 

occurs at center of the girder for skew brides. 
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