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ABSTRACT

The National Road network of Sri Lanka consists of 4326 bridges. There are 365 bridges which
have the length more than 30m .Only 800 bridges are made of prestressed concrete
superstructures and all others are with reinforced concrete, steel and arches.

The most popular types of prestressed beams used in Sri Lanka are inverted T, M, |, and the box beams.
The inverted T and M beams are widely used. Further, for 30m span simply supported bridges, space
rectangular box beams and spaced trapezoidal box beams were used. For the continuous bridges big
spine beams also have been used with post tension pre-stressing system in recent bridge constructions.

For longer span bridges, box beams are highly suitable. Generally box beam has higher torsional
capacity because of its closed geometry. The enhanced torsional stiffness of the box beam
sections improves the load distribution properties for the superstructure. It has higher bending
carrying capacity and requires reduced beam height compared to other beam section for a
particular span. Hollow spaces in box beams can be used for services and it is also aesthetic.

In Sri Lanka 19% of the existing bridges are with prestressed concrete and presently many
highway projects are under construction. Therefore, the usage of box beams will improve the
effect on the time of_construction, cost, construction easiness,. aesthetic considerations and
utility services. There'aredifferent types of box beams available that can be used for this simply
supported span range. They are standard box beam, standard U beam and spaced box beams.
The rectangular spaced box beam has been used for a two lane bridge in a 30m simply
supported span and the trapezoidai spaced box beam has been used for a four lane elevated
flyover in Sri Lanka. Comparative analysis and design on all these box beams are useful for
future bridge constructions.

This research is concentrated on the design of 30m simply supported four lane bridge super
structures using the above different types of prestressed box beams separately. The results of
analysis and design and the properties of the beams are compared. "

The total width of the designed bridges is 17.4m. It has a central reserve of 1.2m. There are four
lanes, each lane is 3.5m width. There are two pedestrian walk ways of 1.1m width.

All the bridge decks were modeled in SAP 2000 for the grillage analysis. Loading was done
according to BS 5400: Part 2, 1978, and bending moments, shear forces and torsional moments
were found for critical load combination. Prestressing designs were carried out for all beams -
and the final results are compared. Cost for each deck also compared.The different launching
methods adapted for these Bridges are also compared. Conclusions and recommendations are
laid down based on these compared results.




ACKNOWLEDGEMENTS

I am most grateful to Prof. M.T.R. Jayasinghe for his dedication and commitment throughout
the research work as my supervisor. He gave me good guidance and constructive criticism to
complete my project successfully. | am also grateful to the course coordinator Mrs.
Nanayakkara and the research coordinator Dr. K. Baskaran.

I wish to thank the Vice Chancellor, Dean of the faculty of Engineering and the Head of the
Department of Civil Engineering of the University of Moratuwa for allowing me to make use of
the facilities available at the University.

I am also wish to thank all the lectures of the post graduate course on Structural Engineering
Design for their valuable efforts in the lecture series and for giving guidance and
encouragement to get success in my professional career.

| am also thankful to the Director General and Director Training of Road Development Authority
for sponsoring me for this postgraduate study. | am particularly indebted to thank to my
superiors, Director Engineering Services RDA, Mr, D.K.R. Swarna and the Deputy Director for
nominating me for the course and providing office facilities to complete this study. My thanks
are also due to many bridge engineers in Sri-Lanka with whom-l-have had discussion during my
task, specialy to Mr.D.S:Danthanarayana

Finally | would like to thank to my family members for their kind support extended to me.

M.A.R.M.Abdul Jabbar,

Road Development Authority



CONTENTS

ADSTIACT... o eiiireiriie e eiesie st eaer e see s e e ste e ao e ea b as et et e s aeeoe sh e e s ee b retor SR e s bbb b e e bR e R R R s St eas S i
ACKNOWIEAZEMENT ...ttt s st s b b st s b s s R bbb s b sha bbb ii
000 1] (=] ] &3ROS OO T SO OO TSRO UOTP OO iii
NOTALIONS...ecuteiteierieetecieete ettt se e s rr e st se et en e te e saeess seear et eas S obbab b aa e e b b e R b e R e R be sheoaesbssns st seb st ashaoraorbabRnes vii
LIST OF TADIES......oe ettt s e s s eb e e ses b b e sea et e Rt R ea s sab s bt e aae e s hn s ix
LISt OF FIGUIES..c.euvitiieiiire sttt ettt s b s b bt s h s sa bbb sae bbb e b e s sen s ebesarsans X
Chapterl INEFOAUCTION. c.ct ittt s st eu e e e csr s bt sbe st s bbb es b eb s eb bt E b et manarssbes 1
1.1 General INErOQUCTION........c.cvreeeicrce et e et s s eress e sa s es b s bbb sana b enens 1
1.2 THE ODJECLIVES ...ttt et ittt sr e srs bbb b s b es s sas b ebaae s s beren e s 2
1.3 The MELhOAOIOY....cceiiiiceee i s e eer s s st st ses e ea b ss b bbb ob e e e sra o b s saes 2
1.4. The main fiadings of the'groject. QL. MOLAlLIND.. 5L LAl D e 3
1.5. The arrangément Of the thESiS.. ...t e sasast s ser e snssasans 3
Chapter2 LItErature reVIBW.......ccvvieie e ireeeieces ettt et r e sttt e s b sbssassss e s n s ae s sunens 4
2 R 1Y (o Yo [V T (1o TOS OO PO ORI O RO 4
2.2 Standard beam sections.......c.ccoecviiiviiiinininni ereeerreere et et e naeseennentbasraes 4
2.2.1  INVEITEA T SECLION... .ottt et et ces e e ees e e bt st b b sh st et eonaseb s abbensnenen 4
2.2.2 M DEAM SECHION... ...ttt sttt st bt s bs e b ss s sas b s bsn s sh s ensenan 4
2.2.3 U DAM SECHION.....eciieeeeeeiee ettt ctieres e e saess sresesasnens sas bbb s e sb s sen e sue st nasebasssan s 5
2.2.4 BOXDEAM SECLION ooerieeeiee ittt sr s e b aeb s e b 6
2.2.5  1- DM SECHON. ... ettt ettt et et sb st s s b s e e e e s bR R s R b st s s 7
2.3 Spaced bOX DEAM SECHIONS. .........cc.iveervreee i cenerreersse s eeseisees e eesesess st sssss s sasssns s ses 7
2.3.1 Rectangular spaced box beam section ..., 7



2.3.2 Trapezoidal spaced box beam Section ... -
2.4 Spine bOX DEAM SECHIONS.....ccuiciciirticci et e e 11

2.4.1 Selection of the smallest practically possible cross section for spine beam

1. Overall depth of the section .......... ettt eteseate e et aart et eeteeraanesesheeteane b e sent e erasees 11
2. The width of the top flange ........ccccorinicinninisrn e 12
3. WD SPACING....ecvr ettt ettt s s e s e er s s et s sn e e a s 12
4. Cantilever OVEINANE ....cccvevirerereeseenerst st i e st et st bbb 12
5. The thickness of the top flange..........ccoieirri e s 12
6. The thickness of the WED ...t s 13
7. The width of the bottom flange...........ccueeeieereniee e 13
8. The thickess of the bottom flange...........cccocevvmiinnniiininiin i 13
2.4.2 Brief int_u_'bduction omspinebeams'bridges availablelin Srillanka
1. Brid-g'i_é:at Mannampitiyé across Mahaveli FIVET ..........cceeveeevrveeressesseseessseessrens 14
2. Sri Lénka Japan friendship bridge at Peliyagoda across Kelani ........................ 14
3. Bridge at southern highway across Kaluganga ...........cccomeiininiencinineinennns 16
Bridge deck modeling, analysis and prestressed design
3.1 Beam SeCtioN SEIECHIONS.......cccoeeecmcieniiint ittt s bt st sr e st aas s sn e nes 17
1. Standard box beam SECHION........cccvvirreirciiiini et st 17
2. Standard U beam SECHON.......c.covimviiiiniit st s 17
3. Spaced rectangular box beam SeCtion ... 17
4. Spaced trapezoidal box beam Section ... 18
3.2. Specimen calculations for grillage modeling and bridge loadings..........ccccccoueeneceece. 19
3.2.1 Grillage modeling parameters........c it s s s 20



1. Longitudinal composite intermediate beam element .......................................20

2. Torsion constant for intermediate beam- C......cccveverrcciii e 20
3. Longitudinal composite edge beam element ... 21
4. Torsion constant for edge beam —C..........ccccvcicciinniiniinniniin e 22

5. Transverse slab elements
1. Edge slab Deami........ccooieciiiiiiiiic e 23
2. Forintermediate slab DeamS.... ... ieeiiieeceeie v e creteeersrenresrerrseseenee s e 24

3.2.2. Loadings

L. HA LOGAINGS. ... oeerireeeerrerire s st sstes e ens st st sbe s st e sr et s s b sanbab s ssesnsasanansn s 24
2. PedesStrian l0a.......ccovieiieeecceierieerensrecsrnreste et ee e sas s s srr e a e s e n s 24
3. HB LOBAING..citeiiereeree et reriensrereest et e crestisssssss st bsr s sas sbeses st s e saabaessen s anaanaseauas annens 25
4. Dea.d oads Electromic. LRCsCs. &0 LISSCITAIONS. oo, 25
S. Superimposed dead l0ads ... e e 25

3.2.3. Load combinations

1. COMDBINALIONZ ..ottt sr e s s ser e s e s st bbb e sro s bt enes 27

2. COMDBINGLIONA...... oot rsr et e ste st s st asa s sae e s e b s ea b s e st ab daba st sbe s 27

3. COMDBINATIONS. ..ottt ettt s ea b sre b s s s e s e s s s e s e en b ens 27

4. Combination for Maximum Shear..........cciiiiniiinnin e e 27

5. ENVEIOPES ...ttt st s s sb b s s r b e s b ea e sha s s en s 27

3.3. Bending moments, shear forces and torsion moments ... 28
Chapter4 Results and launching Methods..........ccccoeevciriinin s 32
B RESUIS...ciiveiveereirevreinerereenreeesesseer e ba st tsest st sre shs s bt s eabab b anen son bR obs shsnssnsner eabastannnseneaes 32



4.2 Launching Methods..... ... e 46
4.2.2 Spaced trapezoidal box beam deck ..........ccocociriiiennniiin 46
4.2.2 Spaced rectangular box beam deck ... 49
Chapter 5 Conclusion anNd FULUIE WOTK.........cceerirrinerrcrreciee e e e e sasssssessssenses 50
RETEIEINCES ....vovveviviictenrerer et eeee e tee s sassresesb st e s st ses st ase st sastetass sheaeasaeeubeseseeseneshesar b st aet eussbeberssssssonss 52

Appendix1l Pre-stress design calculation for spaced rectangular box beam deck
Appendix2 Pre-stress design calculation for standard U beam deck

Appendix3 Pre-stress design calculation for standard box beam deck

vi



NOTATIONS

feu - characteristic compressive strength of concrete

fy - characteristic tensile strength steel

fei - compressive strength of concrete at transfer

Veo - shear capacity of section uncracked in flexure

Ver - shear capacity of section cracked in flexure

feo - compressive stress of the centroidal axis due to prestress
b - breadth of the section

d - effective depth

h - height of the section

- second moment of area of the section
- second moment area of the transformed section

X - neutral axis depth
fob - tensile strength in tendon at failure
) - product of y and yg,
- partial safety factor for strength
Z - sectional modulus of the beam with respect to top fiber
Zy - sectional modulus of the beam with respect to bottom fiber
M; - bending moment due to imposed load
Minsitu - bending moment due to linsiturconcrete
e - egcentricity|of-the tendon
r - ragdids of gyration
y - distance measured from the centroidal axis x - x
My - bending moment due to dead load
fy - allowable concrete tensile stress at transfer
fe - allowable concrete compressive stress at transfer
f, - allowable tensile stress in concrete under service condition
f - allowable compressive stress in concrete under service condition
A - cross sectional area
a - short term prestress loss factor
B - long term prestress loss factor
P; - initial prestressing force
Pe - effective prestressing force
Ec - Young's modulus of concrete
Es - Young's modulus of steel
n, Qe - modular ratio
bmax - maximum dimension of the section
c - torsional constant of the section
Yt - distance from the centroidal axis to top extreme fiber
Yb - distance from the centroidal axis to bottom extreme fiber
Ot - stress at top extreme fiber

Oc - stress at bottom extreme fiber
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characteristic tensile strength of tendon

effective span of the beam

distance measures from the end of the beam

coefficient of unintentional effect

internal curvature of the tendon

concrete stress at the point of centroid of the cable

lossed prestress force

ultimate compressive strain in concrete

strain in tendon steel prestressive force

tensile strain in concrete at the failure of the section

lever arm

tensile stress in the tendon at failure

link spacing

area of tension reinforcement

area of two legs of link

moment capacity of the section

uitimate moment applied

shear stress in concrete

compressive stress in concrete at centric

shear force

bending moment

Valle 'of Max Rivic

torsional stress

deflection of the beam

constant depending on the concrete bond across shear plane under
consideration

constant depending on shape of the bending moment diagram
half side length of the end block

half side length of the loaded area

bursting tensile force in concrete

distance to the point crack considered to the surface of the nearest bar
nominal cover to the outermost reinforcement

depth of the concrete in compression

distance from the compression face to the point at which the crack width is being
calculated

SLS moment due to permanent load

SLS moment due to live load

strain in the tension reinforcement, ignoring the stiffening effect
strain in concert at the level where cracking is being considered, ignoring the
stiffening effect
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