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BASIC CONCRETE BRIDGE TYPES

In several thousand years since we started
building bridges, we have built only

FOUR TYPES OF BRIDGES

Girder bridges
Arch bridges
Suspension bridges
Cable-stayed bridges
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BASIC BRIDGE TYPES

Today’s bridges

more sophisticated,
bigger, stronger, and
more durable

’
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WHAT ENGINEERS MAY BE USED TO
WORKING WITH

Building Code Reguirements
for Structural Concrete
(ACI 318-19)

Commentary on

Building Code Requirements
far Structural Concrete

{AC] 318R-19)

02/23/2022 URP | RAJUK | S-8 COMPONENT



BRIDGE DESIGN CODES

BNBC is only applicable to building design.
ACI 318 Code is also applicable to building design.

There is currently no dedicated bridge design,
construction or evaluation code in Bangladesh.

However, it is customary in Bangladesh to use the
following codes:

— AASHTO LRFD Specifications for Bridge Design (2017, U.S.
units)

— AASHRO LRFD Specifications for Bridge Design (2007, Sl
units)
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AASHTO LRFD BRIDGE DESIGN
Specifications
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AASHTO LRFD Bridge
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& American Association of State Highway
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Preliminary Bridge Design

» Preliminary design is the first step in designing an
economical bridge.
»AASHTO does not provide any such guidelines.

So, we shall look at other sources.
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“Concept of Structures” by Man-Chung Tang,, 2003
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混凝土連續剛構

跨度
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FREEWAY CONSTRUCTION

China vs. USA
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				US-Interstate Freeway vs. Chinese Freway Construction

				Year US		Miles		Km		Years		Km Sum-US		Km Sum - PRC		Year-PRC

										af.Start

				1956		0		0		0		0		0		1987

				1957		737		737		1		1179		19		1988

				1958		987		1724		2		2758		271		1989

				1959		2316		4040		3		6464		522		1990

				1960		2402		6442		4		10307		574		1991

				1961		3017		9459		5		15134		652		1992

				1962		1992		11451		6		18322		1145		1993

				1963		2216		13667		7		21867		1603		1994

				1964		2505		16172		8		25875		2141		1995

				1965		1199		17371		9		27794		3422		1996

				1966		2291		19662		10		31459		4771		1997

				1967		2166		21828		11		34925		8733		1998

				1968		1962		23790		12		38064		11605		1999

				1969		2034		25824		13		41318		16285		2000

				1970		1905		27729		14		44366		19437		2001

				1971		1445		29174		15		46678		25130		2002

				1972		1405		30579		16		48926		29745		2003

				1973		1067		31646		17		50634		34288		2004

				1974		1120		32766		18		52426				2005

				1975		812		33578		19		53725		42000		2006

				1976		790		34368		20		54989				2007

				1977		725		35093		21		56149				2008

				1978		505		35598		22		56957				2009

				1979		365		35963		23		57541		65000		2010

				1980		475		36438		24		58301				2011

				1981		382		36820		25		58912				2012

				1982		235		37055		26		59288				2013

				1983		114		37169		27		59470				2014

				1984		346		37515		28		60024				2015

				1985		159		37674		29		60278				2016

				1986		173		37847		30		60555				2017

				1987		198		38045		31		60872				2018

				1988		145		38190		32		61104				2019

				1989		432		38622		33		61795		85000		2020

				1990		96		38718		34		61949				2021

				1991		65		38783		35		62053				2022

				1992		95		38878		36		62205				2023

				1993		50		38928		37		62285				2024

				1994		8		38936		38		62298				2025

				1995		15		38951		39		62322				2026

				1996		11		38962		40		62339				2027

				1997		12		38974		41		62358				2028

																2029

																2030
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All Existing U.S. Bridges
NBI Data, 2018
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		1999 NBI Data

		Max Span (ft)		% Bridges		# Bridges

		<50		58.0%		275,076

		50-99		31.2%		148,023

		100-149		8.4%		39,732

		150-199		1.5%		7,217

		200-249		0.5%		2,422

		>=250		0.4%		2,064

		Grand Total				474,534
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Bridges Built, 2018 NBI Data
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Pivot Table

																						1,2=RC  3,4=Steel   5,6=PS

		Count of YearBuilt		MainStructureType,KindOfMaterial/Design

		YearBuilt		0		1		2		3		4		5		6		7		8		9		(blank)		Grand Total

		1950		11		1771		570		4439		728		223		6		1601		16		2				9367

		1951		1		788		332		1236		386		50		7		368		2						3170

		1952		1		955		478		1452		458		95		12		579								4030

		1953		3		1063		617		1414		475		86		9		451								4118

		1954		6		1290		587		1783		1053		185		15		494		2		1				5416

		1955		2		1672		679		2515		886		256		19		773		7				2		6811

		1956		8		1467		742		2032		924		463		20		476		1		1		2		6136

		1957		2		1617		916		1930		749		554		25		471		1				3		6268

		1958		3		1842		1316		2105		983		1232		74		565		2				1		8123

		1959		2		1727		1472		1781		1170		1200		62		392						3		7809

		1960		2		2593		1553		3766		1360		1738		78		1460				2		2		12554

		1961		2		1429		1179		2049		1055		1453		58		372				1				7598

		1962		1		1730		1358		2061		1202		1534		53		393						3		8335

		1963		2		1484		1366		2350		1434		1797		72		385		1		2		1		8894

		1964		4		1443		1500		2236		1447		1763		103		382								8878

		1965		3		2013		1725		3102		1532		2424		179		1038		1		3		2		12022

		1966		1		1203		1466		1884		1426		1973		179		384		1		1				8518

		1967		2		1296		1601		1810		1448		1980		201		412				1				8751

		1968		4		1289		1382		1940		1561		2081		292		503						2		9054

		1969				1131		1067		1570		1525		1916		233		337		1						7780

		1970		6		1852		1167		2658		1373		2693		318		971				3		2		11043

		1971				942		888		1511		1215		1975		350		256				2				7139

		1972		2		1024		772		1539		1198		2137		385		332				2		1		7392

		1973		3		888		670		1457		1057		2134		331		314				1				6855

		1974		1		1067		591		1374		1056		2028		368		331				3				6819

		1975		2		1336		676		1654		929		2463		424		636				7		2		8129

		1976				912		618		1301		912		2129		356		315				10		3		6556

		1977				854		510		1050		733		1963		308		334				6				5758

		1978				960		483		1051		639		2192		367		450		1		2		2		6147

		1979		1		764		479		937		644		1961		369		378		1		2		3		5539

		1980		5		964		453		1209		683		2195		359		374				6		1		6249

		1981				728		462		997		602		1988		341		233				1		1		5353

		1982				713		428		995		505		2043		325		266				4		1		5280

		1983		3		799		493		941		512		2262		414		257				1		1		5683

		1984				918		477		979		519		2480		495		301				3		2		6174

		1985		2		842		570		1040		580		2545		555		354				3				6491

		1986		3		885		514		1052		518		2375		538		304				4		3		6196

		1987		1		733		546		1164		557		2616		491		347				4		1		6460

		1988		4		777		527		1171		604		2649		626		333				4		3		6698

		1989		18		742		499		1173		622		2526		541		339				4		5		6469

		1990		1		961		496		1281		647		2684		560		382				2		14		7028

		1991		11		912		439		1307		551		2618		627		375						6		6846

		1992		4		814		506		1120		497		2499		695		326				4		11		6476

		1993		18		814		419		1015		470		2495		664		355				4		4		6258

		1994		9		781		513		1039		503		2391		597		250				1		8		6092

		1995		18		792		491		1067		477		2278		580		250				2		11		5966

		1996		8		884		493		1088		438		2307		698		185				4		9		6114

		1997		17		921		439		1057		474		2405		603		241				2		4		6163

		1998		27		859		393		966		441		2248		520		160				3		2		5619

		1999		10		937		399		998		447		2229		569		147				2		6		5744

		2000		16		775		400		995		384		2059		678		113				2		6		5428

		2001		10		762		358		936		444		1800		477		112				2		12		4913

		2002		7		498		231		584		326		1224		354		53				1		7		3285

		2003				21		19		41		22		72		59		3						2		239

		Grand Total		267		59234		39325		82202		43381		97666		17639		22213		37		115		154		362233





Extracted Data

		

		Count of YearBuilt		MainStructureType,KindOfMaterial/Design																																3-Year Averages

		YearBuilt		0		1		2		3		4		5		6		7		8		9		(blank)		Grand Total		Year Built		Steel		RC Concrete		PS Concrete		Year Built		Steel		RC Concrete		PS Concrete

		1950		11		1771		570		4439		728		223		6		1601		16		2				9367		1950		55.2%		25.0%		2.4%		1950		53.2%		30.2%		2.1%

		1951		1		788		332		1236		386		50		7		368		2						3170		1951		51.2%		35.3%		1.8%		1951		51.2%		32.0%		2.3%

		1952		1		955		478		1452		458		95		12		579								4030		1952		47.4%		35.6%		2.7%		1952		48.1%		37.2%		2.3%

		1953		3		1063		617		1414		475		86		9		451								4118		1953		45.9%		40.8%		2.3%		1953		48.5%		37.0%		2.9%

		1954		6		1290		587		1783		1053		185		15		494		2		1				5416		1954		52.4%		34.7%		3.7%		1954		49.4%		36.7%		3.3%

		1955		2		1672		679		2515		886		256		19		773		7				2		6811		1955		49.9%		34.5%		4.0%		1955		50.2%		35.1%		5.2%

		1956		8		1467		742		2032		924		463		20		476		1		1		2		6136		1956		48.2%		36.0%		7.9%		1956		46.9%		37.0%		7.0%

		1957		2		1617		916		1930		749		554		25		471		1				3		6268		1957		42.7%		40.4%		9.2%		1957		43.0%		38.4%		11.1%

		1958		3		1842		1316		2105		983		1232		74		565		2				1		8123		1958		38.0%		38.9%		16.1%		1958		39.5%		40.1%		13.8%

		1959		2		1727		1472		1781		1170		1200		62		392						3		7809		1959		37.8%		41.0%		16.2%		1959		38.9%		37.6%		15.6%

		1960		2		2593		1553		3766		1360		1738		78		1460				2		2		12554		1960		40.8%		33.0%		14.5%		1960		39.8%		36.1%		16.8%

		1961		2		1429		1179		2049		1055		1453		58		372				1				7598		1961		40.9%		34.3%		19.9%		1961		40.3%		34.8%		17.8%

		1962		1		1730		1358		2061		1202		1534		53		393						3		8335		1962		39.1%		37.0%		19.0%		1962		40.8%		34.5%		20.0%

		1963		2		1484		1366		2350		1434		1797		72		385		1		2		1		8894		1963		42.5%		32.0%		21.0%		1963		41.1%		34.1%		20.4%

		1964		4		1443		1500		2236		1447		1763		103		382								8878		1964		41.5%		33.1%		21.0%		1964		40.9%		32.1%		21.2%

		1965		3		2013		1725		3102		1532		2424		179		1038		1		3		2		12022		1965		38.5%		31.1%		21.7%		1965		39.6%		31.9%		22.6%

		1966		1		1203		1466		1884		1426		1973		179		384		1		1				8518		1966		38.9%		31.3%		25.3%		1966		38.2%		31.8%		23.9%

		1967		2		1296		1601		1810		1448		1980		201		412				1				8751		1967		37.2%		33.1%		24.9%		1967		38.3%		31.3%		25.5%

		1968		4		1289		1382		1940		1561		2081		292		503						2		9054		1968		38.7%		29.5%		26.2%		1968		38.6%		30.3%		26.3%

		1969				1131		1067		1570		1525		1916		233		337		1						7780		1969		39.8%		28.3%		27.6%		1969		38.3%		28.4%		27.0%

		1970		6		1852		1167		2658		1373		2693		318		971				3		2		11043		1970		36.5%		27.3%		27.3%		1970		38.2%		27.1%		29.2%

		1971				942		888		1511		1215		1975		350		256				2				7139		1971		38.2%		25.6%		32.6%		1971		37.2%		25.8%		31.3%

		1972		2		1024		772		1539		1198		2137		385		332				2		1		7392		1972		37.0%		24.3%		34.1%		1972		37.3%		24.2%		34.2%

		1973		3		888		670		1457		1057		2134		331		314				1				6855		1973		36.7%		22.7%		36.0%		1973		36.4%		23.8%		35.1%

		1974		1		1067		591		1374		1056		2028		368		331				3				6819		1974		35.6%		24.3%		35.1%		1974		34.7%		23.9%		35.5%

		1975		2		1336		676		1654		929		2463		424		636				7		2		8129		1975		31.8%		24.8%		35.5%		1975		33.7%		24.1%		36.2%

		1976				912		618		1301		912		2129		356		315				10		3		6556		1976		33.8%		23.3%		37.9%		1976		32.2%		23.9%		37.6%

		1977				854		510		1050		733		1963		308		334				6				5758		1977		31.0%		23.7%		39.4%		1977		30.7%		23.5%		39.7%

		1978				960		483		1051		639		2192		367		450		1		2		2		6147		1978		27.5%		23.5%		41.6%		1978		29.0%		23.2%		41.0%

		1979		1		764		479		937		644		1961		369		378		1		2		3		5539		1979		28.5%		22.4%		42.1%		1979		28.8%		22.9%		41.5%

		1980		5		964		453		1209		683		2195		359		374				6		1		6249		1980		30.3%		22.7%		40.9%		1980		29.6%		22.4%		42.1%

		1981				728		462		997		602		1988		341		233				1		1		5353		1981		29.9%		22.2%		43.5%		1981		29.5%		22.2%		43.1%

		1982				713		428		995		505		2043		325		266				4		1		5280		1982		28.4%		21.6%		44.8%		1982		27.9%		22.2%		45.1%

		1983		3		799		493		941		512		2262		414		257				1		1		5683		1983		25.6%		22.7%		47.1%		1983		26.1%		22.3%		46.7%

		1984				918		477		979		519		2480		495		301				3		2		6174		1984		24.3%		22.6%		48.2%		1984		24.9%		22.4%		47.7%

		1985		2		842		570		1040		580		2545		555		354				3				6491		1985		25.0%		21.8%		47.8%		1985		24.9%		22.3%		47.7%

		1986		3		885		514		1052		518		2375		538		304				4		3		6196		1986		25.3%		22.6%		47.0%		1986		25.6%		21.4%		47.6%

		1987		1		733		546		1164		557		2616		491		347				4		1		6460		1987		26.6%		19.8%		48.1%		1987		26.2%		20.6%		48.0%

		1988		4		777		527		1171		604		2649		626		333				4		3		6698		1988		26.5%		19.5%		48.9%		1988		27.0%		19.5%		48.1%

		1989		18		742		499		1173		622		2526		541		339				4		5		6469		1989		27.7%		19.2%		47.4%		1989		27.2%		19.8%		47.5%

		1990		1		961		496		1281		647		2684		560		382				2		14		7028		1990		27.4%		20.7%		46.2%		1990		27.4%		19.9%		47.0%

		1991		11		912		439		1307		551		2618		627		375						6		6846		1991		27.1%		19.7%		47.4%		1991		26.5%		20.3%		47.6%

		1992		4		814		506		1120		497		2499		695		326				4		11		6476		1992		25.0%		20.4%		49.3%		1992		25.3%		19.9%		49.1%

		1993		18		814		419		1015		470		2495		664		355				4		4		6258		1993		23.7%		19.7%		50.5%		1993		24.7%		20.4%		49.6%

		1994		9		781		513		1039		503		2391		597		250				1		8		6092		1994		25.3%		21.2%		49.0%		1994		25.0%		20.8%		49.1%

		1995		18		792		491		1067		477		2278		580		250				2		11		5966		1995		25.9%		21.5%		47.9%		1995		25.4%		21.8%		48.7%

		1996		8		884		493		1088		438		2307		698		185				4		9		6114		1996		25.0%		22.5%		49.1%		1996		25.2%		22.0%		48.6%

		1997		17		921		439		1057		474		2405		603		241				2		4		6163		1997		24.8%		22.1%		48.8%		1997		24.9%		22.3%		49.1%

		1998		27		859		393		966		441		2248		520		160				3		2		5619		1998		25.0%		22.3%		49.3%		1998		25.0%		22.5%		48.9%

		1999		10		937		399		998		447		2229		569		147				2		6		5744		1999		25.2%		23.3%		48.7%		1999		25.2%		22.4%		49.5%

		2000		16		775		400		995		384		2059		678		113				2		6		5428		2000		25.4%		21.6%		50.4%		2000		26.2%		22.6%		48.5%

		2001		10		762		358		936		444		1800		477		112				2		12		4913		2001		28.1%		22.8%		46.3%		2001		27.1%		22.2%		48.3%

		2002		7		498		231		584		326		1224		354		53				1		7		3285		2002		27.7%		22.2%		48.0%		2002		27.4%		20.6%		49.7%

		2003				21		19		41		22		72		59		3						2		239		2003		26.4%		16.7%		54.8%

		Grand Total		267		59234		39325		82202		43381		97666		17639		22213		37		115		154		362233





Graph

		





Graph

		1950		1950		1950

		1951		1951		1951

		1952		1952		1952

		1953		1953		1953

		1954		1954		1954

		1955		1955		1955

		1956		1956		1956

		1957		1957		1957

		1958		1958		1958

		1959		1959		1959

		1960		1960		1960

		1961		1961		1961

		1962		1962		1962

		1963		1963		1963

		1964		1964		1964

		1965		1965		1965

		1966		1966		1966

		1967		1967		1967

		1968		1968		1968

		1969		1969		1969

		1970		1970		1970

		1971		1971		1971

		1972		1972		1972

		1973		1973		1973

		1974		1974		1974

		1975		1975		1975

		1976		1976		1976

		1977		1977		1977

		1978		1978		1978

		1979		1979		1979

		1980		1980		1980

		1981		1981		1981

		1982		1982		1982

		1983		1983		1983

		1984		1984		1984

		1985		1985		1985

		1986		1986		1986

		1987		1987		1987

		1988		1988		1988

		1989		1989		1989

		1990		1990		1990

		1991		1991		1991

		1992		1992		1992

		1993		1993		1993

		1994		1994		1994

		1995		1995		1995

		1996		1996		1996

		1997		1997		1997

		1998		1998		1998

		1999		1999		1999

		2000		2000		2000

		2001		2001		2001

		2002		2002		2002



Steel

RC Concrete

PS Concrete

Year Built

Percent Built

0.5316446522

0.3016161173

0.0212143006

0.5124115713

0.3196051204

0.0229931565

0.4814450526

0.3722868203

0.0225337974

0.4854323039

0.3700379631

0.0288493138

0.4938969354

0.3665692275

0.0334576452

0.5015733495

0.3505830566

0.0520064201

0.4694984775

0.369766528

0.0704885338

0.4297704145

0.3842984285

0.1106225921

0.395153825

0.4008480974

0.1382534671

0.3887894959

0.3762271508

0.1556805094

0.3982473109

0.3610523515

0.1683772046

0.4027754461

0.3479958106

0.1779750443

0.4084885423

0.3447249575

0.1998039038

0.4105942509

0.340806743

0.2035753539

0.408587013

0.3209547626

0.2122812853

0.3962981822

0.3185866684

0.2264478842

0.3821163897

0.318438102

0.2394632795

0.3825230332

0.3131306919

0.2546547423

0.3855983797

0.3028582973

0.2625146138

0.3831741499

0.2836376223

0.2703255321

0.3815629088

0.2707478527

0.291519453

0.3723796559

0.2575632153

0.313172311

0.3729503182

0.2421943829

0.3421490192

0.3644539983

0.237796294

0.3507141205

0.3469493681

0.239310811

0.3553703142

0.3372206281

0.2413423611

0.3618538341

0.3216535926

0.2392569118

0.3761993713

0.3073801258

0.2350034916

0.3965835046

0.2900058581

0.2320150681

0.4104539875

0.2877099622

0.2286378923

0.4152198583

0.2956366764

0.2244900895

0.4214806905

0.2951901184

0.2217200051

0.4307577908

0.279492244

0.2219161488

0.4514820123

0.2607987047

0.2231302397

0.4670741054

0.2492938472

0.2236080672

0.4767739385

0.2485320018

0.2230901073

0.476528595

0.2564580962

0.2137701387

0.476228709

0.2616008104

0.2061544765

0.4800179018

0.2696301155

0.1948368644

0.481339653

0.2722709748

0.1979455266

0.4748804831

0.2744026009

0.1988310375

0.469896313

0.2651405904

0.2028282135

0.4762624469

0.2527955952

0.199399614

0.4906663207

0.2467020909

0.2044223488

0.4961596212

0.2497383237

0.2081631611

0.4914403731

0.2538366042

0.2175608278

0.487007395

0.2522696489

0.2203148389

0.4862056193

0.2494698359

0.2229026677

0.4907277546

0.2501284192

0.2253592425

0.4892684419

0.2520067792

0.2239587105

0.494656208

0.2621691174

0.2256757677

0.4849395194

0.2706524142

0.222118194

0.4826889545

0.2738341702

0.2057494814

0.4973155767




Next Innovations in Bridges?

« Composite bridges

* Entirely modular bridges

» 3D printing — precast mold building

* BIM in general

 Laser and drones for bridge monitoring
 Jointless bridges
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Unusual Bridges




Unusual Bridges
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Common Concrete Bridge Types

o Slab

o I-Girder

o Box Girder

0 Segmental

o U-Girder

o Spliced Girder
o Arch

n Cable-Stayed
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Preliminary Design
(most common shapes)

n CIP Short Span Bridges
»Slab
» [-Beam
o Precast, Prestressed
»Standard AASHTO/PCI/ Girders
— |-Girders
— Box Girders
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Preliminary Selection Guide (WSDOT)

Span Range (ft)
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Sheet1

		Preliminary Design - Bridge Selection Guide

		Washington State Department of Transportation

		Bridge Design Manual, Appendix A, August 1982

		This Chart is intended to show some of the many options available for bridge construction and the wide range of costs associated with them.  The actual cost to be used in any comparison for a specific project is very sensitive to the factors outlined in s

		Structure Types				Span Range				May-90

						(ft)				Cost Range

										($/ft^2)

		Hydraulic Structures		Pipe		1		3		10		30

				Concrete Culvert		3		20		50		60

				Plate Arch		12		20		30		40

		Structures for Conventional Site Conditions		RC Slab		20		60		40		70

				RC Tee Beam		30		60		45		75

				RC Box Girder		50		140		45		65

				PT Conc Box Girder		140		200		45		80

				Segmental PT Box Girder		200		700		80		100

				PS Conc Slab		13		69		45		55

				PS Conc Deck Bulb Tee		40		115		40		70

				PS Conc Girder		50		140		40		60

				Steel Rolled Girder		20		70		50		70

				Steel Plate Girder		60		400		70		120

				Steel Box Girder		60		400		75		130

				Steel Truss		300		1200		100		170

				Timber		10		20		35		60

				Glulam Timber		14		40		40		60

		Structures for Special Site Conditions		Cable Stay Bridge		600		1200		120		170

				Suspension Bridge		600		5000		300		400

				Floating Bridge		600		10000		120		250

				Arch Bridge		30		400		130		150

				Moveable Span Bridge		200		350		700		800

				Tunnel		30		10000		200		800
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Preliminary Selection Guide (Portugal)

METHOD / TYPE OF BRIDGE

Prestressed Concrete (PC) - Ground Scaffolding
PC Precast Beams

PC Span by Span Precast Segments

PC Incremental launching

PC Precast full segments (box girders)

PC Cast in Situ, Span by Span (MSS)

Continuous Composite /Steel Girders/Trusses-diverse meth.|
PC Cantilever Method - Precast segments (Launching Gantry)
PC Cantilever Method - Precast segments - lifting

PC Cantilever Method (cast in situ)

Concrete Arch Bridges

Composite Arch Bridges

Steel Free Cantiliver

Steel Arch Bridges

Cable stayed bridges

Suspended bridges

02/23/2022

<--- wide range of freq. multi-span viaducts

k--more common multi-span viaducts-->

i 40-50 50-60 60-70 70-80 80-100

—
i
1 SPANS (m)
100-120 120-150 , 150-300 300-500 500-900 900-1100 > 1100

Very Common solution
Medium/ Low frequency solution
Rare Solution

URP
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Slab Bridges

o Simple, easy to
construct

o Well-suited for spans up
to about 15 m.

n Cast-in-place or
precast. Reinforced or
prestressed.

n Can be made
continuous with
abutments and piers to
mobilize frame action.
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I-Girder Bridges

o Most popular
bridge type in the
USA, also used in
Bangladesh.

o For spans up to
about 55 m.

o Common sizes:
AASHTO/PCI
Type I-VI (710 mm
to 1.8 m), Bulb-
Tee (1.4 m, 1.6 m,
and 1.8 m).

02/23/2022 URP | RAJUK | S-8 COMPONENT

E

Walnut Lane Bridge, Philadelphia, PA



Properties, Dimensions and Maximum
Spans for AASHTO-PCI I-Girders

Type | Type Il Type Il Type IV Type V Type Vi
Beam Properties and Basic Dimensions
Width
Centroid Moment of Top Bottom
Type Area to Btm Inertia Height | £1ange Web | Frange
(in. 2) (in.) (in. 4) (in.) (in.) (in.) (in.)
1 276 12.59 22,750 28 12 6 16
" 369 15.83 50,980 36 12 6 18
H 560 20.27 125,390 45 16 7 22
v 789 24.73 260,730 54 20 8 26
v 1,013 31.96 521,180 63 42 8 28
vi 1,085 36.38 733,320 72 42 8 28
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Properties, Dimensions and
Maximum Spans for

PCI Bulb Tee Girders

BT-54

BT-63

BT-72
Beam Properties and Basic Dimensions
Width
Centroid | Moment of Top Bottom
Type Area to Btm Inertia Height Flange Web Flange
(in. 2) (in.) (in. %) (in.) (in.) (in.) (in.)

BT-54 659 27.63 268,077 54 42 6 26

BT-63 713 32.12 392,638 63 42 6 26

BT-72 767 36.60 545,894 72 42 6 26
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Properties, Dimensions and
Maximum Spans for
PCI Bulb Tee Girders

16-6 "I
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Bow River Bridge, Calgary, Alberta
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Bow River Bridge, Calgary, Alberta
(transportation could be a challenge for
very long girders)

Con-Force Structures Limited
Calgary, Alberta

—— T L% .
i e ETp— :_}., "

- s .
¥ = g R L
n . 3

- - B "
1 — =

= e 1 r—— e o g
; i —— = - = :
I | A, ey =k
] 2 B ¥ ql_i-'t"' - ¥ =

NU Girder 65m (210 ft)
December 2001 -

&
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Box Girder Bridges

o0 Second-most popular
after the I-girder g
bridges

o Common sizes:
AASHTO/PCI Type
BI-BIV

o Span Range: 18 m — f'
32 m.

n Use of side-by-side
boxes without a
wearing course offers
speedy construction
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Properties, Dimensions and Maximum
Spans for AASHTO - PCI Box Girders

f@ "@ B C]m
el P - TR T ] s o S T T T

Bl - 36 Bl-48 Bli - 36 Bil - 48
t{[:] | D
BT M| e s S
Bill - 36 Blll - 48 BIV - 36 BIV - 48
Beam Properties and Basic Dimensions
Width Top &
Centroid | Moment of T Bottom
Type Area to Btm Inevtie Height m:;‘ Webs | Flange
(in. 2) {in.) (in. %) {in.) (in.) {in.) (in.)
BI-35 560.5 13.35 50,334 27 36 5 55
Bi-a8 692.5 13.37 65,941 27 48 5 5.5
Bll-36 620.5 16.29 85,153 a3 35 5 5.5
Bll-48 752.5 16.33 110,493 33 48 5 55
Bill-38 £80.5 19.25 131,145 39 36 5 55
Bilil-48 812.5 19.29 168,367 39 48 5 5.5
BIV-36 710.5 20.73 158,644 42 36 5 5.5
Biv-48 842.5 20.78 203,088 42 48 5 5.5
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Chart BB-2
AASHTO Adjacent Box Beams 48 in. Wide
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U-Girder Bridges

- -4 -
T
Louetta "RoadfBridger
02/23/202 Sprlngs Tx




U-Girder Bridges

2440 mm

 Closed cellular
A section.
» Good strength-
weight ratio.

i

el e et e

o s
e

1372 mm L.
 Combination of
126 mm :
box-girder and
Y double-tee
L 1400 mm _J beam.

02/23/2022 URP | RAJUK | S-8 COMPONENT



U-Girder Bridges
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Chart U-1
-Beams
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Texas U-54 Beams
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Louetta Road Bridge Deck Panels
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Louetta Road Bridge
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Chart IB-1

AASHTO I-Beams
MAXIMUM SPAN VS BEAM SPACING
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Design a simple span bridge for HL-93 loading with 120 ft.
span. The width is 51 ft. with a 6 in. thick cast-in-place deck

Product Options for Example No. 21

Depth Spacin ],]ECR Number Design
Products illi. ’ ft ¢ Thlt;l:less of Strands Cha?‘t
v 54 8 8.0 42 IB-4
54 6 8.0 36 IB-4
v 63 12 9.0 46 IB-5
63 10 8.0 43 IB-5
AASHTO 63 8 8.0 42 IB-5
I-Beams 63 6 8.0 32 IB-5
VI 72 12 9.0 40 IB-6
712 10 8.0 42 IB-6
72 3 8.0 36 IB-6
712 6 8.0 26 IB-6
BT-54 54 6 8.0 34 BT-2
BT-63 63 6 8.0 28 BT-3
Ve T - - ———
Bulb-Tees BT-72 - 10 2.0 35 BT 4
72 12 9.0 36 BT-4
Deck Bulb-Tees 53 (5] None 30 DBET-2
6-ft-Wide Flange 65 6 None 23 DBT-2
AASHTO BIV-36 39 3 6.0 27 BE-7
Box Beams BIV-48 42 4 6.0 31 BB-5
Washington U66G5 66 10 8.0 47 U-4
U-Beams U78GS5 78 14 8.0 39 u-s
02/23/2022 78 10 8.0 43 U-5




Preliminary Design Hints

o Beneficial to use the widest possible spacing to minimize the
number of girder lines.

o Clearance requirements may dictate the structure depth.

o If no depth limitations, the most economical will be the deepesit.
Minimize number of strands.

Girder Options

Spacing (ft.)
Number of
girders

Girder depth (in.)

Cross section

area in?)

Number of
02/23 strands

72 in. AASHTO
Type VI

N

72

1085

36

72 in.
AASHTO-
PCI Bulb-
Tee

8

7
72
767

34

AASHTO Box
BIV-48

42

842

31

U-Beam
U78G5

66

767

47



Segmental Bridges

v The first long-span segmental concrete bridge in the U.S. was built over the Gulf-Intracoastal
Waterway in Texas in 1973.

v Over 460 segmental bridges have been built in the U.S.

v Maximum span length: 760 ft. for segmental box girder and 1300 ft. for cable-stayed bridges.

v Advantages: repetitive & economical construction, durable structure, can be placed on small
footprint, can be used on a small radius, aesthetically pleasing, concrete can be colored to
blend into the environment.
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Segmental Bridges

v Precast segments are usually erected using the span-by-span,
balanced cantilever, or progressive placement methods.

ree e

Y

Precast, balanced cantilever method

Precast, Span-by-Span Method
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Segmental Bridges

i
E i |
g

Bl -

i -.h'

3

Precast, progressive placement method

Cast-in-place, balanced cantilever method
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Segmental Bridges

v AASHTO LRFD adopted segmental bridge design provisions from AASHTO Guide
Specifications for Design and Construction of Segmental Bridges.

v Considerations during preliminary design stage:

> Span arrangement and configuration should be closely studied by considering the location
of the bridge.

» A bridge crossing over a navigable waterway is very much dictated by the horizontal and
vertical clearance requirements.

» Uniformity of the span lengths is critical in order to maximize the benefit of precasting the
segments. Uniform spans produce economical design.

» For spans up to 250 ft., constant depth section is typically utilized.

> For span length greater than 250 ft., a variable depth section is more economical and
efficient.

> Span length over depth ratio (L/D) plays an important role in preliminary design.
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Segmental Bridges

»The preliminary superstructure depth is selected on the basis of the L/D ratio.
» The initial depth selected is continuously refined in the preliminary and final design.

. i
1 1
I R I
i L H‘ ‘ 07L- 0.8L ‘ L . L i
L/d= 15 to EFI Lid=20to 15
Simply supported girder Continuous girder
L) 1
ﬁﬁ_— D, H /
~— — Span/Depth ratio: L/Dg = 15to 18
LJ'.DM =35to 45
|  o07-08L | L | 07 —08L |

" 1

Variable-depth brid§§£ilrg§5 Sﬁ?ﬁ span 2 %%g NtEL .

02/23/2022



Segmental Bridges

o Economical, durable,
aesthetically pleasing

o Post-tensioned or/and
cable-stayed

o Typical segment type:
Concrete box ,
o Cast-in-place (CIP) or _.
precast L
o Perfectly suited for

gradual and sharply
curved alignments
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Hanging Lake Viaduct

 |-70 Highway
in Glenwood,
Colorado

« Segmental
precast
concrete
bridge

« Balanced
Cantilever
construction

2004 © FIGG
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Spliced Girder Bridges

o Innovative technique for
very long spans

o Long-segment precast
prestressed girders
spliced

o Spans of more than 91 m
have been achieved

- Shefl;}'clbreek B;"idg, KY:
250 ft.
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Spliced Girder Bridges

ADAPT Corporation Copyright 2003

¢

02/23/2022
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Example 2- Ease of Construction
AASHTO Girders vs. PCEF Bulb Tee

Reinforcing Bar Top of Girder Reinforcing Bar

Top of AASHTO IV Girder Top of PCEF Bulb Tee
1’-8” Wide Balance Beam 4’-0” Wide Runway
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Comparison of Section Properties

Type of Girder AASHTO 45" Bulb
] Tee
Girder Depth 45 inches 45 inches
Moment of Inertia 125,390 in* 215,151 in?
Maximum Strands Bottom 38 strands 48 strands
Flange
AASHTO Il
Bottom
Flange Rt
PCEF Bulb HOO0AEEEO050
Tee BOttom ( A A NS NN NRENE N N
Flange
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Why Prestressed Concrete Girders?

n Steel girders need paint!

n Concrete girders are
generally maintenance
free.

o Concrete over water,
steel over highways

o Difficult to paint girders
over water.

n Steel girders more |
resilient to vehicle hits. .

02/23/2022 URP |



Arch Bridges

o Most efficient shape for
supporting gravity loading

o CIP or precast

o Longest existing concrete arch
bridge: Wanxian Bridge, China.
Span =420 m.

| RAJUK | S-8 COMPONENT



Cable-Stayed Bridges

o Structurally efficient use of
materials.

o Concrete in compression and
steel stays In tension.

pleasing.

o Most popular type for
signature bridges.

o Longest concrete cable-
stayed bridge in the U.S.:
Dames Point, Jacksonville,
FI. Main Span = 396 m.
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Zakim Bunker Hill Bridge, Boston, MA

Over Charles River.

Part of the Central Artery Project.
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Design Considerations

o Engineers tend to use familiar designs that worked in the
past.

o Clients’ desires, architects’ design, relevant codes,
accepted practice, available materials, contractors’
capabilities, economics, environmental concerns, legal
factors, political factors.

o Data gathering - topography, function, soil condition,
available materials, hydrology, etc.

o Preliminary design
o Design - Build option
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Bridge Aesthetics Hints

o About 2% additional cost for short bridges; 5% for
longer bridges.

n Equal spans for deep valleys. Odd span
numbers.

n Relative proportion of piers and girders.

o Limit pier width to about 1/8 of span length.
n Use order and rhythm.

n Contrast and texture.

o Light and shadow.
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Evolution of BRIDGE Design
Methodologies

3. LRFD Methodology
Load and Resistance Factor Design
» Recognizes Variability in Loads and Resistances

 Loads Multiplied by a Load Factor —
Increases Loads

« Strengths (Resistances) Multiplied by a Resistance
Factor — Decreases Resistances
» Consistent Reliability Index, 3, at Strength Limit State

» Calibrated Load and Resistance Factors
«1.25D + 1.75(L+I)
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BRIDGE SPECIFICATIONS: USA

* All Public Bridges in the USA must be designed in
conformance with the AASHTO Specifications (with any
local additions).

THE VOICE OF TRANEF'EIEIATIEIH

* AASHTO ?

American Association of State Highway and
Transportation Officials
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AASHTO Bridge Design Specifications

n Standard Specifications for Highway Bridges, 17t
Edition, 2002—phased out in 2007 (ASD).

o All new bridges for which States initiate preliminary
engineering after October 1, 2007, shall be
designed by the LRFD Specifications.

o For modifications to existing structures, use LRFD
Specifications or the specifications originally used.



Other Manuals, Guides,
Guide Specifications

o AASHTO LRFD Bridge Construction Specifications.

o AASHTO Guide Specifications for LRFD Seismic Bridge
Design.

o AASHTO Guide Specification for Seismic Isolation Design.

o AASHTO Guide Specifications for Bridges Vulnerable to
Coast Storms.

o AASHTO Guide Specifications and Commentary for Vessel
Collision Design of Highway Bridges.
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Other Manuals, Guides,
Guide Specifications

o AASHTO LRFD Moveable Highway Bridge Design
Specifications.

o AASHTO LRFD Guide Specifications for Design of
Pedestrian Bridges.

o AASHTO LRFD Bridge Design Guide Specifications for
GFRP-Reinforced Concrete Bridge Decks and Traffic
Railings.

o AASHTO Technical Manual for Design and Construction of
Road Tunnels—Civil Elements.

o AASHTO Manual for Bridge Evaluation.
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Other Manuals, Guides,
Guide Specifications

o AASHTO Bridge Element Inspection Manual.

o Bridge Aesthetics Sourcebook.

o Construction Handbook for Bridge Temporary Works.
o Guide Specifications for Bridge Temporary Works.

o AASHTO Standard Specifications for Transportation
Materials and Methods of Sampling and Testing.

o AREMA Manual for Railway Engineering (by American
Railway Engineering and Maintenance-of- Way
Association [AREMA)).
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Objective of the LRFD

Develop a comprehensive and consistent LRFD
specification that is calibrated to obtain uniform reliability (a
measure of safety) at the strength limit state.

AASHTO addresses the following limit states in the design
process:

*Service Limit State

Fatigue and Fracture Limit State
*Strength Limit State

Extreme Event Limit State
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Definitions

Q =Load
Y = Load Factor

R = Resistance
¢ =Resistance Factor

B = Target Reliability Index



For Safe Design

he basic requirement,
for each limit state:

2 1Q;= ¢R

Load Resistance
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N Q;

Basis of LRFD Methodology

< ¢R,

where
(Eq.1.3.21-1,  _
n page 1-3)

¢ =

For loads where max. value of y; is used:

m =npnrRm 2095 MW =

For loads where min. value of vy; is used: o =
mi =1/(mpnrm)<1.00

- n; = load modifier "
Q =

R, =

02/23/2022
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load factor: a statistically based multiplier applied
to force effects

resistance factor: a statistically based multiplier
applied to nominal resistance, as specified in
Sections 5,6, 7,8, 10, 11, and 12

load modifier: a factor relating to ductility,
redundancy, and operational classification

a factor relating to ductility, as specified in
Article 1.3.3

a factor relating to redundancy as specified in
Article 1.3.4

a factor relating to operational classification as
specified in Article 1.3.5

force effect
nominal resistance

factored resistance: ¢R,



Load Modifier, n;

(1.3.3-1.3.5)

Nnp = ductility factor, Strength Limit State
= 1.05 for non-ductile components
= 1.00 for conventional designs
= 0.95 for additional ductile components
= 1.0 for all other limit states

Ng = redundancy factor, Strength Limit State
= 1.05 for non-redundant members
= 1.0 for conventional design
= 0.95 exceptional levels of redundancy
beyond continuity and closed sections
= 1.0 for all other limit states
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Load Modifier, n;

n, = operational importance factor, Strength Limit State
= 1.05 for critical/essential bridges

= 1.00 for typical bridges
= 0.95 for less important bridges
= 1.0 for all other limit states
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Ductility Factor, np




Resistance Factors, ¢

5.5.4.2 (page 5-29)

oooooooo OQMPQOQNENT

Tension-controlled sections — RC 0.90
Tension-controlled sections — bonded 1.00
strands, prestressed

Tension-controlled sections — unbonded 0.9
strands, post-tensioned

Compression-controlled sections 0.75
Shear and torsion — normal weight concrete 0.90
Shear and torsion — lightweight concrete 0.80
Bearing 0.70
Gompression - Strut & Tie Model, . 0.70

V4w —mu~ oy —a~ oy~




Unified Design Provisions for
Reinforced and Prestressed
Concrete

o Emphasize common features

o Eliminate duplication

o Unify design procedures

o Promote the idea of “Structural Concrete”
Example:

M= Apsfps(dy — /) *Asfs(ds = 4/3) = A'sf (d's —%/2) +
0.85f' (b — by )hy(%/ —/f2)

R.C. case can be obtained by setting the P.S. term to
zero!

02/23/2022 URP | RAJUK | S-8 COMPONENT



AASHTO LRFD Bridge Design
Specifications - Chapters

. Introduction

. General Design and Location Features
. Loads and Load Factors

. Structural Analysis and Evaluation

. Concrete Structures

. Steel Structures

. Aluminum Structures

UUUUUUUUUUUUUUUUUUUU



AASHTO LRFD Bridge Design
Specifications - Chapters

8. Wood Structures

9. Decks and Deck Systems

10. Foundations

11. Abutments, Piers, and Walls

12. Buried Structures and Tunnel Liners
13. Railings

14. Joints and Bearings

2’05 Design of Sound Barrlers

UUUUUUUUUUUUUUUUUUU




Questions?
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