Graduation Project 2010

Design of Concrete Superstructure Bridge,

Box Girder

/
THREE ENGINEERS

4

40

ol ()5 Aes soall caly clijhll e 3 )5 el alan Y1 o aad asdl &8I )kl
alail iled 2SS ) a5y pealeall aadiaall 85508 delaialy dpndi JSUL ) g2y
cJSLEA e Wy 98 5 Ol g A 98 50K 4y 9 e ) a ) 5 Aala

Gkl bl ) el oL Lgia s JSLERN s3g] Fuulia sl ol Al glaall 3 Ll @Il

D5 o s Lgle 4 sand) 3okl ALl (g laall e 3ok Ay ) peinY Ay (A seally
:\A;.JJAS\ Calataladl) ‘_g :\:\3}.43\ EJL&N :\_1.1.4‘)3\ pa4ll JLAE;\ & &LILiSJAﬂ GAA‘} A

O smdigall gy JEEB e S5 Clalie ) siad CLS all 5 i) dendivy jona gl by jusall
b Aanaal) Gl Jaghad 55 e gl Gkl g Aadl Y15 ey Sl e seal) ol
Sl Jsn GUY) S plall @l padl simd 35 30 alasiaad 1) Gail) Sy gl it

Ol s e i )

) e L) adizal e andy ol yia LI e waall ) ALE Ul o e ) gead) ) gl gl
a2 g 3yl Jiall clalia¥) an (8 il ol ge s araadll a0 jeasil M Gl laad
Ll Jea o 5,06 maai s Leiliy lie ) susal) ol3) 8 52 5a]) il aal ey Jlaall 13
als ALY Ll (5 o g LaS S ey s (g Lgdiion (e 0l )l () A8l
clols JOVOU Jadi (Al dpngadall Jal sall (g 2pal) sy calea) (0 ade 1day o daglin Lo
cfall sl claall e JSLa f Al 3 ISl ) suall alanaly 5l pall sy gLy gilal

LSl g sliiall A8 jad dilu ) cliuy) (e cldyl ) ALYl

Wagale sk gl 5 ¢ Lol ol pe iy shaig pall e guall dalal) @)y —
35 A e 4y Les ALA) A e b Jualal el ail ae e

asel) il pe Sl L e Logl€ 3V il dalisal) Gl AU (e gusal

July 2010 5{3\(


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

/
THREE ENGINEERS

Box Girder
;-lea.uﬂ»éhm_;h&a_ il adgal) -
aVy. Jshall - ¥
R S s clilisal) 2as - ¥
Concrete box girder sldial) allaig g g8 — ©
e\‘.\.el.;géomeﬁ 9‘-.\,\1‘8)3—1
p e sl g2 e -V
<l ¢ o) Jaghad das -A
Gl oA bl il Gulul) £ 53 -4
ascaill adiodl meiadl

ool araal & dpaal) Jilugl) aladiad —
sl adga o il Y
ool aanai 8 gl pdld) aa Joldl) g oaliiuy) — ¥

i NG @81 ga Bae o iyl Jlanid — ¢

JLlly 2010 Page K\\iIJ<


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 £ CONCRETE o
Design of Concrete Superstructure Bridge / 3 \
Box Girder - THREE ENGINEERS

Introduction To

Britﬂﬂes

July 2010 - Bfijj


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010
Design of Concrete Superstructure Bridge, _ / 3 \\
Box Girder :

THREE ENGINEERS

yowad) e A0 U s d g dadia

Introduction & Historical Background To Bridges

Cay A GSLY) (e Jal) Jilay el dpudia ciliie Ge 3 ke ) sl
st el Y led S AU gadl Jals ) Ll Jead cSa Y 0 s
O Lgtiand e 4all daaal 53 o po IS5 W sy ) puenl) Faaal gy Ll
Aexiiaall o LEY) O ge e 3,8 £l sl e suall Aol fay aily ok cVlas
A Jed B8 e Jf 28 s Dl J8 Lo ) el )l an s Wl S
Dlaa¥ly Qlaall e Al 4 dedid) 30l g iy 8311504 (d) B
e o JSE o s Jd 0.3 600pke s (e 200) s Adska alis
(Do) ol N e o I (2.5 480 ple (s ¢ )y Yla (F ks

DS el (el Jils sl e e

21200 ale ugis 5 @98 )y g B QIR o A (Blaa jea J -

+ 12407t (% L) ( 58 ) 85 le Judlos 53 (Blan oo U -

o 1742 ale Lillay (b Gl o8 o o a0l (e pua Jf -

41887 gle Lilal 3skeler ol o5 338 Adaall Bl A (0 s youn f -

ol Ayl Jea lae suall gl e sac el aopudl skl 13a sl
a\JS.&} ).m;j\ tj.a JI:\:\;\ e\da:u.ny w\}@mﬂ\ UAJJJLIAJBAGMJ}HAA\
- ppeail) & Gosllaad) L) 5 AASE) i (e By 5l

Page E\\&;-Z//j

July 2010



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 s COpCRET
Design of Concrete Superstructure Bridge / \
Box Girder - THREE ENGINEERS

Types & Classification of Bridges s swadl cilidaly £/ [ oif

A allal) B ABKSAY ) g ) o ity
D pladiad) dua o -1
G5 SV PWEN
s

oliia ygun
) Lashad ) g
Jsis canlil Jaglad)

Gipa — ol —
. N (PEN
i LA 5al) ) sua

— Ggis Bk | =i }

put g () sl e - [ Nl A, ST e (08 WL ) e (0D plips

gl o Tl gt (-t ) o5, JES

-

July 2010 eage Sgi//\l



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

Box Girder THREE ENGINEERS

LA abe caea —2

: Timber Bridges 4wddd gwad .1-2

slaall Jgan oy sl gun Ulla aadius
ol ey Al S0y sl
sl o WY aads ccldasany)
ale J8 ) cuiall e sMie g de guas cuiS
sLiyl 4 aadid) (o dall .y, 1480
Hard ) alall iall s ( Timber Soft)s bl v dall Ly (e o J A dle
Al DKl A je JA 5 30 adl 4y 0 g gl alasiu) Juady o (Timber
Gl ydall s 4 gl aca dandicall ClLEAY) dallae canys ¢ Al Jlaal) il caas
& sl 13gd Lluas )90 aiS Jae blel jo pa ¢ a2Vl Jd (andl Jall dals

Boa ) G sl S S lasale Al g ) gead) e

: Masonry Bridges 4L asl o dushll swall .2-2
S sl e s gl ) el e i g gl 138
b an Aoy bial) il 348 ey bl
Bl e KBS e 08 2l Al
J Semi-circler 5 s caas ¢ Parabolic Arch

Elliptical Arch ( adal)s sbian 5% 28

July 2010 - (Q


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010
Design of Concrete Superstructure Bridge / 3 \\
Box Girder (

THREE ENGINEERS

& Wla aasig g ¢ DU e e Al sl a8 8 By aall seall i
BBt edi:mﬁ} ¢ Boypa yeny ) gl e Cua 400 Glalially LA Lﬁ)\.\s
iaglie UG Y lala 05K o cong sl 8 axdieall jaally L o sl 5 5Ll
U iy il olad) ol ¢ gl e aadinl 13 Aalay Caliall s 45kl
aS b oSl 48 e il gy s oy 436 Al (5 laall juaS g gl 13a Hadid

led Gaadiall ) el ik dboiall olsal

: Steel Bridges  4wwaad gl .3-2

S el ) (e 295 Lgille paall ) sl
s G pal) @l il daglie 6<55 panal)l

sl Gag sl I g Ay 0 Ala M U3 Y
e s 21851 Ao adasia 1

Composite ISl ywall1.3.2
Bridges

@i g Adslaad) jsmadl .2.3.2
Truss or  asladall  (a ) gdl

Lattice Girder Bridges
OS5 sale Hauall e gl s
Aol Gl ay vaall (e 32dk

L@jsﬁtmj\umuy\ﬁjdh‘sh}

July 2010 - (52


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010
Design of Concrete Superstructure Bridge
Box Girder

THREE ENGINEERS

dalaal)  gunt).3.3.2
Suspension Bridges

gl iy ) guall Gep Al 12a
a6 L sale g 4l ghall cnlaliwall
sl e B ) guall e g gl

Cable — 4l jguall .4.3.2
Stayed Bridges

Gaal yimy Hsuall e gl J3a
daxiy dpaall ) gual &U—'ﬁ t}j}
b jo OIS daul 0 el & sl
PN A S LIRCI K\ PIF P
08 o) Rad \gilae L 3 uad

alysh

July 2010 - (Q


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 2
Design of Concrete Superstructure Bridge / 3 \
Box Girder (

THREE ENGINEERS

Plate Girder Lacall dgisal) pilieall (o ¢ s€al) ahiiall g3 yun .5.3.2

cpinail) Und Gag Ainee alga) 4V (m a5 Y Ll desaldd) dpanad) ) guall jaamg
el i A gy aae e S () Axdl aladiuly Gleadl) apes HLasl el
Al 3

sl gl Al Bl g 3 Agarall gl .6.3.2

osmall e gl 1 adiyg
Chmgg ¢ oddE Ao ju gy A s
s sl e gl 1
By Jlacal sand alalis)
Latie Guald g ¢ Dloa sl i
ARENT TG WA P SVEN P
Cla dee iy ¢ sl
Jals ALy b
Clay  Jually . auad
L ¢ a8 52 5m sall §1 58 Slay i L) Juany 4y Lgale (3,0l 5 Leias die oL )
S P (sl o Lewns ¢ W3S Ao ey Al ggnny 53 palusdll Dla s
Daslall g ) ol asms o I lead dlen e Lilas ot o oy lansal
Lol o s sha e alin Loy AV Gandl 50 aebaall (any Jaead ) 535
s e assal G Gull dald 8en] atial Jid geall Cuii o) g

Jsd sl

July 2010 Pege (Q


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

Box Girder THREE ENGINEERS

: Concrete Bridges 4uwilw/ 34 gwadl .—4-2

dais Sy oumlal) (A Ay b ansiad s Ul aL8) A sual) (e gl 3
el sl e )

(s Badial) dalial) dla) AY jewall 1.4.2
Onsite Reinforced Concrete Bridges a2 gall

Composite inside and
Pretension and Prestressed
Concrete Deck

July 2010 - (Q


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

. (
Box Girder THREE ENGINEERS

RA PR KVEWY d8uua 48 pall [ gwal) 3.4.2

Composite inside and Post-tension
and Prestressed Concrete Deck

PPN I IV I

D adsal B 4 suaall dalual) Llu Al -1

il 3l Cm s el Ui el o (g ¢ A shlaall 2L 5030 e o Lo s

3 gal L) (e ley Al il sall gaen £ L) sled po ad sally &y suad) bu 2l 8 ey
@m,ésu\g,_;m‘uu\;aﬁu}@\}dm\}M\d;\ﬂiﬂf:uu,g\L@AM\
¢ 3l A JIR Egan — Al Al Jaa s jali— HUadY) o gii Jie 35 Ul g plall cilalga)
sl s 5 Agluya 3l JS e Slump Test ds jlall 2l Al o) 6 jlas) Jae can
s sl A clial gall diflas e dlla

D absall B 4 suaall algaY) Al Al A0 -2

Cable Ll UKD 5 jlany b il s (jays Lolhaal 2laVLsa al Jae o3y e
daliall la AN e e Ll o Allad) o 3 A5LY) jealiall arenal 2 L sale Tandem
ATl Laly Blal) al) 85 ) oSl Adl) Clinal sal) waen el s AgaY) dals Ll Al
EOFN RSVET TR ¢ IS REVSICOF PPN S PN PR IR PRI TP [ E SN XPTN

aad oy oS Yl s laall (a5 Al Baw 3 8 Bkt y COUISD (5 jlas Jala Apaaal)
Ge S Cinyg ¢ aanadl) Guigall dand 5 algaY) G Gadad Ji Ll a0 A slaal o) asl)

o derall Gl sl 305k e 35S0 A laal) dad

July 2010 Pege (ﬁj\g


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 Py
" e . _ /,4-' S
Design of Concrete Superstructure Bridge 3 \\
Box Girder ‘

THREE ENGINEERS

D qual) A dalual) il Al -3

i Lginllae s piadll b daliall Dl jal jualiall Cua e 46 Ll 038 adiad
Ge gl 13 S adsall (B LS i Ll o Aysllasl) dalial) () Jgea s
30 a4 gy (K05 ¢ auaadl Jada Al Al 3 s Akl Al ggu LY
poadll o agy L dadd A8y Hhay a8 gall (B LS S Glenal daaliie 2y DLl
Do) asenai o U ) Gulalall o e 8 2aly o sy

sl Lem s Ll ol Aabad) Aglay) jealiadl e sea¥l clea @ Y
AELAY) pealiall (s bl bl 50L 3 ) clbal) o3 oo Le Wle s ¢ LeasS i
C ) eaie S Al Gl Ll aaad e A

ke Wle 5 aa 5+ 2g0n b pieadl Tty il 3 ) slea) a1 LS
0 S jaie gl slaiind wdsd)l 3 ely Al Al Bl e Uadd) 12

e 2 E e dxiuad b Uadl)
Ay suadl Al Al Als Lo cOlasl Cona ddle cuall Al clina) Cunys
22ai) e Aanlill Ayl o gl s Apnladl ol il Clus Cany 1A cadsdl
cDlad e as 5 E agaa b aoiadl Uadg ae) ll Ll Lgagll 5 (ileSV)

July 2010



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 2
Design of Concrete Superstructure Bridge, _ / 3 \\
Box Girder ‘

THREE ENGINEERS

D cuall Adlu slgay) A8ilu Al A -4

S olae Gl ge giead) Jals sadl 8 Al Al i e ARkl b3 el
Ledsam g5 o sall Com 2my Mgl Gaw G fiys L il J20 Fgaaall DU
Jaid 2 e Wle 5 . anad) Guvigal) ddad g1 oapan o Wl ks Risea e glia )

L) e i 13 aleaY) o UK JRlSIL il

Composite concrete and stedl )aaal) g Al Al (pe 48 jal) Jgwal) 5.2
(Bridges

A Jony DU oy aally Bl Al (o 4D NS gl (e sl 128
bl ¥ b Lede el e e Al

Aluminum Bridges assisasl¥/ 5ila (e deiaadl gt .6.2

Cliid) & Ul a3y o s ge s 8ole (e daiad) gl G 353ma 20 llia

ridigh) LISE ladi ) gual) ) o -3
Arch Bridges dwsiall jgwal) 1.3

Mgy dlle bia o deal ¢ ud ) gaie AKI Hseal e gl 1
(Gl ) dak ) od) se A Aailad (as wghall J aall e iu s dcaidia
SR PE RN

July 2010



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 2
Design of Concrete Superstructure Bridge / 3 \\
Box Girder (

THREE ENGINEERS

Simply Supported Bridges daw 3, Ao Al jsmal) 2.3

EM\ waem&}wwuu\ Jj.m;j\w&).\l\ Jaa jallad (e
Oo liliall By suen ol (Says RAS ) guaal) JH gd GlIAg o LESY) Algus b
c AN Aoy gea 320 PIA

Contiguous Bridges 5 _saiwall ) gwal). 3.3
Al Sl 008 O oSas A9 pailad 68 o Sa smal) e g sl 13
Portal From Bridges adsgdl o 4,y 5 swal).4.3

s oliy (Sars il sl g5l e Gald g s sl (e g sl
el 4K Caddt (a e dalide OlSlawy ) gaall

Cantilever and suspended span Bridges dalzall 4 gilsl) ) gl 5.3

S8 DA e dase IS0 aadi] Cua daatind) gl oY) sl e g gl 1 e
GLIAY) e e seme Juall o3 deaiy ddle el pada e e Juald
coalaiY) dea e Jand Al g A el

July 2010



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

Box Girder - THREE ENGINEERS

Aliial)l (ol el @il o Adgilaal) | guall —-6-4

30l a g Al il g daall e 33 S S8 e Hauall e e gl 138

July 2010 - Eﬁjj


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010 oo CONCRETE 8
i o " ' \‘\f ‘-.\nr*/.
Design of Concrete Superstructure Bridge \\
Box Girder |

THREE ENGINEERS

DESCRIPTION OF
COMPONENT AND
PARTS OF THE
BRIDGE

f-‘j@h Gl igS g

£y piall (o 4g8ld

pla Al ga adalll — plaia — (el adsall -1
¢ 720 Jgkll -2

230 Bas gl dkdl) J gk -3

Concrete box girder slidall allaig £ 53— 4

¢ 14 sl pa e -5

<l 4 o) Jaghad 2xe -6

Y

July 2010 Page Q—i/l



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

. (
Box Girder THREE ENGINEERS

sl pun-1-1

3mi°)ﬁr—de§meﬁd-o tl.)).ﬁchidm Gah Jady juall

TR

——
%WWW T8 T8 &7

1 Cason >

-]

Bridge components

July 2010 - Eﬁ


http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010

Design of Concrete Superstructure Bridge

. (
Box Girder THREE ENGINEERS

Al ) puaad) palic

Main Girder Traffic deck
Parapets
Abutment ﬁ\ Bearina
—>
I_I I'I I‘I i i ~ foundation
Piers

Elavation of typical Girder Bridg

1-2

14 M

July 2010



http://www.pdffactory.com
http://www.pdffactory.com

Graduation Project 2010
Design of Concrete Superstructure Bridge

Box Girder

THREE ENGINEERS

Loads on
S5 parstm cture

N
L

17

July 2010 -


http://www.pdffactory.com
http://www.pdffactory.com

w1 CONCRET
T ”-":-'.r

o‘i«"’ 3 rt;r.
{_.
THREE ENGINEERS

Graduation Project 2010
Design of Concrete Superstructure Bridge

Box Girder

1. CRITERIA

After Careful Consideration And In Accordance To The Feasibility Report The
Design Was Made With The Following Criteria:

« Earthquake Analysis Made By the National Seismological Observatory Center and
Values Structure is designed to resist and remain operational.
« Continuous box girder considering an easy access to specified quality of concrete
and steel concrete quality as follows:
a. 30 MPa for reinforced concrete deck slab and diaphragms (cast in site) after
28 days.
b. 420 MPa yield point of steel for reinforcement
« adopting a cross section easy to make and adoptable to other sections with

similar properties.

2. LOADS

2.1 DEAD LOAD

The dead load shall consist of the weight of the Superstructure including the
roadway, car Tracks, pipes, cables, and other public utility services

July 2010


http://www.pdffactory.com
http://www.pdffactory.com

w1 CONCRET
Ll H"I:-'.f(

Graduation Project 2010

Design of Concrete Superstructure Bridge

Box Girder

(
THREE ENGINEERS

2.2 LIVE LOADS

g

From AASHTO 3.6.1.2.2 LRFD 07 £ it > Q)
25 kN 145 kN 145 kN
L 4.3 m | 4.3 to 8.0 m ._|

We Used HS20-44 Live Loads

All live loads are magnified

1.3m

Am General
3m Deck Owarhang

—_—

. .
De=lgn Lane 3.64m

[=J= ]

2.2.1 Lane Loading

Each lane load shall consist of uniform load per linear meter of the traffic
lane combined with a to span concentrated load so placed on the span
as to produce maximum stress .The concentrated load and uniform load
shall be considered as uniformly distributed over (3.05m) width on a line
normal to the center line of the lane

For the computation of moments and shears, different
concentrated loads shall be used as indicated in figure below.

CONCENTRATED LOAD —  30KN FOR MOMENT
116KN FOR SHEAR

UNIFORM LOAD 9 4KN/m PER LINEAR OF LOAD LANE

H20-44 LOADING
HS520-44 LOADING

Figl. lane loading
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2.2.2 Truck Loading

The standard truck was taken as in the figure below A military vehicle
proposed by the Ministry of Transport in Yemen is loaded on the model for
static effects and the capacity of the bridge elements are checked. Total
load =117 Metric ton. With width =2.3 m

18 TOMZ
FH85
, | 8090

2.2.3 Impact Factor
- Impact shall be included

e Superstructure

I= (15'24) AASHTO 3.8.2.
L+38
Where:

| = impact fraction (maximum 30%)
L = length in meter of portion of the span that is loaded to produce the

maximum stress in the member.

I, ' /’fﬂ% Q
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2.3 EARTHQUAKES

In regions where earthquakes may be designed to resist earthquake
motions by consideration the relationship of the site to active faults, the
seismic response of the soils at the site and the dynamic response
characteristic of the total structure.

According to the Notional Seismological Observatory Center, the most
probable Earthquake force equals (15% of the dead load of the
superstructure applied in each direction).

2.4 WIND LOAD

The wind load shall consist of moving uniformly distributed loads applied
to the exposed area of the structure.

The exposed area shall be the sum of the areas of all members,
including floor system and railing, as seen in elevation at 90 degrees to
the longitudinal axis of the structure the forces and loads given herein
are for a base wind velocity of (160 km /hr).

The transverse and longitudinal forces transmitted by the superstructure
to the substructure for varying angles of wind direction.
Assume the skew angle of wind =0.0 so the Lateral Load = 2400 N/m?

2.5 THERMAL FORCES

Provision shall be made for stresses or movement resulting from
variation in temperature .The rise and fall in temperature shall be fixed
for the locality in which the structure is to be constructed and shall be
computed from an assumed temperature at the time of erection.

Assume the difference in temperature between top and bottom of deck =

30 deg
JUIy 2010 Page ;\\Ei_jz
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2.6.Self-weight of box girder
the minimum Depth is Selected to Satisfy AASHTO ( 8.9.2)
hmin = 0.055S = 0.055 x(30) = 1.65m

A total depth of 1.65m is Selected as required to Satisfy stress criteria

2.6.1.Top Slab thickness

Use S = clear Span between Girder from (figure 6.10.a ) page 446
.(Narendra Taly ) we use Top=0.3m

Bottom flange thickness t, is Computed according to (AASHTO 8.11.2)
Clear Span between Girder webs S=4-0.3=3.7m

1

1
t= ExS = Ex 3.7=023uset =025m

The total depth is:
H=Top slab + hmin + Bottom slab
=0.3+1.65+0.25=2.20m

A Total depth of 2.20 mis selected as required to satisfy stress criteria

July 2010 - i@?
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14m

A

7y

Im .

A
A

1m 40.5+ 35m |, 4m |, 35m ;IQ.Sm‘

|

The cross-section of box girder fig (3)
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2.7.Calculation of dead load for box girder

2.7.1.Method one ,using area of shapes multiply by density of
concrete

A (total)l = area Top slab + area Bottom slab + area overlay + area web +
area fillets

v
Sluz Ml ws
w2 | |

=wl+w2+w3+w4+ws

W1 = (12x0.3+1x.25x2) = 4.1 x25 = 102.5 KN/m

W2 = (11x0.25) = 2.75x25=68.75 KN/m

W3= (1.65x2x0.3) = 0.99 x 25 =24.75 KN/m

W4 = 2x((1.87+1.57\2) x(0.35)- (0.25x0.29\2)) = 1.1315 x25 = 28.3KN/m
W5 =(0.15x0.45x14)+(0.15+0.10\2)x(0.38)x(2)= 0.5675 x25 = 14.1875 KN/m

W total = 9.539x25=238.475 KN/m
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2.7.2.Method two :

Using area of AutoCAD multiply by density of material

PR T
BRI EEY TN

S
ta!
Ft
&
5. |
(=
[
A

A = 26.07 - (2x5.29) + (5.97) = 9.52 m2

W =9.19x 25 = 238 KN/m2
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2.7.2.1. Parapet and traffic median

.Computing the self- weight

A= 0.28m2

W Pparapet = 0.28 x25 x2= 14 KN/m
W traffic median= 0.24 X 25 = 6 KN/m

Parapet

weight of asphaltic over-lay

al

ul Fig (3-6) ™

W  asphaltic = 0.1X12.5X24 = 30 KN/m
Total dead load

Total = 238+14+6+30 = 288KN/m

traffic
median
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3.1. Analysis of Superstructure Concrete Bridge for Two-Span
Continuous Box Girder

Assumptions of Analysis and Design
HS20-44 Span=30m
Grade 60 reinforcement Fy= 420 Mpa F'c =30Mpa

Determine the Moment and Shear By Using Three Method :

1. Equantions to find max:

To Find the Maximum Negative and Positive Moment for Two-
Span Continuous We Use This Equations As Shown In Fig (1)

2. Equantion to find at any point

3. From Sap2000 program (see page 49)

Note:

Use the Maximum Value from Three Methods

July 2010
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This Equation from Structural Analysis Books

TR
-

Swil/4 3Iwl/B

—5wi/8
 9wL/128
3/4L :
| *g%ﬂ;
.rﬂ M
Fig (1)
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3.1.1. Application of Equation

W= 288 KN\m

VYV YV VY VYV VYY

A

T 30m % 30m

Calculations The Reaction At The End Support Ra,Rb ,Rc

Calculate the Shear:-

_ 3xwl
I
3x288x30
Ra = = —3240 KN
8
3xwxL
Rb = 3 = 3240Kkn
3xwxL 3x288x30
Rc = n = n = 6480KN

July 2010 - Q’Q
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3.1.1.2. Calculations Shear Force Due To Dead Load: S. F. D

—Vx max = 3240 — (288x30) = —5400KN
+Vx max = (288x30) + (3240) — (6480) = 5400 KN
—Vx = 5400 — (288x30) = —3240 KN

W= 288 KN\m
y A y V. V. VXN y A y Vv ¢ |
30m A 30m O]
T: J: {
\H "
N \\‘ . G
\\\ -+ \ H-i-\}
. ‘\\‘
5400 -3240

July 2010 - QQZ
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3.1.1.3. Calculations Moment Diagrams Due To Dead Load: B. M.D

¢y 9wl (9x288x30%)
max — 128 - 128 = 18225KN.m

y _ WI2 _ 288x30?
M = =

max = g5 5 = —32400 KN.m

July 2010 - i@j
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W= 288 KN\m
A y N \ 4 Yy V y \ 4 A v y l ‘
30m A 30m @2
T: e {
3240 +5400
e
~ ¥ |
=~ s
11.25m S~ i ¥ \\\._\—1—\' !
mgl |
_5400 -3240
-32400

18225 18225
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Y AV (a Juadl A3y plal) o 3a g Adall Jlaadl puaad) Adadly Jalacl 450 48, yhal)
B Al A gY) AR al) LAY juad) B Adali JSI g Gad) o
poadly oalll Gl cpilataal) A0N 48, jhal) B asdied g L8 (M+ max , M-max)

y _(3wl) wx? 0<x <]

x = 3 X > <x <
3wl

Vx=?—wx 0<x<lI

Where w = uniform load on the beam

3

gwl = reaction at the end support

With L= 30 m the above expressions simplify to

3x30w wx? )
x=( )x— = 11.25wx — 0.5wx

8 2

_ 3x30w

Vx = 3 —wx = 11.25w — wx

Moment and Shears Due To Both Dead Load L1 and L2 Computed

Form the Above Expressions for Every Tenth —Point of the Span Are
Shown In the Following Table

July 2010
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3.1.4.Moment and Shear at Tenth —Point of Span Due to L1 and L2

Moment Due To Both Dead | Shears Due To Both
Load Dead Load
1 !
LOCATION X SPAN 1 SPAN 2 SPAN 1 SPAN 2
At support 0 0 0 -3240 3240
0.1L 3 8424 8424 -2376 2376
0.2L 6 14256 14256 -1512 1512
0.3L 9 17496 17496 -648 648
Max=0.375L | 11.25| 18225 18225 0 0
0.4L 12 18144 18144 216 -216
0.5L 15 16200 16200 1080 -1080
0.6L 18 11664 11664 1944 -1944
0.7L 21 4536 4536 2808 -2808
0.8L 24 -5184 -5184 6912 -6912
0.9L 27 -17496 -17496 4536 -4536
Max 0.1L 30 -32400 -32400 5400 -5400

Maximum moment M+max = 18225KN.m at x=11.25m

Maximum moment M-max = 32400 KN.m at x =30m

Maximum shear V+max = 5400 KN
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Table (1)
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Table 2 Reaction and Shear Influence Ordinates for Two Equal

. REACTIONS SHEARS
Unit Load

RA | RB RC | VAB | VBA | VBC | VCB

Al 10 0 0 1.0 0 0 0
S | 1| .873 | 1504 | -039 | 8/36 | -1264 | 0330 | .0330
2| 7488 | 3150 | -0768 | .7488 | -2512 | .0640 | .0640
P [ 3] 6272 | 4638 | -1092 | 6272 | -3728 | .0910 | .0910
4| 5104 | 6016 | -1344 | 5104 | -4896 | .1120 | .1120
A 761 4000 | 7250 | -1500 | 4000 | -6000 | 1250 | .1250
y |G| 2976 | 8304 | 153 | 2976 | -7024 | .1280 | .1280
7] 2048 | 9142 | -1428 | 2048 | -7952 | 1190 | .1190
[ 8 1232 | 928 | -1152 | 1232 | -8768 | 0960 | .0960
O] 0544 | 1.0026 | -.0684 | 0544 | -9456 | 0570 | .0570

|8 0 1.0 0 0 10 | 010 | 0
> [ L] -03% | 9630 | 0910 | -03% | -0390 | 9240 | -0760
2] -0640 | 8960 | 2000 | -0640 | -0640 | 8320 | -.1680
A | 3] -0770 | 8050 | 3210 | -0770 | -0770 | .1280 | -2120
A1 -0800 | 6060 | 4480 | -0000 | -0000 | .01G0 | -.3040
N | 5| -0750 | 5750 | 5750 | -0750 | -0750 | 5000 | -5000
6] -0640 | 4480 | 6960 | -0640 | -0640 | .3840 | -6160
2 [ 7] 0490 | 3210 | 8050 | -0490 | -0490 | .2720 | -.7280
8] -0320 | 2000 | 8960 | -0320 | -0320 | .1680 | -8320
9] -0150 | 0910 | 390 | -0150 | -0150 | .0760 | -9240

Cl_ o 0 1.0 0 0 0 10
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4.Live load

4.1. Maximum Negative Moment
4.1.1. Lane Loading

4.1.1.2. Truck Loading

4.1.2. Maximum Positive Moment

4.1.2.1. Truck Loading

4.1. Max Negative Moment

4.1.1. Lane Loading

Calculate the Negative Moment at Support B The Maximum
Negative Moment Will occur at the First Interior Support B, As per
AASHTO 3.11.3, the Loading Condition Which Creates Maximum
Negative Moment is illustrated Below:

80KN 80KN
0.6L 0.4

A
Y
=
11
A

T‘ 30m ‘T‘ 30m
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Using the influence data presented in Table (1) we compute:
[Span AB - Concentrated Load]
P=80KN

Mg, = (ordinate at 0.6L)(weight of load)(Length of shorter span)

Mg, = (0.1824)x(80)x(30) = 437.8 KN.m

At span BC -80KN Concentrated Load
MB2 = (ordinate at 0.4L )*(Weight of Load )*(Length)
=(0.2064)*(80)*(30) = -495.5 KN.m
3-(span AB and BC 9.4KN/m Distributed Load)
MB3 = (Area under influence line at B) x (Load) x (Length of shorter span)?

M3 = (—0.1250)x(9.4)x(30)* = —1058 KN.m

Lane Loading total = M1+M2+M3= - 437.8- 495.5 - 1058 = 1991.3KN.m

1
M(l+I) = §x19913x328x13 = 4245 KN.m
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4.1.1.2. Truck Loading

Calculate the Negative Moment in Span AB Maximum negative
moment in the first span (AB) is caused by placing a truck in the
second span (BC) as shown below:

30m
0.75L
0.517L
oa 72 72 18
0283L | | l l
®© 0 o
o o o

July 2010 - Q&
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yl=0114
y2 = 0.0475
y3 = 0.1404
MB = 72(0.114 + 0.0475)x30 + 18(0.1404)x30
=425KN.m

4.2.1 Calculate the Negative Moment in Span BC Maximum
negative moment in the second span (BC) is caused by placing a
truck in the first span (AB) as shown below;

Maximum Moments (M +Ve) at 0.4L= 0.4x30=12m

30m @

mhﬂ a2

‘J&I‘.‘I 24

30m 30m
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y1 = 0.16995
y2 = 0.1851
y3 = 0.1356
= 72(0.1356 + 0.1851)x30 + 18(0.165)x30 = 782 KN.m
M,yrq = 782 + 425 = 1207KN.m

1
MtotalABle*D.F*I*E:

= 1207x3.28x1.3x0.5 = 2573KN.m
=~ Lane Loading > Truck Loading

Use lane loading

July 2010 - EQQZ
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4.1.2. Maximum Positive Moment

4.1.2.1. Truck Loading

Calculate the Positive Moments in tow span continuous at span
A-B

Maximum Moments (M+Ve)at 0.4L= 0.4 x30=12m

72 72 18
041
y
O O O
A 30m B . 30m

b 12m FETY 43m

= = B
[ ]
N N e
S O &5 o

4.1.2.1Calculate the coefficient by using interpolation

13
yl= 0.2031 — (?> x(0.2031 — 0.1824) = 0.19413

July 2010 - Q&
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CALCULATE THE COEFFICIENT

2.6
y2 = 01824 — (?> x(0.1824 — 0.1475) = 0.1521

At 0.4L = 12m

M = 72x(0.2064 + 0.19413) + 18 (0.15215) = 31.57

4.1.3.IMPACT LOAD AASHTO (3.8.2.1)

/= 1524 1524
"~ L+38 30+38

4.1.4.Distribution factor AASHTO (3.23.2.2)

s 14
2133 2133

M(L+I)= (D.FxlxMlxI)

= 0.22 use impact — 30% M,

D.F = 6.56 = 6.56x0.5 = 3.28

= (3.28x30x(3157x1.3)) = +4038.44 kN.m

Total design load are.

Mtotal+ve — Mtotal dead load + Mtotal live load+impact load

Mtotal—ve — Mtotal dead load + Mtotal live load+impact load

Miotai+ve — 18225 + 4038 = 22263.44KN.m
M;otai—ve = 32400 + 4245 = 36645KN.m
Note: -

The entire box girder will be design as a unit.
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5. Shear due to Live Load

at left support. Max: - Shear due to live Load

30m 30m
72KN 72kN 18kN
4.3 4.3
‘ ——
A A .
30m 30m
72 72 18
\'\

0.8753  0.752 0.6318
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1.3
y; = 0.8753 — 3 (0.8752 — 0.752) = 0.8219

2.6
y, =0.752 — 3 (0.752 — 0.6318) = 0.6478

Z(Load 1) = 72 % (1 + 0.8219) + 18(0.6478) = 142.84

Viyg = 14284« D.f = (1 +1)
= 142.84 %328 «1.3 =609 KN

2 V., = 609KN

Vtotal shear max Vmax deadload + Vmax live load 2

Viotal shear max = 5400 + 609 = 6009 KN
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5.Analysis by use program

D st Jlga aladiuly Juladl)

ealiall aladind o3 claial) Qe el geal ) aladind 8 sl il A -
gt 1 b s el sl Al ) guall araall Cpaall
Dol DS Jilatl Aald L3y gl Aale o35 (s A il Jiladl aana
i A el Cumy Adline alalias mali s 335m 50 zila bae b Jamy
12 a8y Aeddiuall AL £ giy ) guadl duia jall adaliall ¢ 5y adie 539 abidas
Dfinyy Ailise alalics dagmia il Jaels geall dilaal JSLEA) sl galisl
Jdail (STAAD PRO) gebiye (3o Jumdl Liimyg ) gmaad) Jilail dsiilly el g Jucadl

A e glaall ) Al 5 eyl e

(Box Girder) g5 Jia) -1

:j‘-f: Select Bridge Deck Section Type @

Concrete Box Girders

Ext. Girders Wertical Ext. Girders Sloped Ext. Girders Clipped Ext. Girders with Fadiuz Ext. Girders Sloped Max
AASHTO - PCI - A5B] Advanced
Standard

Other Concrete Sections

| S| | o

Tee Beam Flat Slab Precast | Girder Precast U Girder

Steel and Concrete Sections

T

Steel Girders
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2- (Box Girder) Properties

Bridge Section Points for BSECT ]Pmperties |
Eifes B s Baze Material  [4000Psi -
E el al Urits Ais Angle ]
: = A 11.5132
Bridge Section Name |BSECT KMN.m.C - 5 SR
2 : ST = z 132 8.8434
Bridge Section [Double Click Picture for Larger View) Mousge Coordinates- 122 164 6293
# Coordinate 123 0.
A52 3511
Y Coordinate A53 86251
533[+ace) 94013
Options S33(-face) £.2749
v Shaow Dats At Paints S22 (ptace] 235185
: : S522(Hface) 235188
[w Digplay Point Labels >33 0.0
[v Disable Corer Point Snap Z22 37,8071
Show Section Properties S Li7bd
Section Points ;22 3-??81 4
Shape Point Material | ¥ | hd |« -3 ;
- Yeg 1.4083
Reference Paink i 235 s =
Structural Polygon 1 1 4000P=i 0. 235 YEna 1 1;59
7 14, 23 =
3 14, 21
4 1346 21
5 13 1.95
5 125 0.
7 1.5 0.
g8 1. 1.95
9 0.54 21
10 0. 21
Opening Polygon 1 1 1.4397 16 0K
7 1.5897 1.78 Q
3 2.0497 14 Sl
4 4 NR7 19 LJ ‘—J

g s gl iy il a3-3
e A Jlaa¥ g sLiial
alilanl 4 5O ila glzal) g

eLiiall Lgdle aitial) adaliall
ais lgle S el Jualadll
2l =) )a) 5 liiall Julasl)
aqlal)

SECTION THREE |
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] gl Jlasly Aualdl Jglaali] 5
Distance V2 T M3
m KN KN-m KN-m
0 -3846.33 -3248.4028 9.13E-08
3 -2713.528 -3248.4028 9603.5677
3 -2713.528 -3248.4028 9603.5677
6 -1755.703 -3248.4028 16307.4144
6 -1755.703 -3248.4028 16307.4144
9 -797.878 -3248.4028 20137.7865
9 -797.878 -3248.4028 20137.7865
12 159.947 21094.6842
12 159.947 -3248.4028 21094.6842
15 1117.771 -3248.4028 19178.1074
15 1117.771 -3248.4028 19178.1074
18 2075.596 -3248.4028 14388.0562
18 2075.596 -3248.4028 14388.0562
21 3033.421 -3248.4028 6724.5304
21 3033.421 -3248.4028 6724.5304
24 3991.246 -3248.4028 -3812.4698
24 3991.246 -3248.4028 -3812.4698
27 4949.071 -3248.4028 -17222.9445
27 4949.071 -3248.4028 -17222.9445
30 5906.895 -3248.4028 -33506.8936
30 -5906.895 3248.4028 -33506.8936
33 -4949.071 3248.4028 -17222.9445
33 -4949.071 3248.4028 -17222.9445
36 -3991.246 3248.4028 -3812.4698
36 -3991.246 3248.4028 -3812.4698
39 -3033.421 3248.4028 6724.5304
39 -3033.421 3248.4028 6724.5304
42 -2075.596 3248.4028 14388.0562
42 -2075.596 3248.4028 14388.0562
45 -1117.771 3248.4028 19178.1074
45 -1117.771 3248.4028 19178.1074
48 -159.947 3248.4028 21094.6842
48 -159.947 3248.4028 21094.6842
51 797.878 3248.4028 20137.7865
51 797.878 3248.4028 20137.7865
54 1755.703 3248.4028 16307.4144
54 1755.703 3248.4028 16307.4144
57 2713.528 3248.4028 9603.5677
57 2713.528 3248.4028 9603.5677
60 3846.33 3248.4028 -1.91E-07
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(1) paall Juaal oy (AN Jaadl 42l Jlaaly Aalddl agsall 2.5

Distance Item Type V2 T M3
KN KN-m KN-m

0| Max 5343 1510.3236 4 70E-08

3| Min -460.957 -1486.3383 -160.2903

6| Max 68.072 1391.5158 2461.0797]

9| Max 162.582 1354.0393 3034.1326

9| Min -312.741 -1501.6317 -480.8708
12| Max 213.846 13409726 32853187
15| Max 288 466 1322 4154 3219.4134
18| Max 359.463 1305.8820 2896.0932
21| Max 445.822 1293.7786 2284 219
24| Max 505.588 1300.0102 1454 3221
27| Min -11.513 -1656.5703 -1442 6125
30[Min -587.74 -1361.7253 -1787.6743
33[Min -541.007 -1318.5232 -1442 6125
36(Min -486.715 -1296.0992 -1282.3222
39(Min -425 874 -1294 843 -1122.0319
42| Min -359 463 -1305.891 -961. 7416
45| Max 201.623 1538.2826 3219.4134
48| Max 244304 1624.4428 32853187
51| Max 32.741 1501.6317 3034.1326
51(Min -162.582 -1354.0393 -480.8708
51|Max 336.497 1491.945 3034.1326
51|Min -138.13 -1358 5773 -480.8708
54| Max 385.251 14847277 2461.0797
54(Min -91.543 -1379.6973 -320.5805
54| Max 410.18 1482.1281 2461.0797]
54(Min -68.072 -1391.5297 -320.5805
57|Max 460.957 1486.348 14602089
57(Min -53.43 -1420.0811 -160.2903
57| Max 486.736 1503.4516 1460.2089
57(Min -53.43 -1448.7809 -160.2903
60| Max 538.896 1551 9662 2 17E-08
60| Min -53.43 -1510.3236 -3.90E-08
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6. ANALYSES AT Box Girder slab top and bottom of the STAAD BRO

Analysis

Soltmars icemsd & e

Joi K Shest Mo [

deh Tils

By Dt jul-10 Cnd

Cheni

Fie Siruchared sid DateTime 03 jul-2010 2118

Job Information

Engineer

Checked

Name:

Diarte:

2-Jul-10

| Structure Type | SPACE FRAME |

Mumiber of Modes 10 | Highest Node

10

Mumiser of Elemants 12 | Highest Beam

12

Wumier of Basic Load Cases

2

Mumier of Combination Load Cases

1

Included in fvs prinfout are dafa for
IM The Whale Strusiue I

Mnciuded it s prnfout are reculls
Type Lic

for bed cases.

Rama

Primary

LOAD CASE 1

Prisnary

2 LOAD CASE 2

Combination

3 COMBINATION LOAD CASE 3

Beams

Beam | Node A (Mode B | Length

m}

[Froperty]

{-

1.200

1.200

2074

o | 4| B |

3.250

[=]

1800

2.074

4.000
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2.000

A | e || =i | h | | Lo | LS | -
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=

mfan| oo

4.000

el e 0 ] T I ] S S L

L]

{=]

2.000
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L Joiz g Shaeet o Re:
| 2
s |
bt aermcd be w Pt
Jab The Rt
By sz ul-10 i
Chem Fie Stnuctured.std DaleTime g2 jul-2010 21:18
Nodes
Hode x ¥ Frd
(] {mi {m)
1 -3.230 7.000 ]
2 10,50 ] 0,000
3 2,000 S5.000 0.300
4 8.530 T.0m 0.200
& -1.500 5,000 0,000
G 2060 7.000 0,300
i 5750 S5.000 0200
& 5.73a .00 0200
=] 1.750 5.000 0300
10 1,750 000 0,300
Section Properties
Prop Section Arsa L L. Jd Material
{om’) {om*) {em’) {em*)
1 Raot 0,20x1.00 3E 3 25E 8 J22EE 3 T3DE 2 | CONCRETE
2 Rect 0.4001.00 4E 3| 33E G 533E 3 1.6E 6 | COMCRETE
3 Rect 0.3501.00 35E 3| 2WIE B 357E 3| 111E & | CONCRETE
4 | Rect0,25x1.00 25E 3] 208E B| 130E 3| 439 3 | CONCRETE
Materials
[FT Hame ] v Demnsity @
ikidimm®} {kgim®) (1K)
STEEL 206,000 30d | vHIE 3 13-4
2 | ALUMINLIM G833 0330| 271E 3 23E -6
3 COMCRETE .78 A7 24E 3 10E -&
Supports
Hode x A i £ rx n [
(ke | e | om0 | v mideq) | (e mideg) | (edmideg)
3 Fioepd Fied Fiapd - = =
& Fiupd Fued Fipd s =
¥ Freerl Freerl Fread . -
B Fied Fieed Fixed - -
Releases
Thare is na dala of this type.
Fring TimeDiade: 02UT/2010 2138 STAAD Pro for Windows Ralsase 2006 Prisl Awn 2ol 3
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Eohware branssd 195 s
Jobs Tive Al
Hy Dvhu_a_J,’.Jn Ghd
Chert Fit Siructure? st [ateTime: o jul-2616 21:18
Basic Load Cases
[ Number Kame
1 LOAD CASE 1
2 LOAD CASE 2
Combination Load Cases
Comb. Combanation LIC Name Primary Primary LiC Hame Factar
3 COMBINATION LOAD CASE 3 1 LOAD CASE 1 1.00
2 LOAD CASE 2 1.00
Load Generators
Thare i o data of this type.
Selfweight : 1 LOAD CASE 1
Direction] Faclor
Y -1.000
Beam Loads : 2 LOAD CASE 2
Beam Type Direction Fa Da o [ Ecc.
[m} {m)
1 COM [T GY -10.000 0.250
COM kM =Y -T2.000 0.900
2 COM kN &Y -T2.000 0,300
COoM L] Led g =10.000 0950
5 COMN kM &Y ~T2.000 1.500
GO kN &Y -T2.000 2.700
3 COoM [ (=53 -72.000 1.100
COM KM Gy -T2.000 2300
1" CON ki &Y -T2.000 0,700
oM kM Led -2.000 2.000
SO kM GY -T2000 3,300
Prnl Tenatsin G20H25E 31305 STAAD Pro for Windows Releass 2008 Port S ad 3
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6.1.Deflecitons in the Box Girder concrit Bridg

Deflection of the dead load

6.2. Draw the moment B.M .D And S.f.D and critical at the loading
- Live Load and Dead Load in fig
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' S.F Datthe Dead Load |
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6.4.1COMBIANTION LOAD CASE1 (DAED LOAD + LIVE LOAD)

MOMENT AND SHAER 4 TRUCK
MAX Ve — Ve
AT THE SLAB
TOP __4658KNM \I
-.70575 KN.M
A

=

":‘"f:;’f
Le .-

o salect [Chisclick to bisgols sEection| PoMode Loed 31 CORBIMATION LO: Input Lisits: kKhe

|
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TT'-n.

WL\ i\ =) e S i
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6.4.2. — 3Truck in span two lain at 14 m width 4 lines

LOAD CASE: 2

COMBIANTION LOAD (DAED LOAD + LIVE LOAD) MOMENT AND
2-SHAER 3 TRUCK

Adhvamic el Conmection Desian

=5

2@ 1:LOADCASE 1
o SELFWEIGHT T-1
=0 2 LOADNCASE .

TR0 kN

o CONGY- 7217 ki
o COHGY-T28ThHm
of DONGY-22EHn

o OO GY 10 8 85khim
o DO GY -T2 8. 1kHm

o OONGY-TR21kMe

o CONGEY-T2 1.1k

& [ONGY-T211kMm
=B 3 COMBIMATION LOAD CASE 3

B i) Lowd 1

[ W v | b-ismd B gpon | 5 s | pogeny
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COMBIANTION LOAD ( DAED LOAD + LIVE LOAD) MOMENT AND
3- SHAER 2 TRUCK

Load L : Bending Z : Displacement
Moment - kNm

Max: 67.032 kNm

Max: 16. /( M}a\x: 16.804 kNm

b1||'|'1‘I TP LR

= L[ . AL . g M ?;‘
5562 kNm ?h i 8 !.27 kNm ;

1 181 kMm 270

A/Jé:rnl\x 10.995 kNm  /ZFMax:

M1 kN %k"mMi)Tw i‘ﬂ;fwﬁm: |
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DESIGN METHOD

6.3.1 —General
6.3.2 —The Service Load Design method

1. The depth of the slab or a rectangular beam

g= 2M _
B Q‘c*b*k*j)_

Area of reinforcing steel required .

As=-—2 = n=E 4rn (4000 - 4900)
Fsxj*xd Ec
K = n J= K
=—7 =13
n -+ fC

F'c =30Mpa — Fc = 0.4 %30 =12 Mpa
Fy =420 Mpa — Fs = 0.4 x420 = 168 Mpa
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Service Load Design (AASHTO . 8.15.)

4.1.Design of Top Slap-

Note :- The moment are taken from STAAD Pro2006 the critical
Moment

of Max (Positive and negative)

Moment of positive is =46.6=47 KN. m

+) —
M) =47KN.m

Es 200000 7748
n="— 0—=s————= /(=
ec  4700vFc
K n 8 0.362
= _ = 5 =—__ =0
Fc 12
K 0.363
]:1—§=—> =1—T=0.8786 = 0.879

d= (2 47« 10°) = 157.335 NO
~ \(12+1+036 r0879)) = —>/=°omm

its Less use @22 two Layer

in use d=H—7—cover

d= 300 — 22 — 25 = 253 mm

July 2010
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4.1.1 The Equation of Computing AS (main reinforcement of

slab)
o As = M
is AS = p—a T d
as=— 217100 osgm?
T 168+0879%253 "
(142 + 1)
use ® 14 area of bar = — - 154 mm?
. har — As _1258_8168
“no of bar = ashar 154

use 9914/ m or @14@100 mm

4.1.2 Distribution steel : AASHTO 3.24.10

S =Llarge Spacing between Girder S =4m

'J— 'J—

~ use = 0.605 * 1258 = 762 mm?

use @12 ~ as bar = 113 mm?

762

no.of bar = 13~ 6.7 use P12@150 mm

July 2010 Y
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Temperature :
AASHTO (8.20) Is used
As = in?/ft ofslab

As = (0.128)(25.4)? = 80.645 mm?/450mm

80.645 0.713
154

no .of bar = use 1014/500mm

Reinforcement for Negative Moment main

It’s the main R.c at top slab

-ve M topslab=70.57 =71 KN.m

J = 0.879 n=8 fs=168 MPa d=253 mm

as=— 21 g00mm?
> T168%0879%253 "
use P16 areaof bar in meter = o1 = 10016

Use @ 16@100mm in the Top slab

July 2010 - i@j
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Distribution steel : AASHTO 3.24.10

S =Lorge Spacing between Girder S=4m

oo S ; 0 > . 0
'J— 'J—

~ use = 0.605 * 1900 = 1150mm?

use @ 14 ~ as bar = 154 mm?

1150

Tea =8 use 0l4 @125 mm

no .of bar =

Temperature steel use 1912/450mm

July 2010
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Reinforcement for Negative Moment top slab

Note :- The moment are taken from SAP 2000..V-14 the critical
Moment

of Max (Positive and negative)

d=2075mm n=8 J=0.879 Fs=168 Mpa M =-35831 KN.m

35831 x 10°

= = 2,-’
168 = 0879 = 2075 L10934mm? - 30m

As

use @22~ as bar =308 mm? wuse @22 @100mm
See details fig(1)
M+ve = 25366 KN.m

—2536610°

= = 2
168 + 0879 2075 82782mm=/30m

As

use @22~ as bar =308 mm? wuse @22 @110mm at bottom slab

See details fig(1)
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4.2 Design of Slab Bottom

THE THICHNESS OF SLAB = 0.25m
Self weight of slab only for bottom slab
Self —weight = 0.25x 25=6.25 KN/m?
S=4m

g L WS 82542
- <10 _ T 10 |

Max Moment from STAAD pro =8.7 KN.m

Max Moment use M dead load = 10 KN.m

Design the steel of Slab Bottom

Assumed two Layers of steel
d=250 - 14- 50/2 = 186mm
J=0879n=8 Fs =168 Mpa

g Me10° o 1020°
WA T s s «d 0 T 168%0879+186 oA
@10 = 785 2_ﬁ—467
use area — O mm _785_ .
~ 5010 use® 10/210mm
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Method reinforcement
at the slab bottom

Reinforcement Parallel to girder. The minimum distribution

Reinforcement in bottom slab which can de provided in single layer
IS computed to satisfy the requirement of AASHTO (8.17.2.3.1)

AS = 0.004x(Area of bottom slab)
= 0.004x(0.25x11) =0.011m2
=11000mm?2

__ 11000
201

use 16 area.lbar = 201 mm?
016@180 ........fig(1)

N LI
—55~55(Z)11m

Reinforcement transverse to girder span . this Reinforcement is
provided to satisfy the requirement of AASHTO (8.17.2.3.2)

As=0.005*250*1000=1250mm2 use @12 /100 fig(1)

July 2010 - Qf’;’z
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Design Torsion :

We used area of steel from following table

[ AASHTO LRFD 2007 AA-ASD 2(ACI 318-05AISC-LRFD KN, m, C

KN.m, C |[SAP2000TIVEHA T

NO.OF BAR | AS(mm2) | AsTLong Vn Vs Ve DepthEffV M3 il V2 Station
Girder m2 KN KN KN m KN-m KN-m KN m
14@22/2layer 10745 0.010745| 6527705 438327 2134435 1.88| 4642E-08] -6776.453| -5750.98 0
14i@22/2layer 10611 0.010611] 4826.209| 2691.855| 2134 435 1.88| 11723.9517| -6691.533| -4243 698 3
14i@22/2layer 10563 0.010563] 4775365 2640893 2134435 1.88| 11723.9517| -6661.5055| -4108.584 3
14i@22/2layer 10552| 0.010552| 3323573| 11808.138| 2134 435 1.88| 19823.252| -6654.2189| -2912 444 [
14i@22/2layer 10559 0.010559] 3274.33| 1138.895] 2134 435 1.88| 24691.1574| 6658.6846| -2868.819 6
14i@22/2layer 10579 0.010579] 2975402 840967 2134435 1.88| 30481.9653| 6671.3804| -1586.217 9
14@22/ 2layer 8776] 0.008776) 2975.402| B840.967| 2134.435 1.88| 17282.484| -5534.4395| -1306.96 9
14@22/2layer 10606 0.010606| 2975.402| 840.967| 2134.435 1.88| 24330.7092| -6688.359| -1544.645 9

0 0| 2975.402| 840.967| 2134.435 1.88 23433.74| -553.9938| -433.4572 9
14@22/2layer 10648| 0.010648| 2975.402| 840.967| 2134.435 1.88| 25246.3234| 6715.2281| 574.164 12
14@22/2layer 8846| 0.008846| 2975402 B840.967| 2134 435 1.88| 17863.1839| -5578.2871| -322 689 12
14@22/2layer 10669 0.010669| 2975402 840967 2134435 1.88| 25246.3234| 6728.2999| 618288 12
0 0| 2975402| 840967 2134435 1.88| 247345235 -H87.7983| 662307 12
14@22/2layer 10708 0.010708| 2975402 840967 2134435 1.88| 22570.0844 675254 180203 15
14i@22/2layer 8905| 0.008905| 2975402 840.967| 2134 435 1.88| 15867 7568 -5615589| 653153 15
14i@22/2layer 10726| 0.010726| 2975402 840967 2134435 1.88| 22570.0844| 6763.9546| 1944 231 15
0 0| 2975402 840967 2134435 1.88| 228942701 -619.5806| 1553.011 15
14i@22/2layer 10761 0.010761| 3674.756| 1540.321] 2134 435 1.88| 16302.0224| 6786.0673| 3223556 18
14i@22/2layer 10778 0.010778] 3719.58| 15685155 2134 435 1.88| 16302.0224| 6796.9531| 3263274 18
14i@22/2layer 10815 0.010815| 5157.432| 3022.997| 2134 435 1.88| 64421072| 6820.1629| 4537057 21
14@22/ 2layer 10836 0.010836] 5198.811| 3064.376] 2134.435 1.88| 6442.1072| 6833.7884| 4573.715 21
14@22/2layer 10885 0.010885| 6629.104| 4494.669| 2134.435 1.88| -7009.651| 6864.5598| 5840.809 24
14@22/2layer 10914| 0.010914| 6666.386| 4531.951] 2134.435 1.88| -7009.651| 6882.7639| 5873.837 24
0 0| 8087.838| 5953.403| 2134 435 1.88| -20624.4189| -1753.0879 71331 27
0 0| 8120.381| 5985.946| 2134 435 1.88| -20624.4189| -1730.9765| 7161.929 27
0 0| 9531.642| 7397207 2134435 1.88| -41800.9687| -1677.4841| 8412164 30
0 0| 9531.642| 7397 207 2134 435 1.88| -45011.8721| 1677.4841| -8412 164 30
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Design of the wipe Concrete Refrains

4.3 The interior girders Given Fs=166 Mpa Mu=

+7963.75KN.m S

Moment positive

bf=2000mm

dp
d=h—7—cover—ds—25= 2075 mm

assume to loger # 32

d =2200—-50—-32 —-16 — 25 = 207/5mm <

M 7963.75x10°
As = = = 24923mm?

fs ( - %) 166 (2075 — 2°)

Area of bar #32 = 804.5

24923

= 8045 - 31032 in bottom slab

Moment negitive = —11498

As = — 11498° 300< = 35521mm?
166 (2075 — =5-)
= As = 35521 = 44Q32 in top slap
asbar 8045

fig (4)  &fig(5)
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4.4The exterior girders Given : Fs =166 Mpa

Moment positive Mu=5171KN.m

d =2200—-50—-32 —-16 — 25 = 20/5mm

M 5171x10°

As = = 300< = 16182mm?

fs ( - %) 166 (2075 — =)

Area of bar #32 = 804.5

_ 10182 20032  in bott lab
= 8045 in bottom sla
Moment negitive = —7778kn.m
7778x10°
As = — 300~ 24116mm?
166 (2075 — =5-)
_ 16182 30032 int lab
= 8045 intop sla
Fig(2)& Fig(3)

Longitudinal skin reinforcement over the web heights. According to
AASHTO(8.17.2.1.3)

Ay = 0.001(d, — 760) = 0.001(2075 — 760)
_ 1.315mm?2

~ mm of height

Use @ 16 /300 atweb Fig(1-2-3-4)
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Design for shear at interior web of girders
We have only two girder need to design of it for shear :-

And from SAP 2000 taken the result :-
Check for shear :-
Vu = 1078KN b, =300mm d=2075mm
form (AASHTO .Eq.812)

|74
Shear stress,v = bw_d
_1078x1000 _ 173 M
T 300x2075  '0MPe

1 —Vc = 0.079vFc = 0.079V/30 = 0.432MPa
v—vc=173-043 = 13Mpa
2 —0.33Vfc = 1.807 Mpa
v—Vc <0.33\/f_c - 0.k
1.3 < 1.807 - 0.k

use @16 tow — Leggd Strirrps
As = 2(202) = 404mm?
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-inone web (interior Girder ) The required spacing

G = Avfs ~ 404x168 174
W =Vec)b,  (1.3)(300) _ mm

provide @ 16 two — Legged strirrps  @l50mm o.c Check

for minimum shear reinforcemity at all Fig(1-2-3-4-5)

(form AASHTO0 8.19.1)

July 2010 e QQZ
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Reinforcement layout:
1. Reinforcement cutoff

The extended length at cutoff for positive moment reinforcement,

ef fective depth of the section = 2075mm
The largest of = 15db = 480mm
0.05 of span length = 0.05(30000) = 1550mm

Use lg=2100mm

.The extended length at cutoff for negative moment reinforcement,

The largest of

ef fective depth of the section = 2075mm
= 12db = 384mm
0.0625 * (clear span length = 0.0625(30000) = 1875mm

Use lg=2100mm

July 2010
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1\?,_1.'- |'.'|.

iy %,
o,

5.1.Calculation Moment of | nertia

14M

Concrete
slopina 15 cm

N

2) -
3 5
g 3
0.3m ) ) =
(4 > e N
(9N
v *0. 5m
5)
7y
35m am |, 35 =|Q.5m‘: 1m,
Area*d?
Area* Y
NO section Area(m-) | Yo (m) e d(m) | (ma)
(m?) (ma)
1 | (0.5%7*0.15)*2 1.05 2.25 2.363 0.898 0.847 1.313*10- 3
2 (0.3%7)%2 42 2.05 8.61 0.698 2.05 0.0315
3 | (0.5%0.1%1)*2 0.1 1.867 0.1867 0.515 0.027 5561075
4 (0.3*1.65)*4 198 | 1075 2.1285 0.277 0.152 0.45
5 0.25%11 275 | 0.125 0.344 1.227 4.14 0.0143
5 10.08 13.632 7.216 0.497
A * Yb 13.632
Ye=y 52 2 = =1352m
Area 10.08
lg=>(lo+A*d?) =0.497 +7.216 =7.713 M4
Page ?f-x
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5.2.Check the crack:

Check if the neutral axis lies in the flange or the web by taking the moment of areas
about the bottom face of the top slap. The overhangs are assumed to have

rectangular cross section for this computation
14000*300*(0.5*300) 2 8*82033*(2077-300)
630%10° < 1166.181128+10°

Hence, the neutral axis lies in the web and the section has to be analyzed as a T-

beam for simplicity, the overhangs and the Fillets are neglected in this computation

Taking the moment about the neutral axis
14000*300*(y - 0.5*300) +4*300*0.5*(y — 300)2 = 8*82033*(2077 — )
= (4.2%1076 y) — (630*10"6) + 600(y? - 600y + 90000) = 1363060328 — 656264y
= (4.2*1076 y) — (630*10"6) + 600y? -(360*10%y) + (54*10"6) = 1363060328 — 656264y
= 600 y2 + 4496264 y - 1939060328 =0

= y2+7493.8y - 3231767.2=0

Solving = y =408.94 mm

Page

%
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The moment of inertia of the cracked section is:

14000%3003 300 300%(408.94—-300)3

lor = [T + (14000 * 300) * (408.94 — 222 +8 % 82033 *

(2077 — 408.94)2|
= (3.131096791* 10M11) + (1.826521968* 10°12)
—> |l =2139631647-10"12 mma4

Stresses in concrete and reinforcement can be calculated from the flexure formula:

_ Myt
Icr

Fc

_ 25366%10°%408.94
© 2.139631647%1012

Fs=n(Myb)

Icr

— 4.848MPa < 0.4*30 = 12 MPa OK

_3 (25366*106*(2077—408.94)

2.139631647+1012 ) = 1582 MPa < 168 MPa  OK

N
)

July 2010
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5.3.Check for deflection:

From AASHTO 8.15.2.1.1 & AASHTO LRFD 5.4.2.6

Fr=0.623VF'c =0.623*/30 = 3.41 MPa
lg="7.713 *10"12 mm4 Yt = 1352 mm
From AASHTO 8.13.3 Eq.8.2

Frxl 3.14%7.713%1012
Me = ——8 =2""2722""7  —17913.33KN.m
Yt 1352%10°

From AASHTO 8.13.3 Eq.8.1
Mer\ S Mer) S
le= (Ma) lg + [1— (Ma) ]'cr < Ig

_ (17913.33)3 77134 [1 _ (17913.33)3] £214

25366 25366
= 271642 + 1.38632
= le=4.103 ma < g OK

July 2010 K@j
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The Max Continues Deflection:

Mc= 947 KN.m = 698.47 kip.ft L =98.42 ft

Ic = 2,14 m4 = 5.141370*10" ina

D.F=3.28 =13 Es = 29000 ksi
Pr=4*2*4*3.28*1.3 = 136.448

1- HS20 Truck Loading:

300
Noap = T [P-(L® + 3.89L% — 680L + 5910) — 0.32M L?]
Stc
P 300 [136.448
0-4L ™ 29000 % 5.14 * 106 '
x (98.423 + 3.89 % 98.422 — 680 * 98.42 + 5910) — 0.32 * 698.47
x 98.422]

=025in=637mm < — =329
800 800

=37.5mm OK

2- Lane Loading:

2

= + 1. — 4.
A T [L(W,L + 15P, — 45M)]
A 43 + 98,427 [98.42(1.364 * 98.42 + 1.5 % 38.37 — 45

- % k —

2 % 29000 * 514 106 - o ' : : :
* 698.47)]
=0.4058in=103mm< — =329 _375.mm OK
800 800
July 2010 B&@i
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5.4.Check for Fatigue Stress Limit:

From Bridge Engineering Handbook, Chen, Duan (CRC 1999):

ff=145—0.33fmin+ 55 (%) Eq (9.9)
M
fmin - Ag ]?d
(%) =03 j=0.879 d = 2075 mm
1- For Positive Moment:
Mp = 18225KN.m  Mp.,y = 25366 KN.m As =82782

mm?

18225%10°

. = =121 MPa
fmin 82782x0.879%2075

25366 * 10°

fmax = g5785 7087952075 oS MPa

fmax - fmin =168 — 121 =47 MPa

[ f=145-(033+121)+(55+03)= 121.6 MPa > 47 Mmpa  OK

JUIy 20] O Page ﬁﬁ
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2- For Negative Moment:
Mp = 32400 KN.m Mp,;. = 35831 KN.m As=116934

mm?

32400%10°

= = 152 MPa
fmin 116934x0.879%2075

~ 35831 * 106 e8P
fmax = 17693270879 % 2075 a

[ f=145-(0.33+152)+(55+0.3)= 111 MPa > 16 MPa OK

July 2010 e  go B
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