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Type of Load, Foundation Type, and Load Factor
Method Used to Calculate Downdrag Maximum || Minimum
DC: Component and Attachments 1.25 0.90
DC: Strength IV only 1.50 0.90
DD: Piles,a Tomlinson Method 1.4 0.25
Downdrag| Piles,. Method 1.05 0.30
Drilled shafts, O’'Neill and Reese (1999) Method 1.25 0.35
DW: Wearing Surfaces and Utilities 1.50 0.65
EH: Horizontal Earth Pressure
e Active 1.50 0.90
» At-Rest 1.35 0.90
¢ AEP for anchored walls 1.35 N/A
EL: Locked-in Construction Stresses 1.00 1.00
EV: Vertical Earth Pressure
e Overall Stability 1.00 N/A
* Retaining Walls and Abutments 1.35 1.00
* Rigid Buried Structure 1.30 0.90
* Rigid Frames 1.35 0.90
¢ Flexible Buried Structures other than Metal Boxv@uts 1.95 0.90
¢ Flexible Metal Box Culverts 1.50 0.90
ES: Earth Surcharge 1.50 0.75
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FHWA bridges inspection manual 2006.

MOMRA bridges design specifications (MA100-D-V1/2\&/2).
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Frecast voided slab section and shear ke ¥
Precast Prestressed Box Section Properties
Section Dimensions Section Properties
Span ft Width B in. Depth D in, Ain? ¥, in. L in® & in? 5, in?
(m) (mm}) (mm) {mm? 105} (mm) (mm* 10%) (mm?* 10¢) {mm® 10%)
50 48 Fir 693 13.37 65,941 4,932 4,838
(15.2) (1,219} {686} (L4471} (3310u6) (27.447) {80.821) (710.281}
& 48 33 733 16,33 110,499 6,767 6,629
(18.3) {1,219) {B38) ((L4858) (414.8) (45.993) (110.891) (108.630)
70 48 39 813 110029 168,367 8,728 8,524
(21.4) (1,219} {991) (0.5245) (420.0) (70.080) (143.026) {1310.683)
&0 48 42 843 20.78 203,088 9,773 9,571
(24.4) (1,219) [ 1,067) (0.5439) {527.8) (84.532) {160.151) (136.841)
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Types oI, Il and 1V
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AASHTD Beam
Types ¥ and IV

Precast Prestressed I-Beam Section Properties

Section Dimensions, in. {mm)}

AASHTO
Beam Type Depth D  Bottom Width 4 Web Width T Top Width B c E F G
il 36 (914) 18 (457) 6 (152} 12 (303) 6 (152) 6 (152) 3(76) 6 (152)
1 45 (1143} 22 (559) 7 (178) 16 (406) 7(178) 7.5(1%1) 4.5(114) 7(178)
v 54 (1372) 26 (660} 8 (203} 20 (508) &-(203) 9(229) 6(152) & (203)
v 65 (1651) 28 (711) 8 (203) 42 (1067) 8(203) 10(254) 3(76) 5(127)
VI 72 (1829) 28 (711) 8 (203) 42 (1067) B(203) 10(254) 3(76) 5(127)
Section Properties
Ain? ¥y in. { m?* 5 in2 5, in? Span Ranges, ft
(mm? 10¥) (mm) (mm* 107} (mm?* 10%) (mm? 10%) (m)
Il 369 15.83 50,980 3220 2528 40 ~ 45
(L2381} (402.1) {21.22) (5277) (41.43) (122 ~ 13.7
I 564 2027 125,390 olie 5070 30~ 65
((L3613) 1514.9) {52.19) (101.38) (#3.08) (152 ~ 110.8)
IV 789 24.73 260,730 10543 BO0E 70 ~ 80
(0.5090) {628.1) {108.52) (172.77) (145.98) (21.4 ~24.4)
v 1013 31.96 521,180 16307 16791 20 ~ 100
((L6535) {811.8) {216.93) [267.22) (275.18) (27.4 ~ 30.5)
i 1085 36,38 733,340 20158 M)588 110 ~ 124
{0.7000) {924.1) {305.24) (330.33) (337.38) (335 ~ 36.6)
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Precast Box Section and Sheué Key

Precast Prestressed Box Section Properties

*‘Lr._

Section Dimensions

Section Properties

Span ft Width B in. Depth D in. Aimn? ¥, in. I in* &, in.? & in?
{m) (mm) {mm) {mm? 10%) (mm} (mm* 10%) (mm?® 10¢) (mm?® 10%)
50 48 a7 693 13.37 65,941 4,932 4,838

{15.2) {1.219) (68A) ((4471) (3310.6) [27.447) (B0.821) (710.281)
&l 48 33 733 16,33 110,459 6,767 6,629

(18.3) {1,219) [B38) (04858 (414.8) (45.993) {110.891) (108.630)
70 48 30 BI3 110,29 168,367 B,728 3,524

(21.4) {1,219} {901) (0.5245) (490.0) (70,0800 {143.026) (1310.683)
E0 48 47 B43 20.78 203,088 Q.77 9.571
[24.4) {1,219) (1.067) ((5439) (527.8) (84.532) (160.151) (1536.841)
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11-1-INTRODUCTION

This design example demonstrates the design 36.80 m single span post tensioned
bulb-tee beam bridge with parabolic tendon proéited with no skew. This example
illustrates in detail the design of a typical imeteam at the critical sections in positive
flexure, shear, and deflection due to prestressaddwads and live load. The
superstructure consists of eight beams spacgda@tmcenters, as shown Figure 10-1
Beams are designed to act compositely withaZ5@ mm cast-in-place concrete deck to
resist all superimposed dead loads, live loadsimapact. A future wearing surface 50
mm is considered in addition to tf#50 mm deck. Design live load is according to
MOMRA live load The design is accomplished in adaorce with the MOMRA LRFD

Bridge Design Specifications

13450

3lanes @3650mm=10950

300

40, 300 40

: Lane= 3650 Lane= 3650 Lane= 3650 1000

Side walk
T | .
200 > S0mm future wearing surface 250mm Uniform Deck Thickness =

‘ |

1680
845 7 spaces @1680mm=11760 845

S

Figure 10-1 Bridge Cross-Section (all dimensions arin mm)

11-2-MATERIALS

Cast-in-place slab

Actual thicknessts = 250 mm.

Future wearing surface = 50 mm.

Concrete strength at 28 days,= 28 MPa.
Precast beams: Bulb-tee as showRigure 10.2

Concrete strength at transf&y, = 40 MPa.

Concrete strength at 28 days,= 45 MPa

'YV
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Concrete unit weightyc = 2400 Kg/m.

Overall beam lengthL) = 37.50 m

Design spanl(;) = 36.5 m.

1660

130
. : 100
: : .
100
id

655 350

1850

180 |

Figure 10.2: Bulb — Tee Dimensions (mm)

Prestressing strands

15.24 mm Nominal dia., seven-wire, low-relaxation

Area of one strand = 140 nim

Ultimate strengthf,, = 1862 MPa

Yield strengthfyy, = 0.9, = 1675.80 MPa [MA-100-D-V1/2 Table 5.3]

Stress limits for prestressing strands: [MA-100-D-V1/2 Table 5.8]

YYA
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» before transferf, < 0.75,, = 1396.50 MPa
* At service limit state (after all lossefgy < 0.8~ 1340.64 MPa.

Modulus of elasticityF, = 197000 MPa [MA-100-D-V1/2 Art. 5.4.4.2]
Reinforcing bars: Yield strengthy,= 413.70 MPa

Modulus of elasticityEs = 200000 MPa [MA-100-D-V1/2 Art. 5.4.3.3]
Future wearing surface: 50 mm asphalt, unit weigh® kN/n?.

New Jersey-type barrier: Unit weight = 7.2 kN/mésid

11-3-CROSS-SECTION PROPERTIES FOR A TYPICAL INTERIOR BEA M
11-3-1-Span Depth Ratio

Using[MA-100-D-V1/2 Table 2.1]

11-3-2-Non-Composite Section
At mid span:

A = area of cross-section of beam = 991000°mm
h = overall depth of beam = 1850 mm.

I = moment of inertia about the centroid of the womposite precast beam = 401

x 10° mnd.

yp= distance from centroid to extreme bottom fibertlod non-composite precast

beam = 1014 mm.

y: = distance from centroid to extreme top fiberhad hon-composite precast beam
=836 mm.

S = section modulus for the extreme bottom fibertted non-composite precast
beam = If, = 395463510.8 mrh

VY4
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S = section modulus for the extreme top fiber of tle@-composite precast beam =
I/y; = 479665071.8 mi

At end block:
A = area of cross-section of beam = 1450000’mm
h = overall depth of beam = 1850 mm.

| = moment of inertia about the centroid of the womposite precast beam = 464

x 10° mm.

Yp = distance from centroid to extreme bottom fibethe non-composite precast

beam = 1005 mm.

y: = distance from centroid to extreme top fiberh#d hon-composite precast beam
=845 mm.

S = section modulus for the extreme bottom fibertted non-composite precast
beam = If, = 461691542.3 mth

S = section modulus for the extreme top fiber of tle@-composite precast beam =
ly; = 549112426 mrh

Average beam weigh¥); = 25.24 kKN/m.

E. = modulus of elasticity, MPa = (300{f.)+6900) {/2300}TMA-100-D-V1/2
Eq. 5.8]

Where:

vc = Density of concrete, Kg/ffre 2400 Kg/n.
fc = specified strength of concrete, MPa.
Therefore, the modulus of elasticity for:

Cast-in-place slaltk. = (3000V(28)+6900) (2400/2306§ = 24275.83 MPa.

AR
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Precast beam at transf&g; = (3000V(40)+6900) (2400/2306F = 27579.29 MPa.

Precast beam at service loaffs,= (3000V(45)+6900) (2400/23067 = 28806.1
MPa.

11-3-3-Composite Section

11-3-3-1-Effective Flange Width

Average spacing between beams = 1680 miMA-100-D-V1/2 Art. 4.6.2.6.1]

Therefore, the effective flange width is = 1680 mm.

11-3-3-2-Modular Ratio between Slab and Beam Materials

Modular ratio between slab and beam materials= E: slab E: beam
=24275.83/28806.1 = 0.8427.

11-3-3-3-Transformed Section Properties
Transformed flange width = (Effective flange width) = (0.8427) x (1680)
=1416mm

Transformed flange arean=X Effective flange widthX t=0.8427X 1680 X 250
=353934 mrf

1680
1325 . ‘

Figure 10.3.3.3-1a Dimensions of the Composite Sect (mm)
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€ of bearing
C of Beam

2000 1000 15750
L/2=18250
L/2=18750

Hlevation of prestressed girder

g

1- Properties of Composite Section

A = total area of the composite section = 1321006 m
h. = overall depth of the composite section = 2100.mm

Ic = moment of inertia of the composite section = 83 mn".

Yo = distance from the centroid of the compositeisedd the extreme bottom fiber of

the precast beam = 1254 mm

Yig = distance from the centroid of the compositeisedio the extreme top fiber of the

precast beam = 596 mm

Yic = distance from the centroid of the compositeisacio the extreme top fiber of the
deck = 846 mm

S =composite section modulus for the extreme botfdar of the precast beam =
(I/ybd= 503987241 mrh

Sy = composite section modulus for the top fiber loé tprecast beam ) =
1060402685 mrh

Sc = composite section modulus for extreme top fiifethe deck slab = (&) % (I / i)
947065057 mrh

11-4-SHEAR FORCES AND BENDING MOMENTS

The self-weight of the beam and the weight of teekdact on the non-composite, simple-
span structure, while the weight of barriers, fatwearing surface, and live loads with
impact act on the composite, simple-span structeder toTable 10.4-1which follows

Section 10.4for a summary of unfactored values calculatedwelo

\YY
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11-4-1-Shear Forces and Bending Moments Due to Dead Loads

11-4-1-1-Dead Loads [MA-100-D-V1/2 Art. 3.3.2]

DC = Dead load of structural components and namcgiral attachments

Dead loads acting on the non-composite structure

Beam self-weight = (991000x31500 +1450000x4000 $00R0x2000)/ 37500 x
2400 x 10 (N/Kg)/1000= 25.24 kN/m

deck slab weight (250 mm) = 250 x 1680 x 2400 ¥N/&g)/1000 = 10.08 kN/m

Note:

Dead loads placed on the composite structure

MA-100-D-V1/2 Article 4.6.2.2.Xstates that permanent loads (barriers and futesging
surface) may be distributed uniformly among allraeaf the following conditions are

met

» Width of the deck is constant..............ccocciiiiii i K
* Number of beams, f\is not less than four (Ne 8)......ccovvvviiniinnnin. O.K.
* Beams are parallel and have approximately the sdiffreess............... OK.

» The roadway part of the overhang<0.91 m; de=0.91 - 0.75 =0.16...0.K.
* Curvature in plan is less than the limit specifiedVA-100-D-V1/2 Art 4.6.1.2.4
(curvature = 0.0)....ov i OLKG

* Cross-section of the bridge is consistent with oithe cross-sections given in
MA-100-D-V1/2 Table 4.3. .. .. e e e e e e e e e e
O.K.

Since these criteria are satisfied, the barrier am@dring surface loads are equally
distributed among the 8 beams

Barrier weight = (2 barriers x 7.2 kN/m) / (8 beamsl.80 kN/m/beam
DS = Dead load of side walk = 0.25 x 1.0 x 22 870 kN/m/ beam

DW = Dead load of future wearing surface = (0.061x65 x 22) / 8 = 1.60 kN/m/ beam

\vry
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11-4-1-2-Unfactored Shear Forces and Bending Moments

For a simply supported beam with spai lpaded with a uniformly distributed load/),
the shear forceMx) and bending moment,) at any distancex] from the support are

given by
Vx =w(0.5L - X) (Eq. 10.1)
Mx = 0.5v x (L —x) (Eqg. 10.2)

Using the above equations, values of shear forodsb@nding moments for a typical
interior beam, under self-weight of beam, weightsiatb, weight of barriers, weight of
side walk and future wearing surface are computedshiown inTable 10.4-1 For these
calculations, the span length) (is the design span, 36.5 m. However, for calautat of
stresses and deformation at the time prestresdeiased, the overall length of the precast

member, 37.5 m, is used as illustrated later s ¢lxample

11-4-2-Shear Forces and Bending Moments Due to Live Loads

11-4-2-1-Live Loads MA-100-D-V1/2 Art
3.6

Design live load is MOMRA loads which consists afanbination of:

1. The effect of the design tandem with dynamic alloee combined with the effect of
the design lane load

The design tandem consists of a pair of 250 kN saxdpaced at 1.2 m apart
(longitudinally), the design lane load shall cohss$ a load of 20 kN/m uniformly
distributed in the longitudinal direction.

> >

X N XN
° g gt
22 22

1200 mm 20KN /m/ lane
\ \
36500
Ie‘ft reaction right reacti&n

Figure 10.4.2.1-1: Design tandem combined with theffect of the design lane load

2.The effect of one design truck with the variabléeaspacing with dynamic allowance
combined with the effect of the design lane load.

\Y¢
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peO| 3IXY
NX 092
N
NX 092
peo| 9|XY
N 08

4300 mm (min) 4300 mm 20KN /m/ lane

y9000 mm (m axy

-
-
-t

36500

Ie‘ft reaction right reacti&)n

Figure 10.4.2.1-2: One design truck with the varible axle spacing with the effect of
the design lane load

The live load bending moments and shear forcesletermined by using the simplified
distribution factor formulasjMA-100-D-V1/2 Art. 4.6.2.2] To use the simplified live
load distribution factor formulas, the followingraitions must be mgiMA-100-D-V1/2
Art.4.6.2.2.1]

» Width of the deck is constant..............ccocciiiiii i K
* Number of beams, f\is not less than four (Ne 8)......ccovviiiniiennin. O.K.
* Beams are parallel and have approximately the sdiffreess............... OK.

» The roadway part of the overhanlg<0.91 m; de=0.91 — 0.75 = 0.16...0.K.

* Curvature in plan is less than the limit specifiedVA-100-D-V1/2 Art 4.6.1.2.4
(CUNVALUIE = 0.0) ...ttt et et e e e e e e e e O.K.

* Cross-section of the bridge is consistent with oithe cross-sections given in
MA-100-D-V1/2 Table 4.3 ..o e e e e e e e ae e
O.K.

For precast concrete I- or bulb-tee beams with-iceptace concrete deck, the bridge type
is (k).[MA-100-D-V1/2 Table 4.3]

Precast Concrete | or Bulb-Tee Cast-in-place concrete, J’

Sections precast concrete
(k)

The number of design lanes is computed as

Number of design lanes = the integer part of thie & (w/3.65), wherew) is the clear
roadway width, in m, between the barriers [MA-100-D-V1/2 Art. 3.6.1.1.1]

FromFigure 10.1-1w=1255m

\ye
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Number of design lanes = integer part of (12.5%B63 lanes

1- Distribution Factor for Bending Moment
For all limit states except fatigue limit state:

* For two or more design lanes loaded:

DFM = 0.075 ﬁ)% (Lil)o'2 (Llfig)o'l [MA-100-D-V1/2 Table 4.4]

Provided that: 110& S< 4900; S=1680mMm..........ccceiiiiiiiiiiee e 0K
110< ts < 300; f6 = 250 MM eoeeeeeeeeeeeeee e ee e eee oo 0K
6000< Ly < 73,000; L= 36500 MM rvrveeeeese e eee e eee e eeeeee e O.K.
Np > 4; N = Beveeeeee et eee e eee oo O K.
4x10 SKg< 3 x10%(SE DEIOW)......uvvveeiie e e 0.K

Where

DFM = distribution factor for moment for interioeadm

S= beam spacing, mm

L = beam span, mm

ts = depth of concrete slab, mm.

Kq = longitudinal stiffness parameter, thmn(l + Ag’)  [MA-100-D-V1/2 Eq. 4.14]

Where:

n = modular ratio between beam and slab materials

_ (Ec (beam)> _ ( 28806.1 ) _1.186

E¢ (slab) 24275.83
A = cross-sectional area of the beam (non-compssitéon), mm
| = moment of inertia of the beam (non-compositéisey; mnf

g, = distance between the centers of gravity of genband slab, mm
= (836 + 250/2) = 961 mm.
Therefore

Ky = 1.2677 x (401x 10+ 991000 x 963 = 1.46 x 16" mm

0.6 0.2 , \0.1
DEM = 0.075 (%) x (316658000) x (%) = 0.4277 lanes /beam.

« For one design lane loaded:

DFM = 0.075 i)o'4 (1)0'3 (i)o'1 [MA-100-D-V1/2 Table 4.4]

4300 L, Ly t3
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0.3 2 \01
DEM = 0.06 4(1232) x(3166580°0) x (%) = 0.2995 lanes /beam.

Thus, the case of two or more lanes loaded condgrodsDFM = 0.4277 lanes/beam.

* For fatigue limit state:

The MA-100-D-V1/2, Art. 3.4.Lstates that for fatigue limit state, a singleigies
truck should be used. However, live load distribatfactors given itMA-100-D-
V1/2 Article 4.6.2.2take into consideration the multiple presencediactn. MA-
100-D-V1/2 Article 3.6.1.1.&tates that the multiple presence factor,for one
design lane loaded is 1.2. Therefore, the distiobutactor for one design lane
loaded with the multiple presence factor removedputd be used. The
distribution factor for fatigue limit state is: @25/1.2 = 0.2495 lanes/ beam.

2- Distribution Factor for Shear Force
* For two or more lanes loaded:

S S \?2

DFV = 0.2 —) ; ( ) [MA-100-D-V1/2 Table 4.9]

3600 10700
Provided that: 1108 S<4900; S=1680 MM .......coevvviiiriiiiniiinnnnn. O.K.
110<ts<300;ts= 250 MM ..oiiriiiiiiii i e . OKG
6000< L1 <73,000; L1 = 36500 MM....cirriniiieiiiieiie e e e O.K.
ND > 4 ND = Qi OK.
Where

DFV = Distribution factor for shear for interior &
S = Beam spacing, mm

Therefore, the distribution factor for shear foixe

DFV =0.2 (@) (1680) = 0.642 lanes/ beam.

3600 10700

 For one design lane loaded:

DFV = 0.36 {—) =036 {>==) = 0.581 lanes/ beaifMA-100-D-V1/2
7600 7600
Table 4.9]

Thus, the case of two or more lanes loaded contrmdsDFV = 0.642 lanes/beam.

11-4-2-2-Dynamic Allowance

IM = 33% [MA-100-D-V1/2 Table 3.8]
WherelM = dynamic load allowance, applied to truck loadasdem load.
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11-4-2-3-Unfactored Shear Forces and Bending Moments

1- Due To Truck Load; V,rand M, r
« For all limit states except for fatigue limit state

Shear force and bending moment envelopes on aaperdasis are calculated at
tenth-points of the span using the equations gbedow.

However, this is generally done by means of comrallycavailable computer
software that has the ability to deal with movingds. Therefore, truck load shear

force and bending moments per beam are
V.t = (shear force per lan®FV)(1 +IM)
=(shear force per lane)(0.642)(1 + 0.33)

=(shear force per lane)(0.854) kN
M.t = (bending moment per lanBEM)(1 +IM)

=bending moment per lane)(0.4277)(1 + 0.33)
=bending moment per lane)(0.569) kN.m

Values ofV, r andM,~ at different points are given fable 10.4-1

* For fatigue limit state:

Art. 3.6.1.4.1 in the MA-100-D-V1/3pecificationsstates that the fatigue loads is
a single design truck which has the same axle weigkd in all other limit states

but with a constant spacing of 9.0 m between tlekPr6axles
Therefore, bending moment of fatigue truck load is
Mt = (bending moment per lane)(DFM)(1IM)

=bending moment per lane)(0.2495)(1 + 0.15)

=bending moment per lane)(0.287) kN.m

Values ofM; at different points are given fable 10.4-1

2- Due To Design Lane Load;V;; and M,,

To obtain the maximum shear force at a sectiontéacat a distancex)( from the left
support under a uniformly distributed load of 20 kN / lane, load the member to the
right of section under consideration as shownFigure 10.4.2.4.2-1 Therefore, the
maximum shear force per lane is:

YA
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Vi= () forx < 051 (Eq. 10.3)

WhereVy is in kN/lane and. andx are in m.

20KN /m/ lane

X | 36500 -x > X

36500

ft reaction right reaction

o)

Figure 10.4.2.2-1: Maximum Shear Force Due to Desid.ane Load

To calculate the maximum bending moment at any@gatiseEq. (10.2)

Lane load shear force and bending moment per tiyjitaior beam are as follows

V.. = (lane load shear force)(DFV)
= (lane load shear force)(0.642) kN

For all limit states except for fatigue limit state
M. = (lane load bending moment)(DHEM
=lane load bending moment)(0.4277) kN.m

Note that the dynamic allowance is not appliechtodesign lane loading

Values of shear forces and bending momenisandM,, are given infable 10.4-1

11-4-3-Load Combinations

MA-100-D-V1/2 TABLE 3.1Load combinations and load factors

Total factored load shall be taken as:

Q =n3yiq; [MA-100-D-V1/2 Eq. 3.1]
where

n = a factor relating to ductility, redundancy and [MA-100-D-V1/2 Art. 1.3.2]
operational importance (Hengjs considered to be 1.0)

vi = load factors [MA-100-D-V1/2 Table 3.1]
g = specified loads

Investigating different limit states given MA-100-D-V1/2 Article 3.4.1 the following
limit states are applicable:

Service I: check compressive stresses in presttesgerete components
Q =1.000C +DW) + 1.00(L + IM) [MA-100-D-V1/2 Table 3.1]
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This load combination is the general combinationskervice limit state stress checks and
applies to all conditions other than Service lll.

Service lll: check tensile stresses in prestressedrete components:
Q=1.00pC +DW) + 0.80(L +IM)

This load combination is a special combination dervice limit state stress checks that
applies only to tension in prestressed concretetires to control cracks.

Strength I: check ultimate strength
MaximumQ = 1.250C) + 1.500W) + 1.75CL + IM)
Minimum Q = 0.90DC) + 0.650W) + 1.75CL +IM)

[MA-100-D-V1/2 Table 3.1]

[MA-100-D-V1/2 Tables 3.1 and 3.2]

This load combination is the general load combarator strength limit state design

Note: For simple-span bridges, the maximum loatbfagoroduce maximum effects

However, use minimum load factors for dead load )ABd wearing surface (DW) when
dead load and wearing surface stresses are oppositese of live load

Fatigue: check stress range in strands:

Q=0.75(L +IM)

[MA-100-D-V1/2 Table 3.1]

This load combination is a special load combinatiorcheck the tensile stress range in

the strands due to live load and dynamic allowance.

Table 10.4-1: Unfactored Shear Forces and Bending &inents for a Typical Interior

Beam
Distance| Section . : Barr!er weight Wearing
Beam weight Slab weight & side walk

X x/L ) surface

weight

m Shear Mol\r/lngent Shear Mo'(/lnsent Shear M&:Sewnt Shear Mol\;Ir:V(:nt

CNY 1 aenemy | N aenemy | CN D aenm) | EN L aenem)
Anchor A - - - - - - - -

0 Support] 455.68 - 183.96) 0.00 | 45.63 - 29.20 0
500* 0.0136| 443.7% 227.16 | 178.92 90.72 | 44.37 - 28.40 -
3.65 0.1 347.2% 1442.95| 147.17] 604.31 | 36.50 149.88 | 23.3§ 95.92
7.30 0.2 260.44 2551.97| 110.38) 1074.33| 27.38| 266.45| 17.52 170.53
10.95 0.3 173.623344.13| 73.58 | 1410.0§ 18.25| 349.72 | 11.6§ 223.82
14.6 0.4 86.81] 3819.4P36.79 | 1611.49 9.13 | 399.68| 5.84 255.79
18.25 0.5 0.00 | 3977.85] 0.00 | 1678.64) 0.00 | 416.33| 0.00 | 266.45

AKX
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Distancex | Sectionx/L Truck load with impact Lane load
m Shear Moment Sheav, | Moment
Vit (Kn) M.t (Knm) (Kn) ML (Knm)
Anchor A - - - -

0 Support 469.63 0.00 234.33 0.00
500* 0.0136 463.35 156.68 228 77
3.65 0.1 418.90 1018.74 189.81 512.83
7.30 0.2 367.67 1788.27 149.97 911.69
10.95 0.3 316.43 2308.54 114.82 1196.59
14.6 0.4 265.19 2618.76 84.36 1367.53
18.25 0.5 213.95 2699.57 58.58 1424 .51

* Maximum shear position at internal face of the spport (x=500mm).

Note: calculating for shear and moment depends onedign spani(; = 36500mm).

Summary

Design Truck load

DFV x IM = (0.642)(1 + 0.33) = 0.8540

DFM x IM = (0.4277)(1 + 0.33) = 0.569
Design lane load

DFV = (0.642)
DFM = (0.4277)

11-5-ESTIMATE REQUIRED PRESTRESS

The required number of strands is usually govermgdoncrete tensile stresses at the
bottom fiber for load combination at Service ak the section of maximum moment or at
the harp points. For estimating the number of sisanly the stresses at midspan are

considered.

11-5-1-Service Load Stresses at Midspan

Bottom tensile stress due to applied dead andld&ds using load combination Service

Il is:

f, = (MgS;Ms n Mws+Mb+sw+5(:c-8)(MLT+MLL))

Where

fo = bottom tensile stress, MPa

Mg = unfactored bending moment due to beam self-weidthin
Mg = unfactored bending moment due to slab weight, KN.m
Mp = unfactored bending moment due to barrier weightpkN
Msw = unfactored bending moment due to side walk weigkitm
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Mws = unfactored bending moment due to future wearimtasa, kN.m

M.t = unfactored bending moment due to truck loadnkN.

Using values of bending moments frdrable 10.4-1 bottom tensile stress at midspan is:
x10° . . . . X %100
fb — ((3977.85+1678.64) 10 (266 45+416.33+ (0.8)(2699.57+1424 51)) 10 ) = 14.3 +7.901
395463510.8 503987241

=22.2 MPa.
11-5-2-Stress Limits for Concrete
Tensile stress limit at service loads = 0&" ) [MA-100-D-V1/2 Table. 5.11]
where f.” = specified 28-day concrete strength of beamiyi®a
Tensile concrete stress limit in concrete = OV@6') = 3.018 MPa.
11-5-3-Required Number of Strands

The required precompressive stress at the bottber of the beam is the difference

between bottom tensile stress due to the appledisland the concrete tensile stress limit:
fob = (22.2 — 3.018) = 19.182 MPa.

The location of the strand center of gravity at spéin is based on assuming the distance

between the average of center of gravity for tesdimd the bottom fiber of the beam:
Ybs = 220 mm. (see anticipated tendon arrangemefigure 10.5.4-1

Therefore, strand eccentricity at midspays (Yo — Ybs) = (1014 — 220) = 794 mm.

If Ppeis the total prestressing force, the stress abpdt®m fiber due to prestress is:

P P, X e
= (e 4 e T Cc
fpb_<A+ Sp )

19182—( fe , Tpe X 794)
777 \991000 " 395463510.8

Solving forPye, the requiredPpe = 6358.28 kN.

Final prestress force per strand = (area of strépilf1 — losses %)
Wheref, = 0.78y, initial stress before transfer, MPsee Section 10.25 1396.5 MPa.

Assuming final loss of 25% df;, the prestress force per strand after all losses

= (140) (1396.5) (1 — 0.25) = 146.63 kN.

Number of strands required = (6358.28/146.63) 3@ 3trands.

KA
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Use three tendons with 18 strands each, hencedtd,) 15.24 mm dia, 1862 MPa
strands were selected. The distance between bdittiemof concrete and center of
gravity of the three tendons (each tendon hasd@&is) at midspan is 217 mm. The three

tendons profile and girder cross section at variooation are shown iRigure 10.5.4-1

11-5-4-Tendon Pattern
The distance between the center of gravity of tesdat mid span and the bottom

concrete fiber of the beam is:

Vs = [160x 18 + 16618 +330x 18]/(54)

=216.7 mm.

Tendons eccentricity at midspa®g =Yy — Ybs = 1014 — 216.7 = 797.3 mm. at mid span.

At support try to make uniform stresséserefore the average eccentricity at support

= 0.0 mm; Therefore: y, = 1005 mm.

-
<
a3 8 3 3 3 3 9
o (=] O Ll N ™| < [Te]
== = =) =) = o =)
\\\\ i —
—_—l -
2000 1000 15750
500 L1/2=18250
L/2=18750
Cable Profile
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Figure 10.5.4-1: Tendons profile at selected points

11-6-PRESTRESS LOSSES
Total prestress loss:

Lyr = Do+ AMop + Hoes+ Ayt [MA-100-D-V1/2 Art 5.9.5.1]
Where:

Afpe = loss due to friction, (MPa).

Afpa = loss due to anchorage seating, (MPa).

Afpes = loss due to elastic shortening, (MPa).

Aot = losses due to long — term shrinkage and creepoatrete, and

relaxation of steel (MPa).
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Table 10.6-1: Detailing of eccentricity at selectedoints
Point Xi Yi(bot m; €
mm mm mm mm

Anchor A 0 1005 0.00 0
0 0 500 963 41.48 41.48
0.1L,+500* 1 4150 694 310.34 319.34
0.2L;+500 2 7800 485 519.45 528.45
0.3L;+500 3 11450 336 668.81 677.81
0.4L,+500 4 15100 246 758.43 767.43
0.5L;+500 5 18750 217 788.30 797.30

* 500 = distance between girder edge and centeledring.

Where:
yi = distance between center of gravity of tendort l@itom fiber of beam,
mm.
m = distance between center of gravity of tendond eenter of gravity of
tendons at start point, mm.
Ly, = design span, mm.
e = distance between center of gravity of beam anuteceof gravity of

tendons at selected poinsee Figure 10.6-1)

The center of gravity of tendons equation:

—4 4
m; = (Mx? + Mx.) Where:
L2 A L l

0.0L 0.1L 0.2L 0.3L 0.4L 0.5L
(I | [ BT S I— | I I I I
= &~ g
§ I H
s ) . N
- =
x1 . §
1 x2 -
x3
x4
x5
L

Figure 10.6-1 General profile for center of graviy of tendons
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11-6-1-Initial losses

11-6-1-1-Friction
Afpr = fpj (1 —e~(KxFHO),
Working on half span because of tensioning fronhisades of girder.

Where:

u = curvature coefficient = 0.2/ rad.

K = wobble friction = 6.8 10°/mm

[MA-100-D-V1/2 Eq. 5.116]

[MA-100-D-V1/2 Tahb.12]

[MA-100-D-V1/2 Table 5.12]

X = length of a prestressing tendon from the jackingd to any point under

consideration (mm) 2

tana =e; =

x = L/2 =18750, = central angle for tendon =tar

rad.

_8mmax

4mmax

LZ

L

—8x788
375002

(18750) +

4Xx788
18750

Afor = 1396.5 (1 -~ (0:2(0.08385)+ 6.6 (1077)(37500/2))) = 1396 5 (0.02872)

Afpr = 40.10 MPa.

% of loss = 40.10/1396.5 = 2.87%.

Table 10.6.1.1-1 Detailing of friction losses at leeted points

) = 0.08385

Segment| Point X; a; z= e’ Af pr) Farer ) = fiavg =
pai+kl; 1396.5 Afjpy | (fira + fi)/2
anchor A 0 0.0838 0 0 1 0 1396.5 1396.500
AtoO 0 500 0.0816 0.0022 | 0.00077| 0.99923 | 1.074 1395.425 1395.963
Otol 1 4150 0.0653 | 0.01845 | 0.00642| 0.993592| 8.949 1387.551 1391.488
lto2 2 7800 0.049 0.0348 | 0.01210| 0.987965| 16.80 1379.693 1383.622
2t03 3 11450 | 0.0327 0.0511 | 0.01777| 0.98238 | 24.60 1371.894 1375.793
3to4 4 15100 | 0.01635| 0.06745 | 0.02345| 0.976817| 32.37 1364.125 1368.009
4t05 5 18750 0 0.0838 | 0.02913| 0.971285| 40.10 1356.4 1360.262
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Pj

Af
&

Af

Figure 10.6.1.2-1 Anchorage seat loss model

Afpn = Af <1 _ Li>

pPA

o = (et

LyF

p4 AfpF
Where:
AL= the thickness of anchorage set.(mm)
E = the modulus of elasticity of anchorage set.197008a)
Afpa = loss due to anchorage seating, MPa.
Af =the change in stress due to anchor set, MPa.
Lpa = the length influenced by anchor set, mm.
Lor = is the length to a point where loss is known.

x = the horizontal distance from the jacking enthi point considered.

40.10

Ly = J 197000 (6mm)AB750) ~ 23509.164 M L/2......but: Lpa = L/2=18750 mm

2%40.1x18750
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Afyp = Af (1 _ Li> — 80.2 (1 _ Li>
pA pA

At anchorx=0

X
Afya =80.2( 1 —-—) = 80.2 Mpa
Lys

% of loss = 80.2/1396.5 = 5.74%.
Initial stress after friction and anchorage sealosges:

foi = fpj — Afor — Afpa; as tabulated below ifable 10.6.1.2-1

Table 10.6.1.2-1 Detailing of anchorage seating kes at selected points

. fo (dueto % of losses at
Point Xi A o) A ory+ A (o) seating
= fave— A pa)

anchor 0 80.2 1316.30 5.74

0 500 78.06 1317.90 5.63

0.1L, + 500 4150 62.45 1329.04 4.83

0.2L, + 500 7800 46.84 1336.79 4.28

0.3L; +500 | 11450 31.22 1344.57 3.72

0.4L, +500 | 15100 15.61 1352.40 3.16

0.5, +500 | 18750 0.00 1360.26 2.59
11-6-1-2-Elastic Shortening

Afyps == (5—” fegp) [MA-100-D-V1/2 Eq. 5.119]

Where

N = number of identical prestressing tendons.

E, = modulus of elasticity of prestressing reinforcetre 197000 MPa.

E.i = modulus of elasticity of beam at release = 2757 31Pa.

Fegp = sum of concrete stresses at the center of grakjirestressing tendons due to the
prestressing force after jacking and the self-wegglthe member at the sections

of maximum moment (MPa).

VEA
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Force per strand at transfer at mid span = (arstrand) (prestress stress at transfer)
= 140x 1360.265 = 190.437 kN/ strand.

MA-100-D-V1/2 Article 5.9.5.2.3b states thafcy, can be calculated on the basis of

prestressing steel stress assumed to bé,0féblow-relaxation strands.

P; PL'BCZ

Mge
= i _9.¢
fegp =7+

+
Ig Ig

Where:

e:. = eccentricity of strands measured from the ceoftgravity of the precast beam

at midspan = 797.3 mm
Pi = total prestressing force at release = (54 s&p(iP0.437) = 10283.6 kN.

My should be calculated based on the overall beagtHesf 37500 mm. Since the
elastic shortening loss is a part of the total,legswill be conservatively computed

based oMy using the design span length of 36500mm.

10283600 | (10283600)(797.3)2  (3977850)(797.3) _
fegp = 991000 T 0a01x102 o401x101z 10.377 + 16.3 - 7.91xF0

= 26.67 MPa at mid span.

Af (PES)= 63.50MPa.

Afoes= %loss = (63.5/1396.5) 100% = 4.547%
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Table 10.6.1.3-1 Detailing of elastic shorteningo$ses at selected points

Segmen | Point mLm I\IIaF\;Z ET:lg mAri2 mem mlr?f‘
anchor A 0 1316.30 9951.23 1449000 0 4.64E+11
AtoO 0 500 1317.90 9963.32 1449000 | 41.48 | 4.64E+11
Oto1l 1 4150 1329.04 10047.54 991000 | 319.34| 4.01E+11
1to2 2 7800 1336.79 10106.13 991000 | 528.45| 4.01E+11
2to3 3 11450 1344.57 10164.95 991000 | 677.81| 4.01E+11
3to4 4 15100 1352.40 10224.14 991000 | 767.43| 4.01E+11
4t05 5 18750 | 1360.26 10283.57 991000 | 797.30| 4.01E+11

Table Continue:

Segment| Point ) Ms feap Afpes Total fp
mm kKN.m MPa MPa | =fag- Afpes
anchor A 0 0.00 6.87 16.35 1299.95
AtoO 0 500 0.00 6.91 16.46 1301.44
Oto1l 1 4150 1442.95 12.69 30.22 1298.82
l1to?2 2 7800 2551.97 17.23 41.03 1295.76
2103 3 11450 3344.13 21.90 52.14 1292.43
3to4 4 15100 3819.42 25.33 60.30 1292.10
4t05 5 18750 | 3977.85 26.67 63.50 1296.76

11-6-1-3-Cable extension

Lj Pave Li

L= [Ax? +Ay? ; Ext=1wetic pyp=lwel

' ' ' Eps ApsEps
‘ |

2“;\LLQ‘ ‘ 4‘
§ A x =4 £ = ‘
= ‘
|x0 | |
| x1

Figure 10.6.1.4-1 Cable extension model
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Point Xi Vi AX; Ay; Li f(avg) Ext.

anchor A 0 1005.| - - 0 1316.30| 0.00

0 O| 500 | 963.3| 500 | 41.667 | 502 | 131790| 3.36
0.1L; +500 | 1 | 4150 | 694.0| 3650| 269.333| 3660 | 1329.04 | 24.69
0.2,+500 | 2| 7800 | 485.0| 3650 209.000| 3656 | 1336.79| 24.81
0.3L; +500 | 3 | 11450| 335.7 | 3650| 149.333 | 3653 | 1344.57 | 24.93
0.4L;+500 | 4 | 15100| 246.3 | 3650 89.333 | 3651 | 1352.40| 25.06
0.5L; +500 | 5 | 18750| 216.7 | 3650| 29.667 | 3650 | 1360.26 | 25.20
Total Extension 2128

mm

Total extension/ side ZEy; = 128 mm for each end since tensioning is fronh leotds.

11-6-2-Time dependent losses
The change in prestressing steel stress due to dependent losgif, 1, shall be

determined as follows:

ApLr = (Afpsr+ Aipcr+ Aipri)ia + (Afpssdfpsp+ Apcp + Afpro— ApsJar
[MA-100-D-V1/2 Eq. 5.124]
Where:

(ApssAfpsp + Apcp + Afpro — Afps9ar = sum of time dependent prestress losses aftér dec

placement (MPa).

For long term prestress losses for post-tensionexhlmers after tendon have been

grouted the value of the terfdf,sr+ Afpcr + 4fpr1) ia Shall be taken as zero.
[MA-100-D-V1/2 Art. 5.9.5.4.5]

Afpsp = prestress loss due to shrinkage of girder comdretween time of deck placement

and final time (MPa).

Afocp = prestress loss due to creep of girder concretieden time of deck placement and
final time (MPa).

Afpro = prestress loss due to relaxation of prestresstagds in composite section

between time of deck placement and final time (MPa)

Afpss= prestress gain due to shrinkage of deck in caitgpeection (MPa).

Vo
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11-6-2-1-Shrinkage
Stage I:

The prestress loss due to shrinkage of girder ededretween time of transfer to deck

placementdf,sg shall be determined as:
Age of concrete at transfer = 7days after grouting.

Age of concrete at deck placement = 28days.

AfpSR: SbidEpKid [MA-lOO-D-Vl/Z Eq. 5.129]
In which:
Kiy = : [MA-100-D-V1/2 Eq. 5.130]

EpAps (. Agehg ,
g A (1+ Ty (1+0.71pb (tf,tl))
Where:

Kig = transformed section coefficient that accounts tione-dependent interaction
between concrete and bonded steel in the sectiomg bmonsidered for time period
between transfer and deck placement.

U, (t, t;) = girder creep coefficient at final time due tading introduced at transfer =
1.9kyskpckekeqty OH° [MA-100-D-V1/2 Eq. 5.1]
€pia = Shrinkage strain of girder between time of tfan time of deck placement.
Epia = Kusknskrkeq 0.48 x 1073 [MA-100-D-V1/2 Eq.5.6]
k,s = factor for the effect of the volume — to — sgdaatio of the component.

=1.45 - 0.005M/9 > 1.0 [MA-100-D-V1/2 Eq. 5.2]

VIS = volume of concrete / (perimeter of girdetength of girder)

= 39.44nY (7.753x%37.5) = 0.136 m

kys=1.45—0.005 x 0.136 = 1.449
knc = humidity factor for creep. = 1.56 — 0.098 [MA-100-D-V1/2 Eq. 5.3]

=1.56 — 0.008x80 = 0.92

ki = factor for the effect of the concrete strenggl%%,—_ [MA-100-D-V1/2 Eq. 5.4]

VoY
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=3 -0.745

T 7+40

kg = time development factor. (=t—> [MA-100-D-V1/2 Eq. 5.5]

61—0.58f);+t

- 28-7 _
_(61—0.58 x 40+(28_7)) = 0.357

kns = humidity factor = (2.00 — 0.0H) [MA-100-D-V1/2 Eq. 5.7]

=2-0.014x 80 =0.88

T
1

relative humidity (%).

—
I

maturity of concrete (day), defined as ageaicrete between time of loading for
creep calculations, or end of curing for shrinkagéculations, and time being

considered for analysis of creep or shrinkage effec
t; = age of concrete at time load application (day).

VIS = volume — to — surface ratio.

The surface area used in determining the volune—durface ratio should include only
the area that is exposed to atmospheric drying.pfecast member with cast in place
topping, the total precast surface should be ugednieter for girdex length of girder).
For poorly ventilated enclosed cells, only 50%lw interior perimeter should be used in
calculating the surface area.

€y = eccentricity of prestressing force with respictentroid of girder section (mm),

positive in typical construction where prestresdimge is below centroid of section.

Ay = area of section calculated using the gross ctmaection properties of the girder

(mm).

lg = moment of inertia of section calculated using ginoss concrete section properties of
the girder (mrf).

Therefore:

Uy (tr,t) = 1.9 x 1.449 x 0.92 x 0.745 x 0.357 x (730)7 %118

oy
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Uy (tr, ;) = 0.309
p 1
id =
E, A A e
1+ B2 (1 + %) (1+ 0.7y, (t,1:))
~ 1
= 197000 140 X 18 X 3 991000 797.32
1+ 5757929991000 (1 T 201 x 109 >(1 +0.7(0.309))
- =08547
1+0.17

epig = 1449 X 0.88 x 0.745 X 0.357 x 0.48 x 1073 = 0.0001628

Afpsr= enidEpKig = 0.0001628%197000x0.8547=30.08 MPa

Table 10.6.2.1-1Detailing of shrinkage losses alected points

Segment - Ag (Mm?) | 14 (mm?) Yo * Kid Apsr
mm (mm) MPa

Anchore 0 1449000 | 4.64E+11| 1005.00 0 0.96 30.68
Ato O 500 1449000 | 4.64E+11| 1005.00| 41.48 0.96 30.67
Oto1l 4150 | 991000 | 4.64E+11| 1014.00f 319.34 | 0.92 29.61
lto2 7800 | 991000 | 4.01E+11| 1014.00| 528.45 | 0.90 28.84
2t03 11450 991000 | 4.01E+11| 1014.00| 677.81| 0.88 28.10
3to4 15100| 991000 | 4.01E+11| 1014.00| 767.43 | 0.86 27.58
4t05 18750 991000 | 4.01E+11| 1014.00] 797.30 | 0.85 27.40

11-6-2-2-Shrinkage
Stage II:

The prestress loss due to shrinkage of girder etedretween time of deck placement to
final time, Afysp, shall be determined as:

Age of concrete at time of deck placement = 28 days

Age of concrete at final time = 2 years.
Afosp = enaEpKar [MA-100-D-V1/2 Eq. 5.129]

In which:

Vot
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epar = Kysknskrkeq0.48 x 1073 [MA-100-D-V1/2 Eq. 5.6]
1

Kar = Z
EpA Ace
1+ Efi Ap;s <1+ %)(H-O.ij (tf'ti))

[MA-100-D-V1/2 Eq. 5.130]

Where:
Uy (tr, t;) = creep coefficient =1.9k,,skpckekeqt; ©H° [MA-100-D-V1/2 Eq. 5.1]
epar = Shrinkage strain of girder between time of dgleicement and final time.
ks = factor for the effect of the volume — to — sggaatio of the component.

= 1.45 — 0.005(/S) > 1.0 [MA-100-D-V1/2 Eq. 5.2]

V/S = volume of concrete / (perimeter of girdetength of girder)

= 39.44n¥ (7.753%37.5) rh= 0.136m

kis=1.45-0.00% 0.136 = 1.449
knc = humidity factor for creep. = 1.56 — 0.008 [MA-100-D-V1/2 Eq. 5.3]

=1.56 — 0.00& 80 =0.92
k; = factor for the effect of the concrete strengt;h}j’f,j [MA-100-D-V1/2 Eq. 5.4]

35

= =0.745
7+40
— ( t
kg = time development factor. (Jﬁm> [MA-100-D-V1/2 Eq. 5.5]
:( 2X365-28 ) =0.950
61—0.58 X 40+(2X365—28)
kns = humidity factor = (2.00 — 0.0H) [MA-100-D-V1/2 Eq. 5.7]

=2-0.014x80 =0.88

T
I

relative humidity (%).

,_,
I

maturity of concrete (day), defined as ageamicrete between time of loading for
creep calculations, or end of curing for shrinkaggculations, and time being

considered for analysis of creep or shrinkage effec
ti = age of concrete at time load application (day).

V/S = volume — to — surface ratio.

Voo
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The surface area used in determining the volunme —gurface ratio should include
only the area that is exposed to atmospheric dryog precast member with cast in
place topping, the total precast surface shoulddeel (perimeter for girdetr length

of girder). For poorly ventilated enclosed cellg)yo50% of the interior perimeter

should be used in calculating the surface area.

€c = eccentricity of prestressing force with resptectcentroid of composite section
(mm), positive in typical construction where pressing force is below centroid of
section.

A. = area of section calculated using the gross ceitgpooncrete section properties of
the girder and the deck and the deck — to — gimtedular ratio (mr).

Ic = moment of inertia of section calculated using fross composite concrete section

properties of the girder and the deck and the deick— girder modular ratio (mitn

Therefore:
Up(tr t) = 1.9kysknckrkeqty M8 = 1.9x 1.449x 0.92x 0.745x 0.950x 730%*
Uy (ts, t;) = 0.8222

€par = 1449 x 0.88 X 0.745 x 0.95 X 0.48 X 1073 = 0.0004332
Table 10.6.2.1-1 Detailing of shrinkage losses at selectpdints

Segment|  Point L | Ac(mm’) | lc(mm) | yoe(mm) | yb(mm)
mm composite | composite | composite beam
Anchor A 0 1869000 7.73E+11 1223 1005
Ato O 0 500 1869000 | 7.73E+11 1223 1005
Oto1l 1 4150 1411000 6.76E+11 1300 1014
lto2 2 7800 1411000 6.76E+11 1300 1014
2t03 3 11450 1411000 6.76E+11 1300 1014
3to4d 4 15100 | 1411000 6.76E+11 1300 1014
4t05 5 18750 1411000 6.76E+11 1300 1014

Yo
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Continue:
Anchor A 0 218 0.95 81.22
AtoO 0 41.48 259.48 0.95 81.05
Oto1l 1 319.34 605.34 0.90 77.13
lto2 2 528.45 814.45 0.87 74.61
2t0 3 3 677.81 963.81 0.85 72.49
3to4 4 767.43 1053.43 0.83 71.12
4t05 5 797.30 1083.3 0.83 70.65

11-6-2-3-Creep
The change in prestress (loss is positive, ganegative) due to creep of girder concrete

between time of deck placement and final tinffgep, shall be determined as:

Afpep =5_chgp Wb (tr t:) — Wp(ta, t)] Kaf + g_fiAfcdlpb (tr,ta)Kay

[MA-100-D-V1/2 Eq. 5.131]

Atcqg = Change in concrete stress at centroid of presitrg strands due to long term losses
between transfer and deck placement, combined wdétk weight and
superimposed loads (MPa).

U, (tr, t;) = girder creep coefficient at final time due ¢ading at deck placement per
Eq. 5.1

. t ~ 2x365—7 008
W= \61—058f+t) |61—058x40+(2x365-7))

W (tr, ti) = 1.9kysknckrkeqty M 18=1.9 (1.449) (0.92) (0.745) (0.95) (2x365)'%0.8234

= t _( 2 x 365 — 28
47 \61-0.58f,+t)  \61—0.58x 40 + (2 x 365 — 28)

) = 0.949

W (tr, ta) = 1.9 yskpckskegt; ©1*8=1.9 (1.449) (0.92) (0.745) (0.949) (2x385)'%0.8234

I = t _( 28 -7
‘47 \61—058f,+t) \61—0.58x 40+ (28— 7)

) = 0.357

Wb (ta, ) = 1. 9kyskpckskegty ©118=1.9 (1.449) (0.92) (0.745) (0.357) (BB)'%0.455

\ov
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L Ay e lq Mssorswprus) | Afcd fcgp AprD
Segment ) 4

mm mm mm mm kNm | MPa | MPa | MPa

anchor 0 1449000 0 4.64E+11 0 0.00 687 | 17.17
AtoO 500 1449000 | 41.48 | 4.64E+11 0 0.00 691 | 17.27
Oto1l 4150 991000 | 319.34| 4.01E+11| 850.11 | pe8 | 12.69 | 33.65
lto2 7800 991000 | 528.45| 4.01E+11| 1511.31| 199 | 17.23| 4963
2t03 11450 | 991000 | 677.81| 4.01E+11| 1983.59| 335 | 21.90| 65.73
3to4 15100 | 991000 | 767.43| 4.01E+11| 2266.96| 434 | 25.33| 76.51
4t05 18750 | 991000 | 797.30| 4.01E+11| 2361.42| 470 | 26.67 | 81.20

11-6-2-4-Relaxation
The prestress loss due to relaxation of prestrgsiands in composite section between

time of deck placement and final tim#,r> shall be determined as:

Aprz = Apr]_

Afypy = @<@ - 0.55) [MA-100-D-V1/2 Eg. 5.128]

KL fpy
Where:

fot = stress in prestressing strands immediately aféesfer, taken not less than
0.55,y
K. = 30 for low relaxation strands and 7 for othexgressing steel, unless more
accurate manufacturer's data are available.
Note: MA-100-D-V1/2 Art 5.4.2.3.1
These provisions shall be applicable for specitedcrete strength up to 70MPa. In

absence of more accurate data, the shrinkage cieets may be assumed to be 0.0002
after 28 days and 0.0005 after one year of drying.

VoA



g e 4

Table 10.6.2.3-1 Detailing of relaxation losses aélected points

L

Segment - fot = foi Afpra
anchor 0 1257.9 8.4113
Ato O 500 1260.3 8.4872
Oto1l 4150 1268.7 8.7564
1t02 7800 1275.9 8.9904
2t03 11450 1283.4 9.2328
3to4 15100 1292 9.5177
4105 18750 1302.4 9.8638

\od
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11-6-3-Summery
Table 1.6.2.3-2 Detailing of total losses at seledtpoints
) L Apr Apr AprS AfpSR AfpSD AprD
Segment| Point
mm MPa MPa MPa MPa MPa MPa

anchor | A 0 80.2 0 16.35 | 30.68 | 81.22 | 17.17

AtoO 0 500 78.06 | 1.074 | 16.46 | 30.67 | 81.05 | 17.27

Oto1l 1 4150 | 62.45| 8.949 | 30.22 | 2961 | 77.13 | 3365

1to2 2 7800 | 46.84 | 16.80 | 41.03 | 28.84 | 74.61 | 4963

2t03 3 11450 | 31.22 | 24.60 | 52.14 | 28.10 | 72.49 | 65.73

3to4 4 15100 | 15.61 | 32.37| 60.30 | 2758 | 71.12 | 7651

4t05 5 18750 | 0.00 | 40.10 | 63.50 | 27.40 | 70.65 | g81.20

Continue:
fpe:(1396.5—
fpi=(1396.5
Segment | Point Af,ro | Total loss oy Pi TOTAL Pe %losses
MPa MPa kN LOSSES) kN =total losses/1396.5
MPa
MPa

anchor A 8.41 234.03 | 1316.3| 9951.23 | 1162.47 | 8788.273] 16.76
AtoO 0 8.49 233.07 | 1318.44) 9967.41| 1163.43 | 8795.531| 16.69
Oto1l 1 8.76 250.77 | 1334.05| 10085.42| 1145.73 | 8661.719] 17.96
1to2 2 8.99 266.74 | 1349.66| 10203.43| 1129.76 | 8540.986 19.10
2t03 3 9.23 283.51 | 1365.28| 10321.52| 1112.99 | 8414.204| 20.30
3to4 4 9.52 293.01 | 1380.89| 10439.53| 1103.49 | 8342.384| 20.98
4105 5 9.86 292.71 | 1396.5| 10557.54| 1103.79 | 8344.652] 20.96

11-7-STRESSES AT TRANSFER

Py

fo= —%-

P;

ft:_j‘*‘

P;e
Sp

P;e
St

Mg
Sh

Mg
St

Allowable stresses at initial stage

fi= 0.6f;

fei =

-24 MPa

fi=0.25/f;; < 1.38 MPa

[MA-100-D-V1/2 Art. 5.9.4.1.1]

[MA-100-D-V1/2 TABLE 5.9]

A\l
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fi = 1.58 MPa or 1.38 MPa

Therefore:

fy = +1.38 MPa (control).

Table 10.7-1: Detailing of top and bottom girder sesses after transfer due to #/sqr
+ P) at selected points

. A M sein P fo fv)
Segment | Point mm? mm?3 mm?3 KN.m KN MPa MPa
anchor A 1450000 | 461691542.3| 549112426 0 9951.23 -6.86 -6.86
AtoO 0 1450000 | 461691542.3| 549112426 0 9967.41 -6.12 -71.77
Otol 1 991000 395463510.8 | 479665071.8| 1442.955 | 10085.42 -6.47 -14.67
lto2 2 991000 395463510.8| 479665071.8| 2551.973 | 10203.43 -4.38 -17.48
2t03 3 991000 395463510.8| 479665071.8| 3344.129 | 10321.52 -2.80 -19.65
3to4 4 991000 395463510.8 | 479665071.8| 3819.422 | 10439.53 -1.79 -21.14
4t05 5 991000 395463510.8 | 479665071.8| 3977.853 | 10557.54 -1.40 -21.88

All stresses at initial stage are O.K.

11-8-STRESSES AT SERVICE LOADS
The total prestressing force after all los$gsas mentioned in table below.

11-8-1-Stresses calculation

« Compression: [MA-100-D-V1/2 TABLE 5.10]

Due to permanent loads, (i.e. beam self-weightghtenf slab, weight of future wearing
surface, weight of side walk, and weight of bagjefor load combination Service I:
For precast beam and transformed deck slabf049.45(45) = — 20.25 MPa.

Due to permanent and transient loads (i.e. all deads and live loads), for load

combination Service [:

For precast beam and transformed deck slalg, ;6= 0.60(45) = — 27.0 MPa
Note: Compressive stress in the deck slab at setegds never controls the design for
typical applications. The calculations shown bebre for illustration purposes and

may not be necessary in most practical applications

e Tension: [MA-100-D-V1/2 TABLE 5.11]
For components with bonded prestressing tendons:

For load combination Service II: +0.45f;

AR
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For precast beam and transformed deck slab: W485= +3.354 MPa.

£, = _E_Pe_e_I_Mg+Ms+ MW5+Mb+M5W+MLT+MLL
A Sp Sp She She
f _ Pe Pee Mg+ Mg Mys + Mp+ Mgy, Mpr+ My
t A S St Stg Stg
M, + Mp + M. Mpr+ My
fos = — 22— (top slab)

Stc Stc

Table 10.8-1 Detailing of top and bottom girder sesses after all losses all loads
acting at selected points

_ Pe fnbeam | fi) beam
Segment | Point

kN MPa MPa
anchor A 8788.273 -6.86 -6.86
AtoO 0 8795.531 -7.43 -5.09
Oto1l 1 8661.719 -9.41 -9.62
1to2 2 8540.986 -9.57 -8.54
2t03 3 8414.204 -9.59 -7.99
3to4 4 8342.384 -9.53 -7.85
4t05 S 8344.652 -9.43 -8.10

11-9-STRENGTH LIMIT STATE

Total ultimate bending moment for Strength | is:

M, = 1.250C) + 1.50W) + 1.75(T +LL)

Using the values of unfactored bending moment gindrable 10.4-1 the ultimate
bending moment at midspan is:

M, = 1.25(3977.85+ 1678.64+ 416.33) + 1.5(266.45)76(2699.57+1424.51)
M, = 15207.84kN.m

Average stress in prestressing steel wigen 0.5f,,:

o = fou(1- ké) <foy [MA-100-D-V1/2 Eq. 5.16]
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Where:
fos = average stress in prestressing steel

fou = specified tensile strength of prestressing steE862MPa.

k=2 (1.04 - f”—y) =2 (1.04 - %) [MA-100-D-V1/2 Eq. 5.17]

pu pu
= 0.28 for low-relaxation strand [MA-100-D-V1/2 Table 5.6]

d, = distance from extreme compression fiber to t#groid of the prestressing tendons

=he —Yps = 2100 — 216.67 = 1883.33mm.

c = distance between the neutral axis and the caseface, mm.

To computec, assume rectangular section behavior and chebk diepth of

the equivalent compression stress blagks less than or equal to

wherea =3,

_ Apsfpu"‘ Asfy_ Ag‘fji

0.85f.B,b+ KApsf;;”
14

[MA-100-D-V1/2 Eg. 5.19]

Where

Aps = area of prestressing steel = 54(140) = 756G mm
A = area of mild steel tension reinforcement = 0Gmm
As = area of compression reinforcement = 0inm

fc = compressive stress of deck concrete = 28.0 MPa
fy = yield strength of tension reinforcement, MPa

f'y = yield strength of compression reinforcement, MPa

yur
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31 = stress factor of compression block [MA-100-D-V1/2 Art. 5.7.2.2]

= 0.85 forf" < 28 MPa

=0.85 —0.05f(c - 28)/7> 0.65 28 MPa <f . < 56 MPa

forf'c =28 MPa

B:=0.85

Average flange thickness + deck slab = (100+206220 = 400mm.

b = effective width of compression flangenf€l680) mm = 1325.2mm

7560 X 1862
c= me— = 390 mm <, = 400mm.
0.85%X 45 X 0.85 X 1680 + 0.28X 7560 188333

Therefore, the rectangular section behavior assomp valid.

a=B; c =0.85x (390) = 331.5 mm.

The average stress in prestressing steel is:

331.5
1883.33

fos = 1862 (1 — 0.28—==-) = 1770 MPa
Nominal flexural resistance:

My = Apsfos (d,, - %) +Af, (ds - g) — ALf (d; - 5) [MA-100-D-V1/2 Eq.5.27]

2

331.5
M, = 7560 x 1770 X (1883.33— T) = 22983 kN.m

Factored flexural resistance:

M; = ¢M, [MA-100-D-V1/2 Eq. 5.25]
Where
¢ = resistance factor [MA-100-D-V1/2 Art. 5.5.4.2]

Y1¢
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=1.00, for flexure and tension of prestressmttoete
M, = 22983 >M, = 15207.84 kN.m O.K.

11-10-LIMITS OF REINFORCEMENT
[MA-100-D-V1/2 Art. 5.7.3.3]

11-10-1-Maximum Reinforcement [MA-100-D-V1/2 Art.5.7.3.3.1]
The amount of prestressed and nonprestressednenient should be such that

c/de <0.42 [MA-100-D-V1/2 Eq.5.28]
_ ApSfdep+ASfde _ - -
dp = L [MA-100-D-V1/2 Eq.5.29]
de = dp

331.5/1883.33 =0.176< 0.42 O.K.

11-10-2-Minimum Reinforcement [MA-100-D-V1/2 Art. 5.7.3.3.2]

At any section, the amount of prestressed and rsimaissed tensile reinforcement should
be adequate to developed a factored flexural ezgistM,, equal at least:

M, = 1.Mcre [MA-100-D-V1/2 Eq.5.30]
where Mcr may be taken as:

Mcre :Sc(fr + fcpe)_ M dnc(i_]‘j2 Sc fr

S,
where:
Mce = moment causing flexural cracking at section duexternally applied loads
(N-mm)
fr = modulus of rupture of concrete specifiediA-100-D-V1/2 Art. 5.4.2.6
= 0.97~fc’ =0.9W45 = 6.5 MPa.
fepe = compressive stress in concrete due to effectiveti@es forces only (after
allowance for all prestress losses) at extremer fifesection where tensile
stress is caused by externally applied loads (MPa)
_ _P._P&c 8344652 8344652 797
A S¢ = 991000 395463510.8=8 42+16.82=25.24 MPa
Pse = effective prestress forces (after allowance fopedistress losses) (N)
=P in Table 10.8-1
A = area of cross section of beam (fim

\1e
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€ = distance form the centroid of prestressing ste¢héoneutral axis of the non-
composite beam (mm)

Manc = total un-factored dead load moment acting on thaatithic or non-composite
section (N-mm)
=Mg+Ms =39778.85 x106+1678.64x106 =41457.49%x106 N.Mable 10.4-1

S = section modulus for the extreme fiber of the conitposection where tensile
stress is caused by externally applied loadsYmm
=$=503987241 mm3Article 10-3-3-3-1

Sie = section modulus for the extreme fiber of the mdhali or non-composite
section where tensile stress is caused by extgrapfilied loads (mm3)
=5,=395463510.8 mrhin Article 10-3-2.

M, =50398724{ 6.5+ 25.4 4145749 GEQM— j

395463510.8
=4619.7AN M2 S £ = 3275.9...covoivvoeeeeeeeeeeoeemee. OK
Mr = 2298351 Rlcre. . oveeeeeeeeeeeeeeeeeeene e e e e e, OK

11-11-SHEAR DESIGN
The area and spacing of shear reinforcement mudetegmined at regular intervals
along the entire length of the beam. In this deggample, transverse shear design
procedures are demonstrated below by determinieggtirales at the critical section

near the supports.

Transverse shear reinforcement is provided when:

Vi, > 0.50(V + V) [MA-100-D-V1/2 Eq. 5.65]

where

V, = total factored shear force, N

V. = shear strength provided by concrete, N

V, = component of effective prestressing force indinection of the applied shear, N

@ = resistance factor = 0.75 [MA-100-D-V1/2 Art. 5.5.4.2.1]

11-11-1-Critical section

MA-100-D-V1/2 Art.5.8.1.3

A
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Where the reaction force introduces compressiantim¢ end region of a component, the
critical for shear near the support shall be lataea distance af, from the face of the
support.

Otherwise, the design section shall be taken aintkenal face of the support

thuse: the critical sections is at the internaéfatthe supportx=500mm.

11-11-2-Design of Sections Subjected to Shear
11-11-2-1-Consideration of Shear

1- Determination of V,,

for strength limit state:

Vu =1.250C) + 1.50W) + 1.75(TL +LL)
=1.25(455.68+183.96+45.63)+1.5(29.2)+1.75(@68228)=2110.25 kN.

2- Determination of V,

There are tow methods:

a-Determination o¥/; by V. andV,.

b-Determination oV, by g and6.

We select the first one in this example.

a-Determination of V. by V¢ and V.

V. = nominal shear resistance provided by concrdterminclined cracking results

from combined shear and moment (kN)

Veow = Nominal shear resistance provided by concretenwihclined cracking results

from excessive principal tensions in web (kN).

Vei = 00525 f byd, + Vg + "2 > 016 /7 b,d, [MA-100-D-V1/2 Art.
5.80]
Where:

M,, ., = maximum factored moment at section due to eatbrapplied load.(N)

From Table (10-4-1)the value of the moment and shear due to extévadls at shear

critical section is:

'y
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Mmax(LL) =77 kN.m
For strength | limit state:
max= 1.75(156.68+77) = 408.94 kN.m.

V; = factored shear force at section due to extgrnalpplied loads occurring

simultaneously wittMmas (N)

From Table (10-4-1)the value of the moment and shear due to extéoadls at shear

critical section is:

Vi) = 463.35 kN.

Vi = 228 kN.

For strength | limit state:

Vi = 1.75(463.35+228) = 1209.86 kN.

Vg = shear force at section due to unfactored desatldmd includes bothC andDW
(N).

Vq = (443.75+178.92+44.37+28.4)=695.44 kN.

b, = effective web width taken as the minimum webtiigithin the depttd,.(mm)
=710 mm

d, = effective shear depth (mm) MA-100-D-V1/2 Eq.5.69

M, 22983

- - = 2.46m = 2460
Asfy + Apsfos 0+ 7560 x 1770 m i

dy

0.9de = 0.9x1883.33 =1695 mm.

0.7h = 0.72 x2100 =1512 mm.

AR Y
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dy will be less than the greater of 8.%r 0.72, thused, = 1695mm

1209860 x 4619.72
408.94

= 14786837.87 N > 0.16 /f/ b,d, = 1291678.084 N ... ... OK

Ve, = 0.0525v45 X 710 X 1695 + 695440 +

Vow = (016 /f! + 0.30f,)byd, + Vi, [MA-100-D-V1/2 Art.
5.81]

With resumingv,=0
Vow = (0.16 \/f! + 0.30f,0)b,d,
Where:

foc = compressive stress in concrete (after allowdoceall prestresss losses) at centroid

of cross section resisting externally applied loadst junction of web and flange when

the centroid lies within the flange (MPa). In a qmsite memberfy. is the resultant

compressive stress at the centroid of the compasitdion or at junction of web and

flange, due to both prestresss and moments redigtpcecast member acting alone.

— & P, epc _ Mg+ Mg
fi)c B A + Stpc Stpc
Pe= 8795.531 kN Table 10-8-1

_ _ (4Mmax 2 | 4Mmax ) _ (=4X7883 2 . 4X788.3 _
epc= = (et x? 4 Hmax ) = (2225002 4 2782500) =41.48 mm

Yipc = Yo —Yb =1254-1005 =249 mm.

9
Spe= —— = > = 2538152610 mm®

Ytpc 24

A= area of composite section at shear critical sedinnf).

114
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B 8795531 | 8795531 4148 227.16 % 10° + 90.72 x 10°
foe = (145000 + 250 x 1325) 2538152610 2538152610

= 18.47 + 0.144 — 0.125 = 18.49 N/mm?

Vi = (0.16 Va5 + 0.30(18.49)) (710)(1695) = 7967215.234 N

Vi > 050(Ve + V) coreeeeenie e eee e, OK

The section needs to transverse reinforcement:

3- Determination of Vs
v, = 2% (o9 — cota) sina MA-100-D-V1/2 Eq.5.84

N

d, = effective shear depth.
d =1695 mm
A, = area of shear reinforcement within a distasgant)
Assume the transverse reinforcement @&1@), A, = 6x201=1206mm
fy: = yield strength of transverse reinforcement (MPa)
fx=413.7 MPa
0 = angle of inclination of diagonal compressivesses. (°)

coto = 1.0 MA-100-D-V1/2 Eq.5.82
a = angle of inclination of transverse reinforcemgniongitudinal axis (°) =90 °
s = spacing of stirrups (mm)
assumes = 150mm.

V, = 52002 (1 - 0) X1 =5637820.86 N.

4- Determination of V,

Ve +V +V,

MA-100-D-V1/2 Eq.5.72
0.66+/f.b,d, + V, q

V, = min{

VW
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b, = 710 mm at the end of the span

1291678.084 + 5637820.86 + 0 = 6929498.94N

V= mm{ 0.66v45 x 710 X 1695 + 0 = 5328172.095N

V, = 5328172.095N

Vi = ®Vn = 0.75 x 5328172.095=3996129.07\2110250 N.....................OK

5- Maximum Spacing of Transverse Shear Reinforcement
MA-100-D-V1/2 Art.5.8.5.2

| 2110250 2 '
Vi = T U 7sx710x1695 2.338 N/mm*<0.12%/ ......................OK
0.8d, <600 mm ............ Smax= 600MmM> 150Mm ..................ceeeeee. OK

6- Minimum Amount of Transverse Reinforcement

The area of transverse reinforcement should né¢dsethan: [MA-100-D-V1/2 Eg.
5.96]
7 bys  _ 710 X 150
A, =1/12./f = 1/12 V45—

= 143.909 mrh/150mm.<A, provided O.K.

IMPORTANT NOTE:

in this example we checked the critical sectionsloear at the interface of support, but in
this position the cross section of the beam ishigobecause it is rectagular at this point.
therefore, the designer must check ,with the sameepures shown above, other critical
section which locate at the point at which thetisacbecomes bulb tee. that point far

about 3000 mm from the axiss of support.

11-12-DEFLECTION AND CAMBER
[MA-100-D-V1/2 Art. 5.7.3.6.2]

In the absence of a more comprehensive analysisntaneous deflections and rotation
may be computed using the modulus of elasticityctorcrete as specified MA-100-D-

A
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V1/2 Art.5.4.2.4and the effective moment of inertlg, given byMA-100-D-V1/2

Eq.(5.38) but not greater thalg.
3

M, M\°
I, = 1, + 1—( ) I.<I
¢ (Ma) g l M) | T8

where:

Mcr = cracking moment (N-mm)

Mo = f 2 MA-100-D-V1/2 Eq.5.39
t

where:

fr = 0.63,/f) = 0.63vV40 = 3.98MPa ................... at transfer

f- = modulus of rupture of concrete (MPa)
y: = distance from the neutral axis to the extremsita fiber (mm)

M, = maximum moment in a component at the stage foclwdeformation is computed
(N-mm)

lg = gross moment of inertia of concrete .
l= the moment of inertia of the cracked transformection about the neutral axis (fjm

calculated approximately from the following equatio

1

1 3
I = §byt3 _g(b - bw)(yt - hf)

Where:

b = width of the flange (mm)

by, = width of the web (mm)

h; = thickness of the flange (mm)

1 1
I, = 3 X 1660 x 8363 — 5(1660 —350)(836 — 100)3 = 1.49206 x 10''mm*

11-12-1-Deflection before slab hardened

11-12-1-1-Deflection Due to Prestressing Force at transfer

1 1
I, = 3 X 1660 x 8363 — 5(1660 —350)(836 — 100)3 = 1.49206 x 10 'mm*

ly = 401x16 mm

401x10°

M = 3.98="

= 1909.067kN.m

M, = Pj.e = 10557.54 x797.3 = 8417.526 kN.m

'Y
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3 3
= (M) x 401 x 10° + [1 - ( 1909'067) ] x 1.49206 x 1011 = 1.492 x
84170.526 84170.526
101 > woo I, = I = 401 X 10°
.p]2 3 2
APe — 5P;el — 5X 10557.54X10° X 797.3 X 36500 — 105626 mnm
48E ;I 48 X 27579.29% 401 X 10

11-12-1-2-Deflection Due to Beam Self-Weight

_ Swprl* 5X 25.240 X 36500*

ADLpeam = 384E;l, 384 X 27579.29% 401 X 109 =52.75 mn(l)
11-12-1-3-Deflection Due to Slab Weight
ADLg,, = Swppl? 5% 10.080 x 365004 = 21 mn(l).

384E.l, 384 X 27579.29X 401 X 10°

11-12-1-4-Deflection Summary
Af, = —105.626 + 52.75 + 21 = —31.876 mm (Camber)

11-12-2-Deflection after slab hardened

11-12-2-1-Deflection Due to Prestressing Force After Simultaously Losses

__ 5Peel?  5x10283.57x10% x 797.3 X 365002

AP, = = ;
48E.I 48 X 28806.1X 632 X 10

=62.5 mm()

11-12-2-2-Deflection Due to Beam Self-Weight

__ Swprl* _ 5x25.240 x36500*

ADLpeam = 384E.l, 384 X 28806.1X 632 X 109 =32mn()
11-12-2-3-Deflection Due to Slab Weight
ADLg,, = Swppl* _ 5x 10.080 x 36500% 128 mn@l).

384E.I; 384 x 28806.1X 632 x 10°

11-12-3-Deflection Due to Barrier, Side Walk and Future Weaing Surface
Weights
_ Swprl* 5x 4.1 X 36500*
ADLpsw+ws = 384E., 384 x 28806.1 X 632 X 109

=5.2 mn{l).

11-12-4-Deflection and Camber Summary
At transfer, AP, — ADL) =- 62.5 + 32 +12.8 +5.2 = -12.5 mth(

11-12-5-Deflection Due to Live Load and Impact
Live load deflection limit (optional) = Span/800  [MA-100-D-V1/2 Art. 2.5.2.6.2]

= 36500/800 = 45.625 mm.
If the owner invokes the optional live load deflent criteria specified ifMA-100-D-
V1/2 Art.2.5.2.6.2 the deflection is the greater of:

* That resulting from the design truck alone, or

vy
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* That resulting from 25% of the design truck takegether with the design lane

load.

The LRFD Specifications state that all the beanmukhbe assumed to deflect equally
under the applied live load and impact. [MA-100-D-V1/2 Art. 2.5.2.6.2]
Therefore, the distribution factor for deflecti@FD, is calculated as follows:

DFD = (number of lanes/number of beams)

= 3/8 = 0.375 lanes/beam

However, it is more conservative to use the digtidm factor for moment, DFM.
Deflection due to lane load Design lane load, wDFNI) = 20x%(0.4277) = 8.55
kN/m/beam

swplt 5% 8.55 X 365004
384E.l. 384 X 28806.1 X 632 X 10°

ALLjgne = =10.85 mm().

Deflection due to Design Truck Load and Impact:

To obtain maximum moment and deflection at midsgdaa to the truck load, let the
centerline of the beam coincide with the middlenpaif the distance between the inner
260kN axle and the resultant of the truck loadstasvn inFigure 10.12.6-1

14661 12878

3 (51‘5 00
|

£6°60¢
LE'06C

Figure 10.12.6-1 Design Truck Axle Load Position foMaximum Bending Moment

Using the elastic moment area or influence linefledtion at midspan is:
At = (27.2) (M) (DFM) = (27.2) (1.33) (0.4277) = 15.47 ni).
Therefore, live load deflection is the greater of:

ALL = 15.47 mm. (Controls)

0.25ALT + ALL = 0.25 (15.47) + 10.85 = 14.7 mm.

Therefore, live load deflection = 15.47 mm. < alédde deflection = 45.625 mm. O.K.

V¢



Iodend) Bl ) 0 AWy g ool 1Y dod) — Y Y

12-1-SOLID SLAB BRIDGE DESIGN

Given
A simple span concrete slab bridge with clear deagth § of 9150 mm is shown in

Figure 11.1
The total width (W) isLl0,700mm, and the roadway 840wide Wg) with 75 mm @)
of future wearing surface

The material properties are as follows: Densitywafaring surface, = 2250 kg/n;
concrete density. = 2400 kg/m; concrete strength = 28 MPa, E; = 26 750 MPa;

reinforcement, = 420 MPa Es= 200,000 MPa; n = 8.

Requirements
Design the slab reinforcement baseMA100-D-V1/2 &V2/2 Strength | and Service |

(cracks) Limit States

_9I50 mm

& Bearing o€ Bearing

- 10 700 mm -
1220 mm | _ 3600 mm 3600 mm 1220 mm
E
_530 mm] = 530 mm
- o 22 A
~~
1\ AN L

— ]

Section

600 mm | |

FIGURE 11.1: Solid slab bridge design example
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Solution
1.Select Deck Thickness MA100-D-V1/2: Table 2.1
hmin =1.2 w =1. M = 486nm
30 30
Useh = 600 mm

2. Determine Live Load Equivalent Strip Width (MA100-D-V1/2: Art. 4.6.2.3 and
4.6.2.1.4b)

2.a. Interior strip width:

2.a.1. Single-lane loaded:

E =250+ 0.4Z/LW, MA100-D-V1/2: Eq.4.18

interior
L1 = lesser of actual span length and 18,000 mm

W, = lesser of actual width or 9000 mm for singlegldmading or 18,000 mm

for multilane loading

Eppieror = 250+ 0.42/( 915)( 9000=  4061m
275 mm 4300 mm . 4300 mm L 275 mm
| | |
260 KN 1260 KN 80| kN
A Ci I8
_ 9150 mm ]
RA= 38459 kN RB: 2154 KN

FIGURE 11.2: Position of design truck for maximum noment

2.a.1. Multilane loaded:

yva
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N, =INT W . INT 10,700 =2
3600 3600

W _10,700
Pd L
E

=5350nm

=2100+./ 915k 10,706 328@m< 5350n

interior

UseEinterior = 3287mm.

2.b.Edge strip width:

Eedge= the distance between the edge of the deck andsfue face of the barrier
+ 300 mm + % strip width < full strip or 1800 mm.

29
E 9287 = 2324 mm > 1800 mm

edge = 230 + 300 +

UseEegge= 1800mm.
3.Dead Load

Slab:Wgap = (0.6) (2400) (9.81) (18) = 14.13 kN/ .

Future wearingWs, = (0.075) (2250) (9.81) (I8) = 1.66
Assume 0.24 rhconcrete per linear meter of concrete barrier
Concrete barrier: Whbarrier = (0.24) (2400) (9.8107) = 5.65 kN/ m.
4.Calculate Live-Load Moments

Moment at midspan will control the design.

a. Moment due to the design truck (see Figure 11:2)
MLL-Truck = (384.59) (4.575) — (260) (4.3) = 641.5 kN. m

b. Moment due to the design tandem (see Figure 1).3

M- Tandem= (217.21) (4.575) = 993.735 kiX.

Design Tandem Controls

\AA%
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1200 mm

-

250 KN 250 kN
]
A Ci B
. 4575 mm
9150 mm
R, = 28278 kN R, = 21721 kN

FIGURE 11.3: Position of tandem for maximum moment

c. Moment due to lane load

M= % =209.%N m

5.Determine Load Factors and Load CombinationsMA100-D-V1/2 Table 3.1, 3.2)
a. Strength | Limit State load factors

Weight of superstructure (DC): 1.25

Weight of wearing surface (DW): 1.50

Live Load (LL): 1.75

Na = 0.95nr = 1.051, = 0.95

n = (0.95)(1.05)(0.95) = 0.9480.95

Usen =0.95
b. Interior strip moment (1 m wide)
Dynamic load factor IM = 0.33 MA100-D-V1/2: Table 3.8
Lane load M | Lane - 2093, 63.67%KN m
3.287
Live load M ., =0+ 0.33)%5+ 63.675% 465. KN m
2
Future wearing M ow =Wf"éL = (1.66)(9.15] =17.3KkN m
2
Dead load M e Wanl _ (14.13)(9.15) =147.8kN m

8
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Factored moment My =n[1.25Mpc) + 1.50Mpw) + 1.75M LL+m)]
= (0.95)[1.25(147.87) + (1.50) (17.37)1+76) (465.76)]
=974.57kN.m.

c. Edge strip moment (1 m wide]MA100-D-V1/2:Table 3.6.1.1.2-1)

End strip is limited to half lane width, use muléipresence factor 1.2 and half design

Lane load M | Lane = (@ 2)( )(2093) 69.7KN m

Live load MLL+,=(1+O.33)(1.2)§ 95"2:35)+ 69.7% 510.3R6l m

Dead load =(14.13+ ES)H) 180.7RN m

18- 053> 915

Future wearing M o = (1.66)( )=12.2KN m
Factored moment My =n[1.25Mpc) + 1.50Mpw) + 1.75M LL+m)]
= (0.95)[1.25(180.72) + (1.50) (12.25)1476) (510.326)]
=1080.48 kKN.m.

6. Reinforcement Design
a. Interior strip:
Assume No. 36 barg,=600-36-(36/2)=546mm.

Neglect the compression steel andget b for sections without compression flange

Af,

a
M = f d—— da=cfL,=———
o =P y( 2) anda=ch =8 b,

As can be solved by substitutiagnto M,, or

R =My o 9747 19 _36an /mm

gbd? ~ (0.9)(1000)(546)

f
__fy _420x10 . ey
(0.85f.  (0.85)(28)

\vAa
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1l f[2mR|__ 1 1_\/1_ 2(17.647)3.63)_ 1 500.
m f, | 17.64 420

Required reinforced stedl = pbd = (0.0094)(1000)(546) = 5132.4 rffm

Maximum allowed spacing of No. 36 bar = 1018/51320(1198 m.

Try No. 36 bars at 150 mm.

i. Check limits for reinforcement:

B1 = 0.85 for =28 MPa; see MOMRA Art 5.7.2.2

.c Asfy' _ (1018)( 429 —140.9nm
(0.85)3f b, 0.85(0.85)(28)(150)

140.9

C =20 25< 0.42...0K MA1003E/2: Eq.5.28
d 546
Onin - 1018 01040 (o.oaéﬁg = 0.002..QK
(150)( 549 42
Where:

Pmin = Minimum ratio of tension reinforcement to effeetconcrete area.

ii. Check crack control
Service load moment

Msa= 1.0[1.0Mpc) + 1.0Mpw) + 1.0M L+m)]= 1.0[147.87 +17.37+ (465.76)]= 631
kN.m

0.8, = 0.8 (0.63f ') = 0.8 (0.63N28 = 2.66 MPa

f = M = 631x 10 =10.9MPa= 0.8  Sectionis cracked MA100-D-
¢ g 1000 r
e (600)2

V1/2 Art.5.7.3.4.

YA«



) ey 3 dohna) Bl ) 0 ADMy e gl 1V Gkl

Cracked moment of inertia can be calculated as falwing:

A
-Determination of the position of the neutral axiss l <

54¢

_1 _ 1 _
B =(nA) = —(8)(1018)= 54.2¢

= E = i 150
b (ndA) 150(8)(546)(1018)= 59288.3 -« >

x =vB2+C- B=,/(54.20F +( 59288.3p~ (54.28) 195:t8n
-Calculation the moment of inertia of the crackedt®n.
§ =%bx3 +nA(d- X =%(150)(195.18§+ (8)(1018)(546 195.78) 1374.891°men’

Calculation the stress in the tension steel:

x 631x 10 x 150
(M2 X150, (d -x) ( jx(546— 195.13
=(8)

1
f_=n—1000 000 =193.3MPa
I 1374.09% 16
Calculation the allowable stress
fsa= 0.5y < 210MPa. MA100-D-V1/2: Figure 5.16

Use No. 36 Bar @150 mm for interior strip

b. Edge strip:
By similar procedure, Edge Strip Use No. 36 Bar @din.

7. Determine Distribution Reinforcement (MOMRA Art. 5.18.4.1)

1750 ; 1750
— <50 %. that 1s, ——=18.3%< 50%
L 49150

a. Interior strip:
Main reinforcement: No. 36 at 150 mm
1018

A ==——=6.79mn7 / mm
150

VAN
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Required transverse reinforcement = (0.183)(6.79)243 mm/mm.
Use No. 20 @ 250 mm

A —%—1 25mn? / mm

° 250
b. End strip:
Main reinforcement: No. 25 at 125 mm,

:@:8.144mmz / mm
125

S

Required transverse reinforcement = (0.183)(8. 4449 mni/mm.
Use No. 20 @ 200 mm

A, —%—1 57mn? / mm
200

For construction consideration, Use No. 20 @ 200ammss entire width of the bridge.

8. Determine Shrinkage and Temperature ReinforcemenMA100-D-V1/2 Art.
5.10.6)

> 750A; _ 750x (1000)(600), 1 100= 0.3387m? in each direction
P.f, 2(1000+ 600)(420)

Use No. 12 @ 300 mm in each direction at the top & the slab in each direction

9.Design Sketch
See Figure 11.4 for design sketch in transvers@sec

=12 @ 300 mm |
/ # 12@ 300 mm

.

\# Joe 150 mm

\\r"—O mm clr

75 mm||

C
|
|
. J
T \—# 36@ 125 mm !

#20@ 200 mm

25 mm clr /]

10.Summary

To complete the design, loading combinations forlialit states need to be checked.
Design practice should also give considerationotogiterm deflection, cracking in the
support area for longer or continuous spans. Fgelakew bridges, alteration in main
rebar placement is essential.
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