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DETAIL DESIGN

1. GENARAL

1.1 Location

Package A2 from Km81+364 to Km92+359, at Quang Nam province.

1.2 Structure

Bridge Station District

‘Commune

CB23 081+364 N1i Thanh

Tam Anh

ORB22 082+349 Nui Thanh

Tam Anh

OP18a 082+986 Nui Thanh

Tam Hiép

OP19 085+737 Nui Thanh

Tam Hiép

ORB23 087+709 Nui Thanh

Tam M¥

LRB12a 087+970 Nui Thanh

Tam M§

FO09 089+158 “Nai Thanh

Tam M¥

ORB25a 0914140 Nai Thanh

Tam M§

O e~ v AW N

CB25 0924359 Nti Thanh

Tam Nghia

Package A2

i~

No | Bridge | Type of girder

Arrange

1 CB23

1 Girder

1x40

ORB22

I Girder

3x21

OP18a

I Girder

1x27

Bl W

OP19

I Girder

1x27

ORB23

I Girder

1x33

6 LRB12a

I Girder

4x33

7 FO09

Void Slab
Girder

2x24

8 ORB25a

I Girder

1x21

9 CB25

I Girder

1x33

2. SPECIFICATIONS AND MATERIALS

2.1, Specifications

[1]. Specification for bridge design 22TCN-272-05
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References:
[1]. CEB — FIP model code 1990 (comite euro — international du beton)
[2]. Loads and effects design standard TCVN 2737-1995
[3]. Seismic standard TCXDVN375-2006
[4]. AASHTO LRFD 4™ edition, 2007 specification for bridge design
[5]. AASHTO LRFD 1" edition, 1998 specification for bridge construction
[6]. Transportation works in seismic zone - 22TCN221-95
2.2. Materials characteristics
a, Concrete:
Items Unit I girder Void Pier Abutment | Bored
Slab pile.
B girder o 3 _ o
Density kg/m3 2400 2400 2400 2400
Compressive strength at 28
age days, f’c, cylinder| MPa 40 30 30 30
specimen
E?jé‘%ﬂfﬁ‘?l};c MPa 31975 | 27691 | 27691 | 27691
Coefficient of ~Thermal | o |y ggo s | 10865 | 1.08e-5 | 1.08e-5 | 1.08¢-5
Expansion o
Limited compressive stress
- 0.45f¢ MPa 18.00
At service stage
Limited tensile stress -
0.5Vf'c MPa -3.16
At service stage
b. Reinforcement:
Reinforcement type Grade Elastic Modulus E(MPa) fy (MPa) fu (Mpa)
TCVN 1651 - 08
Plain round bar CB240-T 200 000 240 380
Deformed bar CB400-V 200 000 400 570

TCVN 1651-08. Dimensions and Mass of Rebar

" Designation | Nominal Diameter (mm) | . Section Area (mm®). | Nominal mass (kgfm)
Dé 6 28.3 0.222
D8 8 50.3 0.395
D10 10 78.5 0.617
D12 12 113.0 (.888
D14 14 154.0 1.210
Di1e 16 201.0 1.580
D18 18 254.5 2.000
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D20 20 314.0 2.470
D22 22 380.1 2.980
D25 25 491.0 3.850
D28 28 616.0 4.840
D32 32 804.0 6.310
D36 36 1017.9 7.990
D40 40 1257.0 9,860
D50 50 1964.0 15,420

c. Prestressing steel:

Uncoated strand with low-relaxation used in box girder shall conform to ASTM A416/ A416M-
99, prade 270. Cormresponding prestressing steel and anchorage systems have characteristics as

‘below.
o Type Unit Strand 15.2mm Strand 12.7mm
Areca of 1 strand mm?2 140 98.7
Ultimate strength £,y MPa 1860 1860
Yield strength f,y MPa 1670 1670
Elastic modulus MPa 197000 197000
fg;c;ifn coeff./ unit ! 6.60-4 6.60-4
Angle friction coeff. Rad’ 0.25 0.25
Wedge slip mm 6 6
Relaxation 2.5% (low relaxation) after 1000 hours, at 20°C and

0.7Pwm

Ei:?‘(s)trl;:e:f;zggfz I‘i(ilestalling KN 195 137
Nominal mass kg/m 1.101 0.774

Notes: friction coefficients - angle and unit length, wedge slip are assumed. Final values are in
accordance with prestressing steel and anchorage testing resull.

d. Steel structure:

Welding shall be in accordance with AWS D1.5 “Bridge Welding Code™.

Structural steel used in design, its mechanical property and the limitation of thickness are

indicated in tables as below. The modulus of elasticity will be taken as 200 GPa.

. = . — T A%0M ATIOM
> | grade 250 | grade 345 | grade 345W TaasW | 690/690W
Thickness of plates, | Upto 100 | Upto 100 | Upto 100 Up to 100 Over 65 to
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mm incl. incl. incl. incl. 100 incl.
All All Not .
Shapes Groups Groups All Groups applicablc Not applicable
Minimum Strength,
Fu, MPa 400 450 485 485 690
Minimum yield
strength, F%,, MPa 250 345 345 345 620

* Fy : Specified minimum yield point or specified minimum yield strength.
e. Others Steel structure:
Nuts and bolts of steel guardrail shall conform to ASTM A307, steel tubes shall conform to

ASTM A500, grade B. Galvanizing of rail elements shall conform to ASTM A123, nuts and
bolts shall conform to ASTM A153.

ASTM designation | A500-grade B . | A307 grade A
Minimum Strength, Fu, MPa 414
Minimum yield strength, #,, MPa 290
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3. LOADS
eigh
Unit weight of reinforcement concrete 24.50 KN/m’
Unit weight of structural steel 77.01 kN/m’
Unit weight of Asphalt concrete 22.1 kN/m®

3.2, De ds st

a) Wearing surface weight:
Traffic lanes:
+ For Thruway bridges:
8.0 cm asphalt + 0.4 ¢cm water proof membrane:
+ For Flyover bridges:
7.0 cm asphalt + 0.4 cm water proof membrane:
b) Curb and rail at side:
+ For Thruway bridges( for one bridge):
Parapet -+ Median strip:
(0.56+0.408)m* x 24.5kN/m’

Il

23.7 kN/m
+ For Flyover bridges:

Parapet + steel rail for 2 side:

(0.416)m%x 2 x 24.5kN/m’ + 1.25x2 kN/m = 22.9 kN/m

¢) Miscellaneous dead loads:

(traffic lights, water drainage ...) 2.00 kN/m assumed
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Live

Vehicular live loading on the roadways of bridges or incidental structures, designated HL-93,
shall consist of a combination of the:
e Design Truck or design Tandem, and

e Design lane load

Design Truck
iz
V2=43109.0
145kN
1.2m
Design 1
Tandem T g
110kN 110kN

9.3 kN/m
| | LITILLLLLLLLLL] )

T A A L

Design 2 Trucks - 15m |

| 4.3m 43m |, 15.0m | 430m | 43m
35kN  145kN  145kN 35kN  145kN  145kN

Dynamic load allowance IM of vehicular takes as below table.

_ Components: . _ o IM
Deck Joints - all limit states 75%
All other components

» Fatigue and fracture limit state 15%

o All other limit states 25%
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Dynamic load allowance need not be applied to foundation components that are entirely below
ground fevel.

Unless otherwise specified, the extreme force effect shall be taken as the larger of the following:

¢ The effect of the design tandem combined with the effect of the design lane load, or

¢ The effect of one design truck with the variable axle combined with the effect of the
design lane load, and

e Tor both negative moment between points of contraflexure under a uniform load on all
spans, and reaction at intetior piers only, 90 percent of the effect of two design trucks
spaced a minimum of 15 000 mm between the lead axle of one truck and the rear axle of
the other truck, combined with 90 percent of the effect of the design lane load. The
distance between the 145 000-N axles of each truck shall be taken as 4300 mm.

Multiple presence factors “m” for live load.

Number of loaded lanes | Multiple presence factors “m”
1 1.20
2 1.00
3 0.85
>3 0.65

3.4. Braking force

The braking force shall be taken as the greater of:

s 25 percent of the axle weights of the design truck or design tandem or

e 5 percent of the design truck plus lane load or 5 percent of the design tandem plus lane

load.

This braking force shall be placed in all design lanes which are considered to be loaded in
accordance with Article 3.6.1.1.1 and which are carrying traffic headed in the same direction.
These forces shall be assumed to act horizontally at a distance of 1800 mm above the roadway
surface in either longitudinal direction to cause extreme force effects. All design lanes shall be
simultaneously loaded for bridges likely to become one-directional in the future. The multiple
presence factors specified in Article 3.6.1.1.2 shall apply.
3.5, Temperature lo

3.5.1. Uniform temperature:

" Annual average Temp. | . Maximum Temp.. - ‘Minimum Temp. -

+25°C +47°C 10°C
e Reference temperature:  +25°C.
e Uniform temperature:
‘Structure . ) | Increase  Decrease
Reinforcement conctrete +22.0 ~-15.0
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3.5.2. Gradient temperature:
Positive gradient Negative gradient
— T i L
A ; f <]

\arable

I
/

03

Variabls

n—"]_ s
T1=-7°C
T2=-1°C

™= 0'C
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3.6. Wind load

Static wind load:

Bridges of package A4 locates in Quang Ngai province. According to TCVN 2737-1995 -
Appendix E, bridge is in wind region IIl. Following 22TCN-272-05, sec. 3.8.1:

Design wind speed V= S8.Vp where Vg = 53.0 m/s

Vi — 3 second gust wind velocity with 100 years return period can take from table as below:

Wind region Vg (m/s)
TCVN 2737-1995 : )
| 38
11 45
111 53
v 59

S — correct coefficient for wind zone and elevation of deck slab can takes from table as below:

Elevation-of deckslab Exposed area Forest, houses area - | houses area with’
~ upper ground area or - “with maximun trees, | houses height >10m
" water plane - - houses height 10m L C
10 1.09 1.00 0.81
20 1.14 1.06 0.89
30 1.17 1.10 0.94
40 1.20 1.13 0.98
50 1.21 1.16 1.01

Elevation of deckslab upper ground area - exposed area.
Horizontal wind pressure Pp = 0.0006 V2 Cy = 1.8 (KN/m2)

Cq — obstacle coefficient depends on ratio b/d
b — overall width between handrails
d  — superstructure height including solid parapet

Wind load on vehicular:

For strength combination III, wind load on vehicular and on structure have to simultaneously
consider (wind speed 25m/s). Wind load on vehicular in tranversal direction, is 1.5 kN/m at 1.8m
height from asphalt surface. Wind load on vehicular in longitadinal direction is 0.75 kN/m at
1.8m height from asphalt surface.

3.7. Earth Quake

a. Acceleration coefficient, site coefficient and response spectrum:

As for earth quake distribution map of Viet Nam in 227CN-221-95, bridge locates in seismic
zone with grade 7 following MSK-64 scale. According to 22TCN-272-05 sec 3.10.4, Package A4
is in seismic zone No.2.

. Acceleration coefficient ‘Seismic zone. . MSK-64 scale.
A <0.09 1 grade 6.5

0.09<A<0.19 2 6.5 <grade <7.5

0.19 < A <0.29 3 7.5 <grade <8
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According to “Seismic standard TCXDVN375-2006", peak ground acceleration coefficient:

No | Bridge A
1 CB23 0.058
2 ORB22 0.058
3 OP18a 0.058
4 OPi19 0.058
5 ORB23 0.058
6 LRBI2a 0.058
7 FO09 0.058
8 ORB25a 0.058
Y CB25 0.058
Coefficient site S: accordmg to geologlcal data survey, at Package A2, soil pmf le type isl
| _Slte coefﬁc}ent . Sﬁnl profile typeIH v '
S 1.0 1.2 1.5 2.0

Seismic design response spectrum for soil profile type I for Package A4 brige is stipulated in
specification for bridge design 22TCN-272-05.
Response spectrum:

L3

* ROTE DOTIED L% SHUVS FCRY CF CORFAUENT FOR
A1 BYRE 11 WK l.” 1% LEES TRUN G

R ~ SOIL PROFILE TYPE
;\ N =~ SOIL PROFLE. THPE f
g /- $OIL PROFILE TYRE i

$OIL PROFILE TVPE |

e

o

NORAMAMATED DESIGH COEFFICIENT
3

i 1 § 1 L

F— -]
=

0.5 10 1.6 ] 28 i

PERIOD - BECONDS
b. Response modification factor:
Because of important of briges in package A4 - essential category, response modification factors
show in table as below are proposed in design.
Response Modlficatlon Factor

R Components, .. | -~ -~ R
Single column 2.0
Multiple column bents 3.5

Connection: columns, piers, or pile bents to

1.0
cap beam or supersiructure; columns or
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piers to foundations
Foundations 1.0

¢. Analysis:

Seismic demands shall be determined by elastic response spectrum analysis. The number of
modes included in the analysis shall be sufficient to get a participating mass of approximately 85-
90%. The seismic response spectrum is defined according to Section 3.10.6 of 22TCN-272-05.
Response Spectrum - Single mode method is simultaneously used.

Combination of seismic force effects in different directions is used as follows: 100% for one of
the perpendicular directions combined with 30% for the other perpendicular direction.

3.8 a rink

Creep and shrinkage effect are followed CEB-FIB model 1990 , base on construction schedule,
material characteristic and structural dimensions. See attached construction schedule .
Average annual humidity is 80.0%.

4, LOAD MODIFIER FACTORS AND LOAD COMBINATIONS

4.1. Load modifier factors

Each component and connection shall satisfy equation as below for each limit state, unless
otherwise specified. For service and extreme event limit states, resistance factors shall be taken
as 1.0, except for bolts, and for concrete columns in Seismic Zones 3 and 4. All limit states shall
be considered of equal importance.

2ni. 7i. Qi < ¢. Rn=Rr

Where:

ni:  load modifier factors

vi:  load factors

¢:  resistance factors

Qi: forces effect

Rn: norminal resistance

Rr: factored reistance

For loads for which a maximum value of yi is appropriate: ni=np x nr X N1 = 0.95
For loads for which a minimum value of yi is appropriate: ni = 1/(npx qrxmp) < 1.0

For this bridge: : . - —
- Factors .| _Sign ~_ Limitstates |  Value .
_ N Strength 1.0
Factor relating to ductility o Other 1.0
Factor relating to redundancy TR ?}t;::rgth ig
Factor relating to operational importance i gttr;::rgth }8
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Load modifier factors used in design:
: Load modifier factors for loads for which ni
A maximum value of load factors is appropriate 1.0
A minimum value of load factors is appropriate 1.0
4.2. Load combinations
Design load combinations:
Load | LL
Combinations IM
T ' ; CE ] TU _
- DC | DW | BR | WA| WS | WL | CR | TG | SE | EQ | CT
Limit states 1 PL SH ' R
i LS
Strength — JA 1.25 | 1.50 1.75 | 1.00 - - 0.50 - 0.50 - -
Strength — IB 0.90 { 0.65 1.75 | 1.60 - - 0.50 - 0.50 - -
Strength — ITA 1.25 1.50 - 1.00 | 1.40 - 0.50 - 0.50 - -
Strength — 11B 0.90 | 0.65 - 1.00 | 1.40 - 0.50 - 0.50 - -
Strength — I11A 1.25 | 1.50 1.35 | 1.00 | 040 | 1.00 | 0.50 - 0.50 - -
Strength — 1B 0.90 | 0.65 1.35 | 1.00 | 040 | 1.00 | 0.50 - (.50 - -
Service — 1 1.00 { 1.00 1.00 | 1.00 § 030 | 1.00 | 1.00 | 0.50 | 0.50 - -
Service — 111 1.00 | 1.00 | 0.80 | 1.00 | 0.30 | 1.00 | 1.00 [ 0.50 | 0.50 - -
ExtremeT — [A 125 | 1.50 | 0,50 | 1.00 - - - - - 1.00 -
ExtremeT - IB 0.90 § 065 | 0.50 | 1.00 - - - - - 1.00 -
Extremel — IC 1.25 1 1.50 | 0.50 [ 1.00 - - - - - 1.00 -
Extremel. — ID 090 [ 0.65 | 0.50 | 1.00 - - - - - 1.00 -
ExtremeT - IIA 1.25 | 1.50 | 0.50 | 1.00 - - - - - - 1.00
ExtremeT - 1IB 0.90 | 0.65 0.50 | 1.00 - - - - - - 1.00
Extremel. - IIC 125 | 1,50 | 0.50 | 1.00 - - - - - - 1.00
Extremel.-1ID | 0.90 | 0.65 | 0.50 | 1.00 - - - - - - 1.00
Where:
DC Dead load TG  Gradient temperature
DW Pavement dead load TU  Uniform temperature
BR Braking force WA  Walter pressure
M Impact load WL  Wind load on vehicular
LL Live load WS Wind load on structure
PL Pedestrian load EQ  Earth quake
SE Settlement CT  Vehicular collision force
CR Creep EL  Accumulated locked-in force
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Other loads, such as: horizontal earth pressure (EH), earth surcharge load (ES), vertical pressure
from dead load of earth fill (EV) are used for substructure design, load factors of these conform
to bridge design specification 22TCN 272-05.
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CALCULATION SHEET
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121 Girder, $=2.55m
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7.2 Deflection of Girder due to Concentrate Prestressing Moment:
7.3 Deflection of Girder due to Uniform Prestressing Forces:

7.4 Deflection of Girder in Stage 1



1. INPUT DATA:
1.1. General Data

Specification for bridge design: TCN 272-05
Live load HL93
Impact {or dynamic) of the live load I = 0.25
Pedestrian PL = 0.00 (KN/m?)
Length of Girder Lg= 21.00 (m)
Span between support Ly = 20.30 (m}
Carrlageway width in bridge w= 11.75 {m)
Parapet width c= 0.50 (m)
Bridge width B= 12.75 {m)
Number of girder Ng = 5.00 girder
Space betweem 2 girders S= 2.55 {m)
Distance from inside of parapet to exterior girder center dg = 0.78 (m)
Width of bridge deck bgs = 12.48 (m)
Length of the overhang (cantilever arm length) Ly = 1.28 (m)
Thickness of bridge deck t:= 0.22 (m)
Precast plank width by = 1.95 {m)
Precast plank thick hp= 0.08 (m)
Pavement thick hpa ® 0.084 (m)
1.2, Girder dimension;
b Width of over part by = 800.00 (mm})
|‘—_bt_°| by = 600.00 (mm)
f— hy Width of under part by = 600.00 (mm)
My — 15 Girder high =1 1/1200:00} (mm)
F= — hy = 80.00 (mm)
h = 200.00 (mm)
by, he |n Cross section al end at the midfe
Wy by = 600.00 200.00 (mm)
'—“_—"Lh h*y = 37.00 110.00 (mm)
_———-—;f-h"" h',=  963.00 440,00 (mm)
L > hy = 0.00 250.00 {mm)
I iy = 0.00 200.00 (mm)
1.3. MATERIAL PROPERTIES:
1.3.1 Concrete:
Girder concrete
Girder concrete strength at the 28 age days fe= 45.00 MPa
Unit weight of Concrete y.=  2450.00 kG/m®*

Modulus of elasticity
Deck concrete

Deck concrete sirength at the 28 age days

Unit weight of concrete
Modulus of elasticity
1.3.2 Prestressing steel
Diameter of one strand
Area of one strand
Ultimate Tendon strength

Yield strength of prestressing steel

Modulus of strand

Wobble friction coefficient (mm-1}
Coeficient of friction (1/RAD)

Number of Strands in one Tendon

Area of one Tendon

Stress in the prestressing steel at jacking

Jacking force for one tendon
Anchorage set
Area of one duck
Number of Tendons

1.3.3 Reinforcing Steel:
Yield strength (deformed bar)
Modulus of steel

E, = 0.043 v, sart(f) =

£, =075 fp =
P, =
AL =
Ag =
N=

fD‘:'
E,

34980.32 MPa

35.00 MPa
2450.00 kG/m®
30849.75 MPa

12.70 mm
98.70 mm’

1860.00 MPa
1674.00 MPa

195000.00 MPa

6.60E-07 mm™
0.25

9.00 Strands

88830 mm*
1385.00 MPa
1239.18 kN

6.00 mm
3318.31 mm*

4.00 Tendons

400.00 (MPa)

200000.00 (MPa)

(5.4.2.4-1)

{5.4.2.4-1)
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2. INTERNAL FORCE:!
2.1, Dbead Load:

2.1.1 Load:

Interlor Beam:
Bridge deck DCy= 13.58 (kiN/m)
Precat plank & cross beam DCy = 4.23 (kN/m)
Parapet DCpy = 4.74 (kNfm}
Pavemsnt DW, = 4.44 (kN/m)

Extarior Beam:
Bridge deck DCy = 13.58 (kNfm)
Precat plank & cross beam DCp= 2.12 (kNfm)
Parapet DG, = 4.74 (kN/m}
Pavement DW, = 4.44 (kN/m)

2.1.2 Internal Force due to dead load:

Formula : M= 0.5 g.% {L-%)
Q= q.0.5.L-X)
L“ = 20.30 (m)
i o A e s A * “INTERIOR‘GIRDER' T T L L e s e e
Girder (DC) Concreta Deck (D&) | Plank & cr.beam (DC) Parapet (DC) Pavement (DW)
Section I M Q M Q M Q M Q M I
(m} {KNm) {kN) {kNm) (kN} {kNm) (kN) (kNm) {kN) (kNm} (kN
Support] 0.00 0.00 149.65 0.00 137.7¢ 0.00 42.95 0.00 48,11 0.00 45.08
L/8 2.54 332.26 112.23 305.95 103.35 95.36 32.21 106.82 36.08 100.09 33.81
Li4 | _5.08 569.59 74.82 524.48 68.90 163.48 21.47 183.12 24.06 171.59|__ 22.54
3L | 7.61 711.99 374 655.60 34.45 204.35 10.74 228.90 12.03 214.49 11.27
Li2 10.15 0.00 217.97 0.00) 244.16 0.00 228.79 0.00
3 s EXTERIOR Gl T L i e e S EREE
Support| 0.00 | 000 1 149.65 0.00 137.79 (.00 0.00 48.11 .00 45.08
L/8 2,54 | 332.26 112.23] 30895 103,35 47.68 . 106,82| 36.08]  100.09 33.81
Li4 5.08 | 569.59 | 74.82 524,48 68.90 81.74 21.47| 183,121 24.06 171,59 22.54
_aus | 761 | 711.99 37.41 665.60 34.45|  102.47 10.74 228.90 12.03 214.49] 11.27
L2 10.15 759.45 0.00 £699.30 0.00 108.98 0.00 244.16 0.00 228.79 0.00
2.2 Live Load:
2.2.1. Distribution factors for Live load:
Modular Ratio: Girder Concrete/Deck Conerete n=E,/Ey= 1.13
Distance from girder centroid to bridge deck centroid e' = 702.42 (mm}
ey = 702.42 {mm)
Longgitudinal stiffness parameter Kg=nllg+Ae)= 7.8E+11
KEg=n{lg+ Ae’)= 7.8E+11
Ralion Klg /(L= 3.52
\ Ko /(L t%) = 3.52
S/L= 0.13
{a) Pistribution Factor for Moment: o)
Interior Beam:
s 04 S]m K a1
0.06+ —— =] =
For cne lane (430J [L 7 0.554
s us(s}oz K 0.1
T 0075+ — | [ | =] = A
w0 or more lanes (2900] L) \Te 0.768
Extorlor Beam:
For one lane, follow the lever rule X2
600 1600 X1
Xy=  925.000 LI
Xo= 272500 AR
Y, = 0.363 =
Yy = 1.069
= g(M) = 0.5*2yi = 0.716 LA s
Two or more lanes d
e=077T+——=-= 1.047 < {=}1
2800
Choice e= 1,047 IF(e>1,1.€)
=> g{M) =" Girorg = 0.804
{b) Distrlbution Factor for Shear force: g(Q})
Interior Beam: 3
E [ 0.36 + = 696
or one lane 7600 0.6
Two or more lanes s PR
02+ —-|——1| = 0.852
3600 (10700 }
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Extorior Beam:
For one lane, follow the lever rule

g(Q) = 0.5'%yi = 0.716
Two or more lanes de

e=0.6+
3000

=> g{Q) =™ QJirong =

= 0.868

{c) Correction factor for skew bridge:
* Correction factor of distribution factor for moment (Table 4.6.2.2.2d-1}

Skew angle 0= 20 Degres. |Area.of applications
Factor ¢l= 0.000 300<=9<=600 - -
Correction factor CF(M)= 1.000 1100<=8 <= 4900

CF(M) = 1.0 - cL.{tan6)"* Nb >=4

6000 <= | <= 73000

0.25 o5
cl=0.25.[ Kg ] (5)
Lis? L

* Regulation factor of distribution factor for shear force (Table 4.6.2.2.3¢c-1)

Area of applications
Correction Factor CF{)= 1.050 00<=0<=600 -~

1100<=§ <= 4800 .. - -
6000 <= | <=.73000"

Lis® ’ 4 ;
CF(Q) = 1.0+0.2«{~'—} tan@ Nb = 4
Kg

{d) Table of Distribution factors for Live load:

Intetior Beam a(v) Q) m g | (@) [mra(MyCRM] mig(Q)CR@)
1lane 0.554 0.696 1.20 0.665 0.835 0665 | 0876 _
2 or more lanes 0.768 0.852 1.00 0.768 0.852 0.768 0.894
Extorlor Beam
1 lane, 0.718 5716 |_1.20 | 0850 | 0858 | 0889 0.902 |
2 or more langs 0.804 0.731 1.00 0.804 0.731 0.804 0.767
2.2.2 Live Load:
——
—_—
Design Truck . —_—
Yild g T S i T rrry
4:20m 4.30m 1o 8.00m
P,=35kN  P,=145kN  (use4.30m) f P,= 145kN
W = 9.3kN/m
Besign Lane Load ¢¢¢¢¢L¢l¢¢¢¢i¢¢¢¢¢¢¢¢
b P, Fr ey ////llll///////[llll‘/ T i ’d
Design Tendem t20m
P,=110kN I(P1=110kN
- Truck Pt1= 35,00 (kN)
P2= 145.00 (KN}
- Lane load = 9.30 {kN)
- Tandem P1= 110.00 (kiN)
- Pedestrian PL= 0.00 kN/m®
- Dynammic load M = 0.25

2.2.3 Internal Force due to Live load:
Design truck or Tendem Momen Mrgers = ZPiyi
Shear force  Qurqay = ZP1Yi

Lane foad Momen Myn = W.Fu
Shear force  Quo = W.Fq

Pedestrian Momen Mp, = PL.Fu
Shear force  QpL = PL.Fq

(ikNm)
(kN)

(kNm)
(kN)

{kNm}
(kN)
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Influence line for Momen & Shear force L.oad Shear
Section at 1/2L Truck 1262.38 116.96
w= 51,5113 HGIKN} 45(kN) 35(kN]
@om 200 8100 2,00 1{AN)2.00 5.00 1800 2100 2400 2700 Lane 479.05 23.60
ulrr.r/ 2
8 EEE 8 Tandem 1050.50 103.50
1§5{kN) 145{kh) A5(kN}
w'= 25376 Design 1262.38 116.86
w' = -2.6378 1’;“4)
D.;oi 3.00 6.00 0.00 5 “46.00 18.00 21.00 24,00 27.00 R 000 0'00
w 3 8 Pedestrian
g 9 <
ISection at 3/8L Truck 1218.41 157.58
we 48292
35(RN) 145(kN; 145{KN)
@ 0.00 4.0 6.00 "ﬂoo 1igey 8% 100 200 2400 27.00 Lane 44911 36.87
o & & Tandem 997.22 131.00
w' = 1427 145(kR} 145(kN) 35(kn)
w* = -3.965 Design 1218.41 157.58
r‘ 140kN)
[
@ 000 3.00 soo P - 1s.mR 18.00 21.00 24.00 27.00 0.00 0.00
L 8 5 5 g Pedestrian
] 9 L
[Saction at 1/41. Truck 1005.91 198.21
w= 38633 [zs(sm)
110
0.00 3.00 [ 9. 12.00 46.00 18.00 21.00 2400 2700 Lane 359 29 53 10
S - -
w0 B g
palihid - . Tandem 804.38 168.50
145N} 149 kN} IBLKN)
w' = 0634
wt = -5.709 1104 Design 1005.91 4198.21
®uco 300 6. 2.4 g315.0:» 1800 2100 2400  27.00 5% .00
e g ?F?. ‘?’ Pedestrian
q 9
[Section at 1/8L Truck 606.04 238.83
145(KN terore o) w= 22636
D.Ut;m(kmm" 0.00 9.00 12.00 15.00 18.00 21.00 2400 j;lm Lan 20959 7227
gy 2 - Tandem 471.97 186.00
145(KkN 1454 35(kN) w'= 07159
wrs 7771 Deslan 606.04 238.83
@ 110(kN|
0.00 iﬂ’_ﬂ_@, X 15.00 18.00 2100 24.00 27.00 000 0'00
g 9 ] bt Pedestrian
79 ES
At support Truck 0.00 279.46
1H5{KN) 145(kN) 35(kN} w= 0.000
@ Lane 0.00 94.40
0.p0 110?'33 6.00 .00 12.60 15.00 18.00 21.00 24.00 27.00
Tandem 0.00 213.50
145(kN) 145{kN) 35(kN) w'= Qoo
i0ikh) w' = -10.160 Pesign 0.00 279.46
,,_.——v—‘"_"_'—._-_._.—
@ u.m_..m—- 1200 500 1300 2100 2400 2700
g3 & & 0.00 0.00
< 9 Pedestrian
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Internal Force dus to Live load :

Internal Force due to pedestrian :

In which:

Mgy Moment due to truck or Tandem
Qrrag  Shear force due to truck or Tandem

yi valua of influence line
m Lane factor

M = g(M} * MpL
Q=g{Q}* Qp

Mo = Mg(M) * [max{Mrr, Mo} (1+IM) + M)
Qqiamn = M*G(Q) * [max{Qur, Qral"(1+IM) + Qun)

F Area of influence line
g Distribution factor

interior mrg()] _m*g(Q)
0.768 0.894
Exterior
0.859] 0.902

TABLE OF INTERNAL FORCE DUE TO LIVE LOAD

Interior Girder Exterior Girder
Setion Xi W Q ¥ 3

{m) {(kNm)__ | (kN} {kNm) (kN)
Suppert 0.00 0.00 396.70 0,00 | 400.00
e} 254 | 743.07 | 331.52 830.60 334.26
4 508 | 124212 | 268.98 | 1388.44 | 271.28
e | 761 | 1515.22 | 208.07 1693.71 210.86
L2 10.15 1580.45 151.80 1766.62 153.10

2.3 Load combination:
Strenglh limit state:
Service limit state:

U = 7 [1.25 DG + 1.50 DW + 1.75 {LL+IM)]
U =7 [1.00 DC + 1.00 DW + 1.00 {LL+IM}]

Fatigue state: U=0.75 (LL+IM))
The modify load factort N=ENp MR M
STATE Modify Load Factor ;
Mo MR Ul N =No RN
___Strenglh | 100 | 400 1 100 | 1.00
Service 1.00 1.00 1.00 1.00
2.3.1 Load combination - - Interior Girder:
STATE |Strength
Load Section
Load Factor Support L/8 L/4 38
— ¢ | ™ | o | wm_[ a | M | Q| ——wm ] & — Q
T e G [y [ G LGN ()L _(Nm) Ny
oC 1.25 0.00] 473.13| 105049 _364.84] 1800.83| 236.56] 2251.04) 118.28 0.0
DW_ |_1.60 | ©0.00[ 6762  150.14) 50.72] _ 25739 _ 33.81 321.73] 0.00|
LL+IM 1.75 0.00] 694.23 1300.37 580.16] 2173.71 470.71 2651.64 265.66
Total 0.00[ 1234.97 25601.00 986,72] 4231.93 741.08 5224.42 265.66
STATE |Service
Load Load Section
Factor Support L/ Li4 3L./8
I M Q M  Q | Q M i Q]
(kNm) | _{kN) (kNm) (kN) (kNm) (KN} {kNm) | - {kN)
DC_ | 100 | 000 378.50|  840.39)  283.88| 1440.67] _ 180.26 1800,83 0.00
pw | 1.00 | 0.00] 45.08]  100.09 33.81 171.59) 22.54| 21449 .00
LL+IM 1.00 0.00] 396.70 743.07 331.52] 1242.12 268.98 15156.22 151.80
Total 0.00] 820.28 1683.65 649,21 2854.38 480.77 3530.55 4151.80
2.3.2 Load combination - Exterlor Girder:
STATE |Strength
Load Seclion
Load factor Supprt L/8 L4 3L/8
B oy M 1. a M Q| M Q_ | M Q-
(Nm) | (kN) | (kNm) kN (kNm) | (kN) {kNm) {(kN)
DC | 125 | 000 473.43]  990.89) 354.84| 1698.66] 236.56 212333 0.00
pw | 150 | 000 6762] 150.14 50.72|  257.30 33.81 32173 91 0.00
iLL+IM 175 0.00] 700.17 1453.55 585.12] 2429.77 474.74 2964.00 267.93
ﬁotal 0.00| 1240.91 2594.57 990.68| 4385.81 745.11 5409.06 267.93
STATE |Service
load Section
Load | factor Support 78 4 378
[ 2N D A N« —wm [ o [ ™M )} Q I R I * @
T T am) | (kM) (KNm) TNy | (kNm) | (kM) (KNm) kN ARN)
DG 1.00 |  0.00 _ 378.50 792.71 283.88|  1358.93 _18_!3.2_5_#1698.66 - 000
DW 1.00 ~_0.00 45.08 100.09 33.81| _ 171.59 22.54 21449 000
LL+IM 1.00 0.00] 400.09 830.60 334,36] 1388.44 271.28 1683.71 153.10
Total 0.00| 823.68 M 652,04, 2918.96 483.07 3606.86 163.10




3. TENDON PROFILE AND PROPERTY OF GIRDER CROSS SECTION
3.1. Tendon profile:
Tendon profile follow Parabol equation:

B 4(f —c)x(l—x)

yl = f lz
in which: Origin of coordinates in left edge of the Girder bottom (0.0}
f Maxirmum deflection at mid span of tendon
c Distance from maximum deflection point to girder bottom
{XLy5) Coordination of point under consider i =1,2...
L actual distance between cable ends (X-axis)
L, = X-X;  Distance between 2 point under consider
angle of rotation of tendon for X-axis Tan(o) = (4.5 (1-2.X /L) /L
w=2f/05L-tan{c)
Lepan = 21000 {(mm)
L, = 20300 (mm)
Leap= 20700  (mm)
B f=]: -945 (mm) | Lcap=|_20700 | {mm} = o 24000 [mm)
Section | Xi | Yi_ | Lp Ilcap | Tan(@i) (@) Zo Section |
(mm) {rmm) {mm) {mm) {rad) (rad)
TENDON No Anchorage 0.00| 945.00 0.00 0.00{ 0.1826 0.0000 0.0000| Anchorage
1 Support 200.00| 916.87| 200.00] 200.00| 0.1791 0.0035 0.0035| Support
s | 273750 607.61| 2637.50 2737.50| 0.1343 0.0483( 00518 L8
L4 §275.00| 386.72|2537.60| 5275.00| 0.0895 0.0931 0.1449 L/4
3L/ | 781250  254.18) 2537.50 7812.50] 0.0448 0.1378 0.2827 3Li8
L/2 10350.001 210.00| 2537.50! 10350.00] ©0.0000 0.1826 0.4653 Li2
- f=] “Ttmmy | Leap=| 20700 [(mm) C = [+ 290: 7 (mm)
Section Yi Lp | Zlop | Tan(@) | (@ | = | Section
{mm) (mm) {mmj} (rad) (rad)
TENDON No Anchorage| ~705.00] 0.00 0.00[ 0.1362|  0.0000| 0.0000| Anchorage
2 Support | X 681.46| 200.00] 200.00] 0.1336 0.0026 0.0026| Support
N  422.70| 2537.50 2737.50] 0.1002]  0.0360| _ 0.0387] L/g
- L4 2 237.87| 2537.50] 5275.00[ 0.0668 0.0694 01081 L4
aLig 7812.50]  126.97| 2537.50 7812.50]  0.0334 0.1028| 02109, 3L/8
Li2 10350.00 90.00| 2537.50| 10350.00] 0.0000 0.1362 0.3472 Li2
I T Tofp=| 20700 [tmm) | C=|: 900 se{{mm)
Section Lp | sicap | Tan(@) [ (0 | Zo_ | Section
(mm) {mm) {rad) {rad)
TENDON N [Anchorage] ~ 0.00 465.00 0.00] _ 0.00 0.0899 0.0000]  0.0000| Anchorage
3 ° Support | 200.00] 450.65] 200.00| 200.00 0.0881|  0.0017] 0.0017| Support
_Lis 2737.50| 292.86| 2537.50) 2737.50 0.0661 00238 00265 LB
Li4  5275.00) 180.18 253750 5275.00f 0.0441 0.0458]  0.0713 Li4
- 3L/8 | 781250 112.64| 2537.50| 781250 ©0.0220 0.0678 0.1391 3L/8
L2 10350.00 00.00| 2537.50| 10350.00] 0.0000 0.0899 0.2290 L2
- f=[ne226000 (mm) Lcap =] 20700  |{(mm) = [0 90| (mm)
Section | Xi | Yi Lp Tlecap | Tan{e) | (@ | 2o | Section _
{mmy} {mm) {mmy} {mmy} (rad) {rad)
TENDON No Anchorage 0.00[ 226.001 0.00 00| 00435 ~0.0000|  0.0000| Anchorage
a “Support | _200.00; 219.83| 200.00 200.0| 0.0426| 00008  0.0008] Support
1/8 | 2737.50| 163.03}2637.50| 2737.5| 0.0320 0.0115| 00123 L8
L4 | 5275.00 122.46) 2537.50|  5275.0| 0. 0213 0.0222| 0.0345 L4 |
~3L8 781250 98.11|2537.60| _ 7812.5| 00107] 0.0328)  0.0673) 3L/8
L/2 10350.00 90.00| 2537.50{ 10350.0] 0.0000 0.0435 0.1108 L/2
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B TENDON No 1 TENDON No 2 TENDON No 3| TENDON No 4
Section X Y, X % Y, X Y,
{mm) (mm) (mm) } (mm) | (mm) {mm) (mm} (mm)
Anchorage 0.00]  945.00 0.0] 705.00 0.0| _465.00 0.00] _ 225.00
" Support 200.00{ 916.87|  200.0| 681.46 200.0]  450.65| 20000  219.83
1 1000.00| 809,83 _000.0| £91.90| 1000.0[ 396.04 1000.00} _ 200.17
2 2350.00|  649.12| 2350.0| 457.43| 235001 314.04} 2350.00 170.66
3 | 3350,00|  546.20| 3350.0( 371.31) 33600/ 26153 335000 151.75
L/8 2737.60]  607.61| 2737.5| 422.70| 2737.5| 292.86 2737.50|  163.03
4 a350.00l T 457.01| 4350.0| 206.68| 4350.0| 216.02] 4350.00 135.37
5 5350.00|  381.53| 5350.0| 233.53| 5350.0| 177.62| §350.00 121.51
6 8350.00]  319.78| 6350.0| 181.86] 6350.0| 146.01| 6350.00 110.16
7 535000 271.75| 7350.0| 141.67| 73500| 121.51) 7350.00 101.34
T L4 5275.00| 386.72| 5275.0| 237.87| 6275.0| 180.16| 5275.00 122.46
8 8350.00| 237.45| 8350.0] 112.96| 8350.0( 104.00{ 8350.00 95.04
9 9350.00]  216.86| 9350.0| 95.74| 9350.0| 93.50) 9350.00 91.26
10 10350.00|  210.00| 10350.0]  90.00| 103500 _90.00| 10350.00; _ 90.00
1 11350.00| — 216.86| 11350.0| 9574 11350.0]  93.50| 11350.00 91.26
3L/8 7812.50]  264.18| 7812.5| 126.97] 78125) 11254 7812.50 98.11
12 12350.00| 237.48] 12350.0 112.96| 12350.0[ 104.00] 12350.00 95.04
13 13350001 271.75| 13350.0| 141.67| 133500} 121.61] 13350.00) 101.34
14 14360.00|  319.78| 143500 181.86| 14350.0f 146.01 14350.00 110.16
15 15350.00| _ 381.53| 15350.0| 233.53| 153500 177.52 15350.00 121.51
L2 10350.00|  210.00| 10350.0] 90.00| 10360.0|  90.00; 10350.00 90.00
2 5350.00]  381.53| 563500| 233.53| 6350.0 177.52| _ 5350.00 121,51
3 6350.00|  319.78| 63500 181.86| 6350.0) 146.01 6350.00 110.16
T4 | 7350.00| 27175 73500 141.67] 73500 121.51|  7380.00 101.34
"5 | 835000| 237.45| 8350.0 112.06]  8350.0| 104.00| 8350.00|  95.04
. "1 12887.50| _ 264.18] 128875 126.97| 12887.5| 112.64| 12887.50)  98.11
6 | “935000| 216.86| 9350.0} 95.74 9350.0| 93.50] 9360.00 91.26
7 1035000 _ 210.00| 10350.0| 90.00| 103500 90.00| 10350.00|__ 90.00
8 | 11350.00]  216.86| 11350.0 9574| 11350.0|  93.50| 11350.00f  91.26
9 12350.00|  237.45 12350.0| 112.96| 12350.0 104.00| 12350.00]  95.04
- 15425.00|  386.72| 15426.0| 237.87| 15426.0) 180.16) 15425.00 12246
70 | 1335000  271.75| 13350.0| 141.67 133500 121.51 1335000  101.34
T 11| 14350.00| _319.78| 14350.0 181.86|  14350.0| 146.01| 14350.00|  110.16
12 15350.00|  381.53| 15350,0| 23353 16350.0 177.52 15350.00]  121.51
43 | 16350,00| _ 457.01| 16350.0 " 296.68| 16350,0| 216.02| 16350.00| 13537
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4, L0OSS OF PRESTRESS
4.1 Material:
Concrete:

Girder concrete strength at the 28 age days fe= 45.00 MPa
Unit weight of concrete ye=  2450.00 kg/m3
Modulus of elasticity Ec = 0.043 )/c"5 sqri(fc) =  34980.32 MPa (5.4.2.4-1}
Concrete strength at transfer fei'=09fc= 40.50 MPa
Comprresion stress Limit at transfer 0.6fcl'= 24,30 MPa (6.9.4.1.1)
Tension stress Limit at transfer 0.25 SQRT(fci") = 1.59 MPa < (=) 1.38 (5.9.4.1.2)
=> 1.38 MPa
Prestressing steel
Diameter of one Strand D= 12.70 mm
Area of one Strand AR = 98.70 mm2
Ultimate Tendon Strength fpu=  1860.00 MPa
Yield strength of prestressing steel fpy=09fpu=  1674.00 MPa
Modulus of elasticity Ep= 195000.00 MPa
Wobble friction coefficient (mm-1) K= B6.60E-07 mm’"
Coeficient of friction {1/RAD) p= 0.25
Number of Strands in one Tendon n= 9.00 strands
Area of one Tendon A= 888.30 mm2
Siress in the prestressing steel at jacking fpj=0.75fpu = 1395.00 MPa
Jacking force for one tendon Pj=  1239.18 kN
Anchorage set AL = 6.00 mm
Area of one duck Ag=  3318.31 mm2
4.1 Loss of prestressing force immediately {Instantaneous losses):
4.1.4 Friction between Prestressing Tendon and Duck:
Formula: My =y (1-677H) (6.9.5.2.2)
Xi: Length of tendon from the jacking end to any point under consideraticn
Saction “Yendon no. 1 Tendon ho. 2 Tendon no. 3 Tendon no. 4 | SUM/4
X| o Apr o Afpp pXrs Apr o Apr EApr
{mm} {rad) {MPa} (rad) {MPa) {rad) {MPa) (rad) {MPa} | (MPa
Ancho. 0.00 0.0000 0.00 0.0000 0.00 0.0000 0.00 0.0000 0.00 0.00
Support| 200.00 0.0035 1.41 0.0026 110 | 0.0017 0.79 0.0008 0.48 0.95
L8 2737.50 | 0.0518 | 20.44 | 0.0387 15.91 0.0255 11,37 0.0123 6.81 13.63
Li4 5275.00 | 0.1449 | 54.30 | 0.1081 41.91 0.0713 20.41 0.0345 | 16.79 | 35.60
~3L/8 | 7812.50 | 0.2827 101.88 | 0.2109 78.46 0.1391 54.61 0.0673 | 30.34 | 66.32
L2 | 10235000 | 0.4653 | 161.66 | 03472 | 124.67 0.2290 86.58 0.1108 | 47.35 | 105.07
4.1.2 Anchorage seating or Set:
Formula
Outline to calculation
L - E(ALYL . 1pj
# \I Mo g Mg —
Af f
af = 2ol I o
A
LP"‘ prJQ——K—) i ——
X ¢ LpA »
Apr =Af|1—— < LpF »|
LpA
Trong d&:
Lpa Effective length due to anchorage set
E Cable modulus of elasticity
AL Setting length
Lor The length from anchorage to point that loss stress due to friction was known
Afor The loss stress value at the point that the teng from anchorage ti itis Lye
Af The loss stress value at Anchorage

Choice the length from

anchorage to point that loss stress due to friction was known (LpF) and calculation follow:

Xi Afoa Xi Moa

Tendon no.1 (mm) (MPa) Tendon no.2 (mm) (MPa
LpF = 10350 0| 270.37 LpF = 10350 0| 237.43
Ay = 161.66 200 264.12 Afr = 124.67 200| 232.61
p_i:pAT'_é@iﬁ " 2738| 18488 LpA= 9855.4|  2738| 171.48
Af= 27037 5275 105.58 Af = 237.43|  5275| 110.35
7813|  26.32 - 7813| 49.22

10350 0.00 10350 0.00

Xi Afn Xi Afn

Tendon no.3 (mm) (MP2) Tendon no.4 (mm) (MPa
LpF = 10350 ~ 0] 173.16 LpF = 10350 0] 94.69
Afor = 86.58 200 169.82 Afor = 47.35 200 92.86
LpA = 10350.0]  2738|  127.36 LpA= 10350.0 2738|  69.65
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Af= 173.16|  5275]  84.91 Af= 04.69|  5275|  46.43
7813 42,45 7813| 23.22
10350 0.00 10350 0.00
4.1.3 Elastic deformation of concrete: N-1E
Formula Afs = A (5.9.5.2.3b-1)
In which: 8T oN E e
Number of tendon 4 oN= 4.00 (Tendon)
Cable modulus of elasficity Ep= 195000.0 MPa
Concrete strength at transfer fa= 40.50 MPa
Unit weight of concrete Yo = 2450.00 kg/m3
Concrete modulus of elasticity at transfer Eq= 331853 MPa

Total stress of concrete in the Tendon centroid () due to prestressing force and self weigh of girder

_ﬂ F}ez Mpee

Jeay A * I, I,
Compression force due to pretressing consider loss stress: | Fj = N "Ag - ASE(Afpr + M) l
A Area of girder cross section
Ix Inertia Moment of Girder cross section
e Distance from tendon centroid to neutral line of girder section
Mpc Maximum moment dus to self welgh of girder at jacking
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Total loss stress due to friction and Anchorage:

i | 1endoni| TendonZ Tendona | Tendon4 | SUM | XF]
Section ATpF4Af,a| AMpF+Af, | ADF+AR, | AfpF+Afi L(ATPF+Afa)
{mm} (MPa) | (MPa) (MPa} (MPa) {(MPa) (kN)
Anchorage 0 270.37 23743 173.16 94.69 775.66 4287.70
Support 200 265.53 233.72 170.61 93.34 763.20 4278.77
L/ 2738 205.29 187.40 138.73 76.46 607.88 4416.74
Li4 5275 159.89 152.26 114.32 63.22 489.69 4521.73
3L/8 7813 128.20 127.68 97.07 53.55 406.50 4595.62
Li2 10350 161.66 124.67 86.58 47.36 420.26 4583.40
Loss siress due to Elastic deformation of concrete
Section Xi Fj A Ix e Moc fogp Afeg
{mm) {kN}) {mm2) {mm4} {mm) kNm (MPa) | (MPa
Anchorage 1] 4267.70 | 7.5E+05 | 9.2E+10 49.79 0.00 5.83 12.84
Support 200 4278.77 | 7.5E+05 | 9.2E+10 48.79 0.00 5.84 12.87
Li8 2738 441674 | 8.3E+05 | 8.8E+10 243.55 332.26 9.09 20.03
L4 5275 452173 | 5.2E+05 | 8.5E+10 376.78 569.59 13.79 3040
3L/8 7813 459562 | 5.2E+05 | 8.5E+10 460.63 711.99 16.53 36.43
L2 10350 | 4583.40 | 5.2E+05 | B.5E+10 488.58 769.45 17.40 38.35
Total loss of prestressing force immediately - Remaining prestressing force:
Tendon1 Xi Afr Afpa Afgg ZA F' (o)  |Fi"Cos(o]FI*Sin(o)
Section {mm) (MPa) [ (MPa) (MPa) {MPa) (kN} (rad} (kN) (kN)
anchorage 0 0.00 270.37 12.84 283.20 087.61 0.1806 [971.54 |177.41
Support 200 1.41 264.12 12.87 278.40 991.87 0.1772 |976.34 |174.84
Ls 2738 20.44 | 184.85 20.03 225.32 1039.02 | 0.1335 11029.78 |138.31
L/4 5275 54.30 | 105.58 30.40 180.28 | 1070.15 | 0.0893 |1065.88 |95.44
3L/8 7813 | 101.88 | 26.32 36.43 16463 | 109294 | 0.0447 |1091.85 [48.88
112 10350 | 161.66 0.00 38.35 200.01 1061.51 | 0.0000 [1061.51 [0.00
Tendon2 Xi Afer Ao Afes TA Fr @  |FICoste)] Frsin(a)
Section {mm) (MPa} | (MPa) (MPa} {MPa) (kN) (rad) (kN) {kN)
anchorage 0 0.00 237.43 12.84 250.27 | 1016.86 | 0.1354 11007.56 [137.28
Support 200 1.10 232.61 12.87 246,59 | 1020.13 | 0.1328 [1011.15 |135.09
L8 2738 15.91 | 171.48 20.03 207.43 | 1054.92 | 0.0099 [1049.67 |105.18
L4 5275 41.91 | 110.35 30.40 182,66 | 1076.82 | 0.0667 |1074.53 (71,78
3L/8 7813 78.46 40.22 36.43 164.11 1093.40 | 0.0334 [1092.79 {36.50
L2 10380 | 124.67 0.00 38.35 163.02 1094.36 | 0.0000 |1094.36 [0.00
Tendon3 Xi Afor Mo Afgs TA Fy (e  |Fi™Cos(e)| Fi*Sin{u)
Section {mm) (MPa) | (MPa) (MPa) {MPa} {kN) {rad) {kN) (kN)
anchorage 0 0.00 173.16 11.41 18458 | 1075.22 | 00886 [1070.90 (96.23
Support 200 0.7¢ | 169.82 11.44 18205 | 1077.46 | 0.0879 |1073.31{94.68 _
L/8 2738 | 11.37 | 127.36 17.80 156.54 1100.13 | 0.0660 [1097.73 [72.55
L/4 5275 29.41 84.91 27.02 141.34 | 1113.63 | 0.0440 |1112.55 [49.02
3L/8 7813 54.61 42.45 32.38 12045 | 112419 | 0.0220 |1123.92 [24.76
Li2 10350 | 86.58 0.00 34.09 12067 | 14131.99 | 0.0000 |1131.99 |0.00
Tendond Xi Afge Afpa Afeg A Fy' (@) |Fi~Cos(o)| Fi*Sinfa)
Section {mm) (MPa) | {MPa} | {MPa) (MPa) (kN) (rad) (kN) {kN)
anchorage 0 0.00 94.69 8.56 | 103.25 1147.46 | 0.0435 |1146.38 |49.84
Support 200 0.48 92.86 8.58 101.92 1148.64 | 0.0426 |1147.60 |48.93
L/8 2738 8.81 69.65 13.35 89.81 1159.40 | 0.0320 |1158.81 |37.06
L/4 5275 16.79 | 46.43 | 20.26 83.48 1165.02 | 0.0213 [1164.76 |24.83
3L/8 7813 30.34 2322 | 2428 77.84 | 1170.04 | 0.0107 |1169.97 [12.47
L/2 10350 | 47.35 0.00 25.57 72.91 1174.41 | 0.0000 |1174.41 (0.00
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SUM itod Xi IF; | Fi*Cosley | Fj*Sinte) Besp M; = ZF Cos{o)"ecs,
Section | (mm) (kN) (kN) (kN) {mm) (kNm)
anchorage 0 4227.15( 4196.38|  460.74| 49,79 208.94
Support 0 4238.11 | 4208.39| 453.44 49.79 209.54
L/8 0 4353.47 | 4335.98 353.09( 243.55 1056.04
L4 0 4425.72| 4417.72|  241.07} 376.78 1664.52
3L/8 0 4480.57 | 4478.53 122.61| 460.63 2062.96
L/2 0 44562.27 | 4462.27 0.00| 488.58 2180.19

4.2. Loss of prestressing force at service stage (time - dependent losses):
4.2.1 Loss of prestress due to Shrinkage:

Formula: Afpgy = (93 - 0.85*H)
Relative humidity of environment H= 80.00 %
|Afpgy = 25.00 (MPa) |
4.2.2 Loss of prestress due to Creep:!
Formula Afpeg = 12.0 fog, - 7.0 * Afeyp
In which:
fegp Stress in concrete at tendons centroid {fy,,) due to prestressing tendon

and self weigh of girder
Afogp Stess at tendons centroid changes due to permanent load,
except dead load action at transfer

Xi Interior Girder Exterior Girder

Section fegp Aop Afper Afegp Afper
T (m) (MPa) | (MPa) | (MPa) | (MPa) (MPa)
Support | 0.00 5.84 0.00 7010 0.00 70.10

s | 254 0.00 | 084 | 103.18 1.49 98.67
L/4 5.08 13.79 4.28 135.56 3.92 138.10
~3L/8 7.61 16.53 4.67 165.66 5.83 157.587
L2 10.15 17.40 7.18 158.59 6.55 162.99
4.2.3 Loss of prestress due to Relaxation:
(a) At transfer: £
Formula: Mgy =28@4 i g e
40 | fyy Pl
In which:
t: time estimated in days from stressing to transfer t= 0.00 days
fpy : Specified yeild strength of prestressing steel f,, = 1674.00 (MPa)

fpj : Initial stress in the tendon at the end of stressing

Al fpj AfPpa
{m) {MPa) {MPa}
Support | 0.00 1382.13 0.00

L/8 2.54 1374.97 0.00
Li4 5.08 1364.60 0.00
3L/8 7.61 1368.57 0.00
L/2 10.15 | 1356.65 0.00

Section |-

(b) After Transfer:
Formula: Afpra = 30%*(138 - 0.3 Afpy - 0.4 Afes - 0.2 (Afpey + Afper))

Interior Girder

Section X Afge Afes Afpsy Afper Afpg;

{m} (MPa) (MPa) {MPa) (MPa) {MPa)
Support | 0.00 0.95 12.87 25.00 17.52 31.22

L/8 2.54 13.63 20.03 25.00 25.79 34.72

L4 5.08 35.60 30.40 25.00 33.89 31.01

3L/8 7.61 66.32 36.43 25.00 41.41 27.07

L2 1015 | 105.07 38.35 25.00 39.65 23.46

Exterior Girder
Section Xi Afgr Afpes Afpgy Afper Afpgz
{m) (MPa) | (MPa) | (MPa) (MPa) {MPa)
“Support [ 0.00 0.95 12.87 25.00 17.52 37.22
L/8 254 | 1363 | 20.03 25.00 24.67 34,79
L4 508 | 3580 | 3040 25.00 34.53 30.98
3us 7.61 66.32 | 36.43 25.00 39.39 27.20
L2 10.15 | 108,07 | 38.35 25.00 40.75 23.40
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TOTAL LOSS STRESS AT SERVICE STAGE

Interior Girder
Setion X Afpey Afper Afpay Afpre Sum
(m) {MPa) (MPa) {MPa) (MPa) {MPa)
Support j 0.00 25.00 70.10 0.00 37.22 132.32
L/8 2.54 25.00 103.18 0.00 34.72 162.90
/4 5.08 25.00 135.56 0.00 31.01 191.57
aL/s 7.61 25.00 165.66 0.00 27.07 217.73
Li2 10.15 25.00 158.59 0.00 23.46 207.06
Exterior Girder
Section Xi Afpgy Afper Afpre Afpge Sum
(m) {MPa) {(MPa) (MPa) {MPa) (MPa)
Support [ 0.00 25.00 70.10 0.00 37.22 132.32
L/8 2.54 25.00 98.67 0.00 34.79 158.46
Li4 5.08 25.00 138.10 0.00 30.98 194.08
3L/ 7.61 25.00 167.57 0.00 27.20 209.76
L2 10.15 25.00 162.99 0.00 23.40 211.39
4.3. Total Prestressing force consider loss in the service stage:
Interior Girder
Tendon1| Xi EAyr F (@ Fi"Cos(a) | Fi"Sin{u)
Section | {mm) {MPa) {kN) (rad) (kN) {kN}
Support | 0.00 410,72 | 874.33 | 0.1772 860.64 154.12
L/8 2.54 388,22 | 894.32 | 0.133% 8686.36 119.05
L/4 5.08 381.86 | 890.97 | 0.0893 896.39 80.26
38 7.61 382,36 | 899.53 | 0.0447 898.63 40.23
L/2 10.15 | 407.06 | 877.58 0.0000 877.58 0.00
Tendon2| Xl ZApr Fy (o) Fi*Cos(o} | Fi™Sin(a)
Section | (mm} {MPa) {kN) {rad) {kN) {kN)
 Support [ 0.00 [ 378.91 [ 902.60 | 0.1354 894.34 121.84
L/8 2.54 37032 | 91022 | 0.1328 902.20 120.53
L4 5.08 374.23 | 906.75 | 0.0999 902.23 90.40
3L/8 7.61 381.84 | B899.99 | 0.0867 897.99 50.09
L/2 10.15 | 370.08 | 910.44 | 0.0324 909.93 30.39
Tendon3| Xi gy FP ) Fi*Costa) | F™*Sin{o)
Section | {mm) {MPa) {kN) {rad) (kN) (kN}
Support | 0.00 316.89 | 957.68 0.0879 953.99 84.06
L8 2.54 344.95 | 932.76 0.0660 930.73 61.51 |
L4 5.08 34811 | 929.95 0.0440 929.05 40.93
3L/8 7.61 350.07 | 920.22 0.0220 919.99 20.27
L/2 10.15 | 336.51 | 940.26 j 0.0000 040.26 0.00
Tendon4 Xi ZAgr F ,‘ (o) Fj"Cos(a) | Fi'Sin(o)
Section | {mm) {MPa) (kN) {rad) (kN {kN)
Support | 0.00 23557 | 1029.92 | 0.0426 | 1028.99 43.87
L/8 2.54 264.82 | 1003.94 | 0.0320 | 1003.42 32.09
L4 5.08 281,38 | 989.23 | 0.0213 989.00 21.08
3L/8 7.61 301.22 | 971.61 0.0107 971.55 10.36
L2 10.15 | 284.80 | 986.11 0.0000 986.11 0.00
SUM1tod) Xi ZF; Fj*Cosfo) |VP=FI'Sin{a)|  ecame M= EFCO8(0)"8csp
Section | {mm) {kN) {kN) (kN) {m) {kNm)
[ Support [ 0.00 |3764.53 | 3737.95] 403.90 0.05 186.1
L/8 0.00 |3741.24| 372272 333.18 0.24 906.7 |
L4 0.00 | 372590 | 3716.67 232.68 0.38 1400.4 o
__3L/8 0.00 | 3691.34| 3688.16 130.84 0.48 1698.9
L2 0.00 | 3714.39] 3713.88 30.39 0.49 1814.5
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Exterior Glrder

Tendonl| Xi LAy F; (o) Fj'*Cos{o} | Fj™*Sin(e)
Section | {mm) {MPa) {kN) (rad) {kN) {kN)
Support | 0.00 410.72 | 874.33 01772 860.64 154.12

L/8 (.00 383.78 | 898.26 0.1335 890.27 119.57
L/4 0.00 384.36 | 897.75 0.0893 894.17 80.06
3L/8 0.00 | 37439 | 906.61 | 0.0447 905.70 40.55
L2 0.00 | 41140 | 873.74 | 0.0000 [ 873.74 0.00

Tendon2| X ZA,r Ff (o) Fj*Cos(e) | Fi*Sin{c)
Section | (mm) {MPa} {kN) (rad) {kN) {kN}
Support |  0.00 378.91 902.60 0.1354 894.34 121.84

L/8 0.00 365.88 | 914.16 0.1328 906.11 121.06
L4 0.00 | 37674 | 20452 [ 0.0999 900.01 90.18
3L/8 0.00 373.87 | 907.07 0.0667 905.05 60.46
L/2 0.00 374.41 006.59 0.0334 906.08 30.26

Tendon3| Xi ZAgr F’ ) Fi*Cos(o) | Fi*Sin(c)
Section | (mm) | (MPa) (kN) (rad) (kN) (kM)
Support | 0.00 | 316,89 | 957.68 | 0.0879 | 95399 | 84.06

L/8 0.00 340.51 936.71 0.0880 934.67 61.77 |
L/4 0.00 350.61 027.73 0.0440 926.83 40.84
3L/8 0.00 351.10 | 927.30 0.0220 927.07 20.42
L/2 0.00 340.84 | 936.41 0.0000 936.41 0.00

Tendond| Xi Thgr F (©) Fj*Cos{a) | Fi'*Sin(e)
Section | (mm) | (MPa) | (kN) {rad) {kN) (kN)
Support | 0.00 | 235.57 | 1020.92 | 0.0426 | 1028.99 | 43.87

L/8 0.00 | 260.38 | 1007.88 | 0.0320 | 1007.37 | 32.21
1./4 0.00 283.89 | 987.00 0.0213 986.78 21.04
3L/8 0.00 293.25 | 978.69 0.0107 978.63 10.43
L2 0.00 289.23 | 982.26 0.0000 982.26 0.00

SUM ted|  Xi ZF; Fi*Cos{e) |Vp=Fj"Sin{e)|  ecape M= ZFCos(t)*0,sp
Section | (mm) {kN}) (kiN) {kN) {m} (KNm)
Support | 0.00 | 3764.53 | 3737.95 403.90 0.05 186.1

L/8 0.00 | 3757.02| 3738.42 334.61 0.24 910.5
L/4 000 |3717.00| 3707.79 232,12 0.38 1397.0
3L/8 0.00 |3719.67 | 371646 131.86 0.46 1711.9
Li2 0.00 | 3699.00| 3698.49 30.26 0.49 1807.0
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6. FIBRE STRESS CHECK:

Formula:
F Fe M, i Fe M
Topfibre: f, =—t—~——+—2%  Bottomfibre f, =+ ——-—
A S S, A S, S,
Note (+): Compression tresses ; () Tension stresses
Concrete strength at transfer fei' =0.9 fc = 40.50 MPa
Comprresion stress Limit at transfer 0.6 fei' = 24.30 MPa
Tension stress Limit at transfer 0,25 SQRT(fci') <1.38 = -1.38 MPa (5.9.4.1.2-1}
Setion| Xi A St Sb | FI"Cos{a) e Mpc i fii Kiém tra
{mm) | {mm2) {mm3} {mm3} (kN) {mm} (kNm} | (MPa) | (MPa}) fy fol
irderen] 0 |[7.47E+05( 1.57E+08 | 1.49E+08| 4196.38 | 49.79 0.00 4.29 7.02 OK oK
Supporl] 200 |7.47E+05| 1.57E+08 | 1.49E+08| 4208.39 [ 49.79 0.00 4.30 7.04 OK OK
s | 2738 |6.27E+05] 1.51E+08 | 1.44E+08| 4335.98 | 243.55 | 332.26 | 2.12 11.95 OK OK
L/a | 5275 |5.17E+05| 1.43E+08 | 1.30E+08| 4417.72 | 376.78 | 569.59 | 0.91 16.41 OK oK
3L/8 | 7813 |5.17E+05] 1.43E+08 | 1.30E+08| 4478.63 | 460.63 | 711.99 | -0.76 18.37 oK OK
/2 | 10350 |5.17E+05| 1.43E+08 | 1.30E+08| 4462.27 | 488.58 | 759.45 | -1.28 18.84 OK OK
5.2 Stress check during contruction the deck:
5.2.1 Increase load:
Exterior Diaphragms beam DCam = 36.31 (kN)
Interior Diaphragms baam DCuns = 8.31 (kN)
Precast plank DCw = 3.82 (kN/m)
Wet concrete of deck DChc = 13.58 (kN/m)
5.2,2 Stress check:
Compression strength of concrete fc= 45.00 MPa
Compression stress limit 0.45fc = 20.25 MPa {5.9.4.2.1-1}
Tension stress limit 0.5 SQRT(fc) = -3.35 MPa (5.9.4.2.2-1)
Sation Xi A St Sb Fi e M{}C fu fbi Klém tra
{mm) | (mm2) (mm3) {mm3}) (kN) (mm) (kNm) | (MPa) | (MPa} fy foi
irdereny, 0 | 7.47E+05] 1.57E+08 | 1.49E+08] 4196.38 | 49.79 0.00 4.29 7.02 OK oK
Suppor|{ 200 |7.47E+05| 1.57E+08 1 1.49E+08| 4208.39 | 49.79 0.00 4.30 7.04 OK OK
/8 | 2738 |6.27E+05| 1.51E+08 | 1.44E+08 433598 | 243.55 | 1039.51 1 6.80 7.03 OK CK
L/4 | 5275 |5.17E+05] 1.43E+08 | 1.39E+08 | 4417.72 376.78 | 125754 | 571 11.47 OK OK
3L/ | 7813 |5.17E+05| 1.43E+08 [ 1.39E+08 4478.53 460.63 | 1571.93 | 524 12.19 OK OK |
72" | 10350 | 5.17E+05| 1.43E+08 | 1.39E+08 | 4462.27 | 488.58 | 1676.73 | 5.12 12.25 OK OK
5.3 Stress check at the top fibre of Girder - Service state :
5.3.1 Due to prestressing tendon and self welgh of girder - Service limit state I
Compression Stress Limit: 0.45fc= 20.25 MPa (5.9.4.2.1-1)
Tension Siress Limit: - 0.5*SQRT(fc) = -3.35 MPa
ff — Ppc‘ _Ppeec +Mg +M, +MSDL
A S S S
Interior Girder ! f ‘8
Setion |- Xi A Sy Sy Ppe Ppo'€c | Mg+ M; | MspL fy Check
(mm) | (mm2) (mm3) (mm3) (kN) (kNm} | (kNm) | (kNm) [ {MPa) fy
Supportl 200 |[7.47E+05[ 1.57E+08| 7.51E+08| 3737.95 186.12 0.00 0.00 3.819] ©OK
- L/8 | 2738 |6.27E+05( 1.51E+08| 7.83E+08| 3722.72 006.68| 73357 206.82| 5053 OK
U4 | 5275 |5.17E+05| 1.43E+08| 8.20E+08| 3716.67| 1400.38| 1257.54 354.71 6.626] OK
3L/8 | 7813 |5.17E+05| 1.43E+08| 8.29E+08| 3688.16| 1698.80| 1571.93| 443.39| 6.789] OK
L/2 | 10350 | 5.17E+05| 1.43E+08| 8.20E+08| 3713.88; 1814.54| 1676.73[ 472.85 6.798] OK
Exterior Girder
Setion A A St Sy Poo Ppe'ec [ Mg+ Ms | Mg, fi Check -
{mm) | {(mm2) (mm3) (mm3) (kN) (kNm) (kNm} | (kNm} | (MPa) fi
Supportl 200 |7.47E+05| 1.57E+08| 7.51E+08{ 3737.85| 186.12 Q.00 0.00] 3819 OK
_L/g | 2738 |6.27E+05| 1.51E+08| 7.83E+08| 3738.42| 910.50 685.89| 206.92 4738 OK
L/a | 5275 | 5.17E+05| 1.43E+08| 8.29E+08| 3707.79| 1397.03 1175.81] 354.71 6.062j] OK
3L/8 | 7813 |5.17E+05| 1.43E+08| 8.29E+08| 3716.46| 1711.92| 1469.76 443.39 6.038] OK
L/2” 10350 | 5.17E+05| 1.43E+08| 8.290E+08| 3698.49| 1807.02| 1567.74| 472.95 6.061 OK
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5.3.2 Due to 1/2 (Prestressing tendon + self weigh of girder) and Live load - Service limit state |:

Compression Stress Limit: 0.40 fc = 18.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*3QRT(fc) = -3.35 MPa
£ =0 5[&‘1_‘%8% +Mg +M, +MSDLJ+MLL
i .
A
interior Girder S 5 Sig Sig
Setion X A S Sy Pro Ppe'ec | Mg+ Ms | MspL M. fy Check
(mm) | {mm?2) {mm3) {mm3) {kN) (KNm) (kNm) | (kNm) | (kNm) (MPa) fy
Suppor{ 200 |7.47E+05| 1.57E+08( 7.51E+08| 3737.25] 186.12 0.00 0.00 0.00 1809 OK
/8 | 2738 |6.27E+05] 1.51E+08| 7.83E+08| 3722.72| 906.68| 733.57| 206.92| 743.07 3.475| OK
L/4 | 5275 |5.17E+05] 1.43E+08| 8.29E+08| 3716.67| 1400.38| 1257.54( 354.71| 124212 4.812| OK
ai/8 | 7813 |5.17E+05| 1.43E+08| 8.29E+08| 3688.16| 1698.89| 1571.93| 443.39| 1515.22 5.223] OK
/2 | 10350 |5.17E+05| 1.43E+08| 8.20E+08| 3713.88] 1814.54| 1676.73| 472.85| 1580.45 5307 OK
Exterior Girder
Setion |- Xi A St Sig Poa Pre'@ | Mg+ My | Msp My fy Check
(mm) | {mm2) {mm3} (mm3) {kN) {kNm) (kNm) | (KNm} | (kNm) {MPa) fy
Support] 200 747266.7| 1.57E+08]| 7.51E+08| 3737.95| 186.12 0.00 0.00 0.00 1.909| OK
U8 | 2738 | 827270.0| 1.51E+08| 7.83E+08| 3738.42| 910.50| 685.89| 206.92( 830.60 3429 OK
L/a | 5275 | 516600.0| 1.43E+08| 8.20F+08| 3707.79| 1397.03| 1175.81| 354.71( 1388.44 4707 OK
38 | 7813 | 516600.0| 1.43E+08| 8.29E+08] 3716.46| 1711.92] 1460.76( 443.39| 1693.71 5.064; OK
L2 | 10350 | 516600.0] 1.43E+08| 8.29E+08| 3698.49| 1807.02| 1567.74] 472.95( 1766.62 5.163] OK
5.3.3 Due to prestressing tendon + self weigh of girder + live load - Service limit state |:
Compression Stress Limit: 060 fc= 27.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT{fc) = -3.35 MPa
f= Lpe Dot +Mg+lws +MSDL i My,
¢
. A S, S, S,g S,g
Interior Girder
Setion Xi A S Sy Ppe Po'ec [Mg+My] Mep [ My f; Check
(mm) | {mm2} {mm3) (mm3) (kN) {kNm) (kNm) | (kNm) | (kNm) (MPa) fi
Support] 200 |[7.47E+05( 1.57E+08| 7.51E+08 3737.95] 186.12 0.00 0.00 0.00 3.819 OK |
U8 | 2738 |6.27E+05| 1.51E+08| 7.83E+08| 3722.72| 906.68| 733.57| 206.92) 743.07 6.002] OK
L4 | 5275 |5.17E+05] 1.43E+08| 8.20E+08 3716.67| 1400.38] 1257.54( 354.71| 124212 8.125| OK
3l/a | 7813 |5.17E+05| 1.43E+08| 8.29E+08| 3688.16] 1698.89| 1571.93| 443.38| 1515.22 8.617| OK
L/2 110350 | 5.17E+05| 1.43E+08| 8.20E+08| 3713.88| 1814.54| 1676.73] 472.95| 1580.45 8.706| OK
Exterior Girder
Setion Xi A Si Sy Ppe Pee'es | Mg+ M, | MspL My fi Check
(mm) | {mm2) (mm3) {mm3) (kN) (kNm) (kNm} | (kNm) | (kNm) {MPa) fy
Supportl 200 |[7.47E+05| 1.57E+08| 7.51E+08| 3737.95| 186.12 0.00 0.00 0.00 3.819] OK
Us | 2738 |6.27E+05| 1.51E+08| 7.83E+08| 3738.42| ©10.50] 68589 206.92| 8§30.60 5798 OK
L4 | 5275 [5.17E+05| 1.43E+08| 8.29E+08| 3707.79| 1397.03| 1175.81| 354.71| 1388.44 7.738] OK
3L/8 | 7813 |5.17E+05| 1,43E+08| 8.20E+08| 3716.46| 1711.92]| 1469.76| 443.39| 1693.71 8.084| OK
U2 | 10350 | 5.17E+05| 1.43E+08| 8.20F+08| 3698.40| 1807.02| 1567.74| 472.95| 1766.62 8.193] OK
5.4 Stress check at the top fibre of deck - Service state:
§.4.1 Due to additional load (dead load part 2} - Service limit state I:
Compression Stress Limit: 0.45 fc = 15.75 MPa (5.9.4.2.1-1)
f _ M SDL
‘S
Setion Xi MSDL (kNm}) S, (mm3) fy(MPa) Check
(mm) in.Girder | Ex.Girder | in.Girder | Ex.Girder | in.Girder [Ex.Girder| in.Girder |Ex. Girder
Support]  200.00 0.00 0.00] 3.8E+08| 3.83E+08 0.000] 0.000] OK CK
L/8 2737.50 206.92| 206.92| 3.8E+08|3.83E+08 0.540| 0.540| OK OK
L4 5275.00 354.71 354.71| 3.8E+08| 3.85E+08 0.922] 0922 OK oK
3L/8 | 781250 443.39| 443.39| 3.8E+08| 3.85E+08 1.162|  1.182|  OK OK
L/2 | 10350.00 472.95] 472.95| 3.8E+08| 3.85E+08 1.229] 1.229] OK OK
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6.4.2 Due to additional load (dead load part 2) and live load - Service limit state |:

Compression Stress Limit: 06fc= 21.00 MPa {5.9.4.2.1-1)
£ = Mgp, + My
‘S
Sation Xi MSDL + MLL (kNm}) S (mm3} fi(MPa) Check
(mm) | in.Girder | Ex.Girder | in.Girder | Ex.Girder | in.Girder |Ex Girdey| in.Girder Ex.Girder
Supportt  200.00 0.00 0.00| 3.8E+08| 3.83E+08 0.000| 0.000| OK OK
L/8 2737.50 049,98F 1037.51| 3.8E+08| 3.83E+08 2479 2707 OK OK
L/4 5275.00| 1596.83| 1743.15| 3.8E+08| 3.85E+08 4.149] 4.530f OK OK
38 | 7812.50] 1958.62| 2137.10( 3.8E+08) 3.85E+08 5089f 5583 OK [_ OK
L/2 | 10350.00] 2053.40| 2239.57| 3.8E+08| 3.85E+08 5336] 5.820] OK OK
5.5 Stress check at the bottom fibre of girder - Service lll {stage lll):
Compression Stress Limit: 0.60 fc = 27.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.36 MPa (5.9.4.2.1-1})

f =f£5+}?veec _Mg + M M, +08M,,
P4 S, S, S,

Interior Girder

Xi A Sy Spe PpB Ppe*ec Mg + M, MspL ML fi Check
(mm) | {mm2} (mm3) (mm3) (kN} {kNm) (kNm) | (kNm) | (kNm} {MPa) fy
Support|] 200 | 7.47E+05| 1.49E+08| 2.60E+08 3737.95 186.12 0.00 0.00 0.00 6.254| OK
LI8 2738 | 6.27E+05| 1.44E+08| 2.39E+08| 3722.72 906.68| 733.57| 2086.92| 743.07 3.780] OK

Li4 5275 |5.17E+05| 1.30E+08| 2.18E+08| 3716.67| 1400.38| 1257.54] 354.71 1242.12 2.040 OK
a8 | 7813 |5.17E+05| 1.39E+08| 2.18E+08| 3688.16] 1698.89| 1571.93| 44339 1515.22 0.464; OK
/2 110350 | 517E+05| 1.30E+08| 2.18E+08| 3713.88] 1814.54] 1676.73] 472.95 1580.45 0.217] OK

Setion

Exterior Girder

X A S, Sbc Ppa Ppe*ec Mg + Ms MSDL M, fb Check
my | mm2) | (mm3) | (mm3) | (N) | (kNm) | (kNm) | (kNm) | (kNm) | (MPa) | f
Support] 200 |7.47E+05| 1.49E+08| 2.60E+08| 3737.95 186.12 0.00 0.00 0.00 6.254| OK

L/8 2738 | 6.27E+05| 1.44E+08| 2.39E+08| 3738.42| 910.50| 685.89| 206,92 830.80 3.870| OK
L4 5275 | 5.17E+05| 1.39E+08| 2.18E+08| 3707.79| 1397.03| 1175.81| 354.71| 1388.44 2.050] OK
3L/8 | 7813 | 5.17E+05; 1.39E+08 2.18E+08| 3716.46] 1711.92| 1469.76] 443.39] 1693.71 0.691] OK
L2 10350 | 5.17E+05| 1.395+08| 2.18E+08| 3608.49] 1807.02| 1567.74] 472.85| 1766.62 0.233] OK

Setion

5.6 Stress check at the bottom fibre of girder - Service | {stage ill}:
Compression Stress Limit: 0.60 fc = 27.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa (5.9.4.2.1-1)

£, Ei+Ppeec _Mg +M, __MSDL"'MLL

Interior Girder A S b S b Spe
Setion |- A A So Shg Ppe Ppa'€c | Mg+ My [ MspL Mo fy Check
mm) | (mm2) | (mm3) | (mm3) | (kN) | (kNm) [ (Nrm) | (kNm) | (kNm) | (MPa) fy
Suppor] 200 |7.47E+05] 1.49E+08 | 2.60E+08| 3737.95 | 186.12 | 0.00 | 0.00 | 0.00 6.254] OK

/8 | 2738 |6.27E+05| 1.44E+08 | 2.30E+08| 3722.72 | 906.68 | 733.57 [ 206.92 [ 743.07 3.157] OK
L4 | 5275 |517E+05( 1.39E+08 | 2.18E+08 3716.87 | 1400.38 | 1257.54 | 354.71 | 1242.12 0.902] OK

3L/8 | 7813 |5.17E+05| 1.39E+08 [ 2.18E+08 | 3688.16 | 1698.89 | 1571.93 | 443.39 | 1515.22 -0.925] OK

L2 | 10350 |5.17E+05| 1.39E+08 | 2.18E+08 | 3713.88 [ 1814.54 | 1676.73 | 472.95 | 1580.45 -1.232[ OK

Exterior Girder

Setion X A Sp Ste Pre Ppo'€s [ Mg+ M; 1 Mgp, M f, |Check
{mm) {mm?2) (mm3) {mm3) (kN {KNm) {kNm)}) (KNm) {kKNm) (MPa) fp
Supportl 200 |7.47E+05] 1 ASE+08 | 2.60E+08| 3737.95 | 186.12 0.00 0.00 0.00 6.254] OK

/8 | 2738 |6.27E+05| 1.44E+08 | 2.39E+08| 3738.42 | 910.50 | 685.89 | 206.92 [ 830.60 3.174| OK
/4 | 5275 [5.17E+05( 1.39E+08 | 2.18E+08) 3707.79 1397.03 | 1175.81 | 354.71 [ 1386.44 0.777]  OK

3/8 | 7813 |5.17E+05| 1.39E+08 | 2.18E+08 | 3716.46 | 1711.92 | 1469.76 | 443.39 | 1693.71 -0.861| OK
2 | 10350 |5.17E+05| 1.39E+08 | 2.18E+08 | 3698.49 [ 1807.02 [ 1567.74 | 472.95 | 1766.62 -1.386] OK
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22TCN272-05; AASHTO LRFD 2nd - 1898

REINFORCEMENT.OF GIRDER CHECKING - STRENGTH LOAD COMEINATION - i ]|

MATERIALS
e =
NORMAL CONCRETE b
fc Compresslve Strength of concrete al 28 days Mpa 40 Aps L&
Ec Modulus of Efasticily Mpa 31975 A __E =0 =
fr Modulus of Rupture Mpa 4.0 EI Sl ul ¢ o
gc Unit welght of concrete kN/m3 24.56 I T I I | /=
PRESTRESSING STEEL b
fpu Tensile sirength of prestressing slesal Mpa 1860 — Blsl.
fpy Yield strengih of prestressing slesl L Mpa 1670 = ™
Ep Modulus of Elasticity Mpa 185000
REINFORCEMENT s
— iy |Yieldsirength Mpa 400 ha f
Es Modulus of Elasticity Mpa 200000 Ej ves | ———— [ Thp
ne Ratio Es/Ec [ ) N )
Sign Paraimeters Unit Section
Support | Lig | L4 | 3L/8 [ Liz
INTERNAL FORCES AT SECTION
Combination Strength Strength Strength Strenglh Strength
Qu Shear kN 1241 991 745 504 268
Mu Flexural Moment kNm 0 2595 4386 5409 5700
__Nu Axdal load kN
Tu Tarsional Moment kNm
6.1 FLEXURAL MOMENT CHECKING
H Section height m 1.422 1.422 1.422 1.422 1.422
d's Dis. From comp. fiber to centraid of comp. Reinf m 0.062 0.062 0.062 0.062 0.062
dix Dis. From tens. fiber to centrold of tension Relnl m 0.061 0.061 0.081 0.061 0.081
Cover to reinf m 0.040 0.040 0.040 0.040 0.040
ds Dis. From comp. fiber lo centrotd of tenslon Reinf m 1.361 1.361 1,361 1.361 1.361
____d'ps Dis. From comp. fiber to cenlroid of comp. prestressing steel m 0.000 0.000 0.0600 0.000 0.009
dixp Dis. From tens. fiber fo centrold of tension prestressing steel m 0.567 0.372 0.232 0.148 0.120
dps Dis. From comp. fiber 1o cenlroid of tension presiressing steel m 0.855 1.050 1.180 1.274 1.302
b |widlh of the compression face of member m 2.560 2.550 2.550 2.550 2.550
bw Web widith or diameter of a ¢ircular section m 0.600 0.386 0.200 0.200 0.200
hi Compression flange depth m 0,222 0.222( 0.222( 0.222 0.222
Iz Moment of inertia of seclion md 0.228 0.217 0.205 0.205 0.205
Amc __ {Seclion area m2 1.213 1.083 0.982 0.982 0.982
Steet choica
Tension prestressing steel P.S type 9T12.7 9T12.7 9T12.7 91127 9T12.7
Aps Number tendons 4 4 4 _4 4
Area m2 0.00355 0.00355 0.00355 0.00355 0.00355
Compression prestressing steel P.S type 0 T00.0 0700.0 0T00.0 0700.0 0T00.,0]
A'ps Number tendons 0 0 0 0 of
i ] ] Area m2 0.00000 ~0.00000 0.00000 0,00000 _0.00000]
Tension Reinforcement Number bars 6 8 6 ] 8|
As B Diameter mm o 16 16 16 16 . 16
Arga m2 0.00114 0.00114 0.00114 0.00114 0.00114
Comprassion Reinforcement Number . hars 4 4 4 4 - 4
A's Diameter min 12 12 12 12 12
777777 Area m2 0.00045 0.00045 0.00045 0.00045| 0.00045
Shear reinforcement . Number bars 2 , 2 2 2 2
He [T Diameter mm 14 14 14 14 14“
. Area m2 0.00030 0.00030 0.00030 0.00030 £.00030
f Resistance factors for flexure 554.2 0.90 0.80 0.90 0.90 0.90
v Reslstance factors for shear 0.90 Q.90 0.90 0.90 0.90
fn Rasistance factors for axial force 1.00 1.00 1.00 1.00 1.00
b1 Stress block factor 0.764 0.764 0.764 0.764 0.764
[+ Dis. Between centrold and top fiber m 0.101 0.101 0.101 0.102 0.102
e For T section behavlor . m -0.245 -0.474 -0.985 -1.000 __~1.005]
| For rectangular section behavior m i 0.101 01064 0401 0.102 0.102
fpe Effective stress in the prestressing steel after losses Mpa 1118 il18 1116 1116 1118
fps Aver. stress In pres. steel at the time for which the nominal resistance Mpa 1798 1809 1815 _ 1818 18189
K Faclor depends on typa of P.S, Low relaxation strand k = 0.28 0.28 0328 0.28 0.28 02§"
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a ___|Deapth of equivalant stress block m 0.077 0.077 0.078 0.078 0.078
de Carresp. effective depth from extreme comp. fiber . o
to cenlrold of tensile force In the tensile reinf. m 0.868 1.071 1.201 1.280 1,308
Mn_ [Nominal resistance kNm | 4997 6199 7044 7598 RITE
Mr Factored reistance } kNm 4497 5579 6340 8838 7006
Mu Flexual moment kNm 1] 2595 4388 5409 5700
(5.7.3.2) |Flexural moment Checking oK OK oK QK OK
Limits for relnforeement T
clde Maxirmum reinforcement 0.11 0.09 0.08 0.08 0.08
Maximum relnforcement Checking <= 0.42 OK CK OK OK - OK
_tmin__ |Mimimum reinforcement 0.09% 0.10% 0.12% 0.12% 0.12%
Mimimum relnforcement Chacking for RC 0.30% N.a N.a N.a N.a __Ns
1.2*Mor | Craking moment kNm 827 784 741 741 741
(5.7.3.3.2) |Checking Mr>=min(1.2Mer,1.33Mu) OK OX OK oK OK|
(5.8.3.5) Tensile force in steel showd be salisfled - F_yc kN 1353 3873 5068 5311 5245
Checking As.fy+Aps.fps >=F_yc Ok Ok Qk Ok Ok
{8.7.3.4) |Conctrol of craking by distr. of reinf_for RG member- Check? No No No No No
Existing condllion for struclrure i2ord 1 1 1 1 1
de Concr. thickness fro. Tens, fiber to tens. reinf nearest m 0.058 0.058 0.058 0.058 0.058
Z Crack width parameter Nfmm 30000 30000 30000 30000 30000
A Area of concr. with same centroid as tens. Relnf m2 0.048 0.049 0.049 0049 0.049]
_Isa Value Mpa 211 214 211 211 211
0.8y Mpa 240 240 240 240 240
B Tensil stress in reinf _Min(fsa,0.6fy) Mpa 211 211 211 211 211
X Dist, From compressicn fiber to centroid m - - - - -
- Jd Arm m - - - - -
ler Momant of ingrlfa of the cracked section md - - - - -
fg Tenslle slress in reinforcement fs = Msls / (As*J.d} Mpa - - - - -
Checking for control cracking fs<fsa N.a N.a N.a N.a N.a
{5.10.8.2) |Shrinkage and temperatura Relnfocement {slde distribution)
Areq  |Area of required reinf m2 0,00029 0.00026 0.00023 0.00023 0.00023
Distribution on sides i4 D12 m2 0.00158 0.00158 0.00158 0.00158 0.00158
Required Spacing not larger than m 0.45 0.45 0.45 0.45 0.45
Chacking oK OK oK oK OK
6.2 SHEAR FORCE CHECKING
) Factor indicating dlag. cracked congr. to tension 6.8 5.7 33 2.4 .24
[} Angle of Inclination of dlagonal compresslve _degree 27.00 27,00 25.26 30.80 31.01"
o Angle of inclination of transv. relnf. to lang. Axis degree a0 a0 a0 80|_ 20
by Effective web widlh as minimum web width - In dv m 0.600 0.386 0.200 0.200 _0.200
dv Effoctive shear depth m 1.024 1.032 1.163 1.241 1.267
(de - a/2) m 0.850 1.032 1163 1241 1.267
s Spacing of stirrups m 0.150 0.150 0.150 0.150 0.150]
neat Ameunt of bars in spacing S bars 2 2 2 2 2
Av Shear reinf area In spacing S m2 0.0003 0.0003 0.0003 0.0003|_ 0.0003
B Assume 2.0 2.0 .20 290 20
1 Assume: degree 45.00 45,00 45.00 45.00( 45.00
v Shear stress In concrete kN/m2 2244 2762 3560 2257 1175
fpo Parameter taken as medulus of elasticily of prestressing tendans Mpa 1138 1138 1141 1141 s
Sy Strain in tensile reinforcement -3.71E-03 -1,12E-03 9.97E-05 6.06E-04 6.29E-04
if ex<0, multiple with reduce factor -2.35E-04 -1.07€-04 - o -
o Strain checking . <=2.00E-3 Ok Ok Ok Ck o] 1
vifc Ralio of shear stress and f'c 0.056 0.089 0.088 0.056 _b.029
B Final value 68 57 33 241 2.4
9 Final value degree 27.00 27.00 _25.28 3090 31.07|
Ve Nominal shear resistance provided by tensile siresses in the concrete kN 2186 1193 387 318 324
Vs Shear resistance provided by shear reinforcement kN 1618 1632 1984 1670 1693
Vp Component in the direction of the applied shear of the effective P.$ kN 4] 0 0 0 0
Vn1 Vnl=Vctys+Vp kN 3805 2825 2381 1888 2018
vin2 Vn2 kN 6143 3985 2325 2482 2535"
vn Nominal shear resistance Vn=min(¥n1,vn2} kN 3805 2825 2325 1988 2018
W Factored shear resislance kN 3424 2542 2093 1789 1818)|
Vu Shear kN 1241 991 745 504 268|
(5.8.2.7) _|Shear checking OX OK OK OK| Ok
Reglon requirlng transverse reinf Checking Need Need Need Need| _  Need
Minimum shear reinf area m2 0.0001 0.0001 0.0000 0.0000 0.0000
Mimimum shear reinforcement Checking oK OK OK|. OK| QK|
0.1*fc*bv*dv kN 2457 1594 930 883 1014
Smax m 0.60 0.60 0.60 0.60 0.60 |
Maxlmum spacing Smax OK OK CK 0K OK]
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22TCN272-05; AABHTO LRFD 2nd - 1998

"REINFORCEMENT OF GIRDER CHECKING - SERVICE LOAD COMBINATION -

MATERIALS
NORMAL CONCRETE ) b
fe ICompressive Strength of concrete at 28 days Mpa 40
Ec |Modulus of Elasticity Mpa 31975 ¢ Tt
ir Modulus of Ruplure Mpa 4.0 i
qc Unit welght of concrete KN/m3 24.5 =
PRESTRESSING STEEL
fpu Tensite strength of prestrassing steel Mpa 1860
fpy Yield strength of praslressing steel Mpa 1670
Ep Moadulus of Elasticity Mpa 195000
REINFORCEMENT
fy Yield sirength Mpa 400 Apslps
Es Modulus of Elasticity Mpa 200000 L hets
nc__|Ralio Es/Ec g
Sign Parameters Unit Sectlon
Support | L8 Li4 ] 3Li8 | Li2
INTERNAL FORCES AT SECTICN
_ Combination Service Sarvice Senvice Service Sarvice
Qu Shaar ki 824 652 483 N7 153
Mu Flexural Moment KNm 0 1723 2919 3607 3807
Nu Axlal load kN 0 ] ] 0 4]
Tu Torsional Moment kNm 4] 0 0 0 1]
6.1 FLEXURAL MOMENT CHECKING
H Section height m 1422 1.422 1.422 1.422 1.422
_ds Dis. From comp. fiber to centroid of comp. Reinf m 0.0682 0.062 0.082 0.062 0.062
dix Dis. From tens. fiber to centroid of tenston Reinf m 0.081 0.061 0.061 0.061 0.061
Cover to rainf m 0.040 0.040 0.040 0.040 0.040
ds Dis. From comp. fiber to cenirofd of tension Reinf m 1.361 1.361 1.361 1.361 1.361
d'ps Dis. From comp. fiber 10 cenlroid of comp. presiressing steel m 0.000 0,000 0.000 0.000 0.000
dixp Dis. Fram tens. fiber to centroid of tenslon prestressing steel m 0.567] 0,372 0.232 0.148 0.120
dps___|Dis. From comp. fiber to centrold of tension presiressing steel m 0.855 1.050 1.190 1.274 1.302
b Width of the compression face of member m 2.650 2.650 2.550 2.550 2.550
bw Web width or diameter of a circular section m ¢.600 0.386 0.200 0.200 0.200
G Compresslon flange depth m 0.222 0.222 0.222 0.222 0.222
Iz Moment of inertia of secti m4 0.229 0.217 0.205 0.205 __0.205
Amc  jSecllon area m2 1.213] 1.093 0.982 0.982 0.982
_ Steel choice
Tension prestressing steel P.S type 9T12.7 9T12.7 9Ti2.7 9Ti27 9T12.7
Aps - Number tendons 4 4 4 4 4
Area m2 0.00355 0.003565 0.00355 0.00355 0.00355
Compression prestressing steel P.S type 0 T00.0 0 T00.0 0 TOO.0 0T00.0 07T00.0
Aps | Number tendons v} - 0 0 0 0
. ] ) Area m2 0.00000 0.00000 0.00000 0.00000}: 0,00000](
Tensicn Reinforcement Number bars 81 6 6| 6 B
As I - Diamater mm 18 18 16 16 . 16
. Area m2 0.00114 0.00114 0.00114 0.00114 0.00114]
Compression Relnforcement Number bars 4 4 4 4 4
A's B Diameter mm 12 12 12 12 12|
- Area m2 0.00045 0.00045 0.00045 000045  0.00045
Shear reinforcement Number bars 2 2 2 2 _ 2
Alc Diameter mm 14 14 14 14 14
Area m2 0.00030 0.00030 0.00030 0.00030 0.00030
f Reslstance factors for flexure 55.4.2 1.00 1.00 1.00 1.00 1.00]
v Resistance factors for shear 1.00 1.00 1.00 1.00 1.00
fn Resistance factors for axial force 1.00 1.00 1.00 1.00 1.00“
__bi Stress block faclor 0.764 0.764 0.764 0.764 0.764
c Dis. Between centroid and top fiber m 0.101 0.101 0.101 0.102 0102
For T section behavior m -0.245 -0.474 -0.985 -1.000 -1. 005"
D For rectangular section behavior m 0.101 0.101 0.101 0.102 0.102
- fpe Effective slress In the prestressing steel after losses Mpa 1116 1116 1116 1116 1118
s Aver, stress in pres. steel at the time for which the nominal resistance Mpa 1798 1809 1815 1818 1819
k Factor depends an type of P.S, Low relaxation strand k = 0.28 0.28 0.28 0.28 0.23 0.28
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7777777 a____|Dapth of equlvalent stress block m 0,077 0.077 0.078 0,078 __q.ggg"
de Corresp. effective depth from extreme comp. fiber -
1o cenlrold of tensile force [n lhe tensile reinf. m 0.888 1.071 1.201 1.280 1.308
Mn Nominal resistance KNm 4997 6199 7044 7608 7783
Mr_ |Faclored relslance kNm 4997 6198 7044 7588 7783
Mu Flexual moment kNm o] 1723 2919 3607 3807
(5.7.3.2) _|Flexural moment Checking OK QK QK 0K OK
Limits for relnforcement —
c/de _ |Maximum relnforcement 0.1 0.09 0.08 . 0.08 0.08
Maximum reinforcement Chacking <=0.42 OK OK OK OK OK
rmin__ [Mimimurm reinfercemant 0.09% 0.10% 0.12% 0.12% 0.12%
MimImum relnforcement Checking for RC 0.30% N.a N.a N.a N.a N.a
1.2*Mer | Craking moment kNm 8§27 784 ™™ 741 741
(5.7.3.3.2) |Checking Mr>=min({1.2Mecr,1.33Mu) oK OK oK oK OK
(5.8.3.5) Tensile force in steel should be satlsfied - F_ye kM 808 2309 2985 3217 3155
Checking As.fy+Aps.ips >= F_yc OK Ok Ok Ok Ok
(5.7.3.4) |Conctrol of craking by distr. of relnf for RC member- Check? Yes Yes Yes Yes ___Yes
Existing congitlon for structiure 1,.20r3 1 1 1 1 1
do Concr. thickness fro. Tens. fiber to tens, reinf nearest m 0.058 0.058 0.058 0.058 0.058
zZ Crack width parameter N/mm 30000 30000 30000 30000 30000]|
A Area of coner. with same centroid as tens. Reinf m2 0.049 0.049 0.049 0.049 0.049"
fsa Value Mpa 211 211 211 211 211
Loy Mpa 240 240 240 240 240
Tensil strass in reinf _Min{fsa,0.6fy) Mpa 211 211 211 211 211
X Dist. From compression fiber to centroid m 0.066 0.073 0.078 0.08 0,081
J.d Arm m 0.866 1.047 1.176 1.253 1.279
lcr Moment of inertia of the cracked section m4 0.012 0.012 0.012 0.012 0.012
s Tenslle stress in reinforcement f5 = Msls / (As*J).d) Mpa - 1446 2180 2527 2614
Checking for contrel cracklng fs<fsa N.a N.a N.a N.a N.a
(5.10.8.2) [Shrinkage and temperature Relnfocement (side distribution)
Areq Avea of required reinf m2 0.00029 0.00028 0.00023 0.00023 0.00023
Distribulfon on sides 14 D42 m2 0.00158 0.00158 0.00158 0.00158 0.001586
Required Spacing not larger than m 0.45 0.45 0.45 0.45 0.45
Checking OK OK QK 0K OK;
6.2 SHEAR FORCE CHECKING
B Faclor indicating dlag. cracked concr. to tension 6.8 6.8 6.8 6.5 6.5
0 Angle of Inclination of dlagonal compressive degree 27.00 27.00 27.00 27.00 27.00
o Angle of Inclination of fransv. reinf. to long. Axls degree %0 90 90 90 90
bv Eftective web width as minimum weh widih - in dv m 0.600 0.386] 0.200 0.200 . 0.200
dv Effective shear depth m 1.024 1.032 1.463 1.241 1.267
{da - a/2) m 0.850 1.032 1.163 1.241 1.267)
8 Spacing of stirrups m 0.150 0.150 0180 0,150 0.150
ncat Amount of bars in spacing 8 bars 2 2 2 2 2
A Shear reinf area in spacing S m2 0.0003 0.0003 0.0003 0.0003] - 0.0003
i Assume 2.0 2.0 2.0 20 2.0
[ Assume degree 45.00 45.00 45.00 45.00 45.09“
i Shear slress In concrete kN/m2 1341 1636 2077 1276 604
fpo _|Parameter laken as modulus of elasticily of prestressing tendons Mpa 1138 1138 1141 1141 1141|
e, |Strain In tensile reinforcement -394E-03| 2.286-03|  1.41E-03| -1.07E-03|  -1.06E-03]
if ex<0, multiple with reduce factor -2.49E-04 -2 11E-04 -2.38E-04 -1.81E-04 -1 .7&!_5__-95"
Strain checking <=2.00E-3 Ok Ok OK| . Ok Ok
vifc __[Ratio of shear siress and fc 0.034 0.0 0.052 0.032 0.01 g"
| Final value 8.8 2] 6.8 6.5 6.5
] Final vatue degres 27.00 27.00 27.00 27.00 zz,gg“
Ve Nominal shear resistance provided by tensile stresses in the concrete kN 2186 1418 B28| 853 866|(
Vs Shear rasistance provided by shear reinforcement kN 1618 1632 1838 1961 2003
Vp Component in the directlon of tha applied shear of the effective P.$ kN 0 0 [i i olf
vl [Vnl=Vc+Vs+Vp kN 3805 3050 2665 2814 2868
vn2 Vn2 kN 6143 3985 2325 2482 2534|(
Vn Nomina) shear resistance Vn=min{V¥n1,Vn2) kN 3805 3050 2325 2482 2534
Vr Factored shear resistance KN 3805 3050 2325 2482 2634
Vu Shear kN 824 652 483 317 153
{5.8.2.7) |Shearchecking - oK OK 0K OK ___OK
Reglon requiring fransverse reinf Checking B No need No need Need No need No need
o Minimum shear reinf area . m2 0.0001 0,0001 0.0000] 0Qo00%) 00000
Mimimum shear relnforcement Checking - - QK - o
0.1*Fe hvdv kN 2457 1594 930 993 1014
Smax m 0.60 0.60 0.60 0.60 0.60]
Maximum spacing Smax - - OK . f
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DEFLECTION OF GIRDER
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7.1 Deflection of Girder due to Dead Load in Stage |
Calculation Formula Y1 = 5.q.L%/(384Ec.J )
Where :
Uniform Dead Load q= 14.74 KNfm
Span Length L= 2030 m
Etastic Modulus of Concrete Ec= 33185.25 MPa
Exchanged Inertial Moment J= 0.085 m4
Rigidity Reduced Factor 1
Deflection Y= 116 om
7.2 Deflection of Girder due to Concentrate Frestressing Moment
Deflection of Girder due to Concenirate Moment Force at the end of Girder
Formula : Y2 = M.L2/(8.Ec.J)
Where
Moment due 1o Prastressing at Mid-Span
M= P.e KN.m
Prestressing Stress at Jacking Point pP* = 1395.00 Mpa
Number of Cables n = 4.00
Stress in Cable Including Losses Tx= 1115.57 MPa
Area of One Cable Al = 0.00089 m2
Total Compression Force in Cables P= 4956.714 KN
Eccentricity of Cable Group and Section g = 0.024 m
M= 116.9 KNm
Span Length L= 2030 m
Elastic Modulus of Concrete Ec= 33185.25 MPa
Exchanged Inertial Moment J = 0.087 m4
Rigidity Reduced Factor 1
Deflection Y2 = 0.21 cm
7.3 Deflection of Girder due to Uniform Prestressing Forces
Formula to Calculating Y3= 5.q.L*/(384Ec.J)
Where:
Uniform Equivalence Load q=8xPx{e2-e1)/L*
P= 4956.714 KN
el= 0.032 m
e2= 0.489 m
q= 43.936 KN/m
Span Length L= 20.30 m
Elastic Modulus of Concrete Ec= 33185.25 MPa
Exchanged Inertial Moment J= 0.087 m4
Deflection Yi= 3.370 cm
7.4 Deflection of Girder in Stage |
Formula LY = Y2 + Y3 - Y1 = 2,420 cm
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1. INPUT DATA:
1.1. General Data

Specification for bridge design: TCN 272-05
Live load HLS83
Impact {or dynamic) of the live load IM = 0.25
Pedestrian PL = 0.00 (kN/m®)
Length of Girder L= 27.00 (m)
Span between support Ly= 26.10 (m)
Carriageway width in bridge w= 11.75 (m)
Parapet width c= 0.50 (m)
Bridge width B= 12.75 (m)
Number of girder Ng = 5.00 girder
Space hetweem 2 girders = 2.55 (m)
Distance from inside of parapet to exterior girder center dg = 0.78 (m)
Width of bridge deck bys = 12.48 (m)
Length of the overhang (cantilever arm length) L= 1.28 (m)
Thickness of bridge deck t. = 0.22 (m)
Precast plank width b = 1.95 (m)
Precast plank thick hg = 0.08 (m)
Pavement thick hpa 0.084 (m)
1.2. Girder dimension:
by, Width of over part by, = 800.00 (mm)
|'T'1 b= 600.00 (mm)
fe—] My Width of under part by=  600.00 (mm)
h*, d Ij -~ Girder high h= 1500.00 (mm)
= T hy = 80.00 (mm)
hy = 200.00 {mm)
b, ne | Cross section at end at the midle
%, by=  600.00 200.00 {mm)
—t Wiy = 34.00 110.00 {rm}
———a'—h"“ h*, =  1266.00 740.00 (mm)
b - hy = 0.00 250.00 {mm)
> hoy = 0.00 200.00 (mm)
1.3. MATERIAL PROPERTIES:
1.3.1 Concrete:
Girder concrete
Girder concrete strength at the 28 age days foz 45.00 MPa
Unit weight of Concrete Y=  2400.00 kG/m’
Modulus of elasticity E.=0.043 v, * sqri{f) =  33914.98 MPa
Deck concrete
Deck concrete strength at the 28 age days fo= 35.00 MPa
Unit weight of concrete Ye=  2400.00 kG/m’®
Modulus of elasticity E.=0.043 7, sqit(f;) = 29910.20 MPa
1.3.2 Prestressing steel
Diameter of one strand D= 12.70 mm
Area of one strand A2 = 98.70 mm*
Ultimate Tendon strength fou 1860.00 MPa
Yield strength of prestressing steel foy=09f,= 1674.00 MPa
Modulus of strand E,= 197000.00 MPa
Wobble friction coefficient (mm-1) = 6.60E-07 mm™
Coeficlent of friction (1/RAD) po= 0.25
Number of Strands in one Tendon n= 12.00 Strands
Area of one Tendon A= 1184.40 MM”
Stress in the prestressing steel at jacking fy= 075, = 1395.00 MPa
Jacking force for one tendon i = 1652.24 kN
Anchorage set AL = 8.00 mm
Area of one duck Ag= 331831 mm*
Number of Tendons = 4.00 Tendons
1.3.3 Reinforcing Steel:
Yield strength (deformed bar) foy = 400.00 (MPa)
Modulus of steel E; = 200000.00 (MPa)

(5.4.2.4-1)

(5.4.2.4-1)
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2. INTERNAL FORCE:
2.1. Dead Load:

2.1.1 Load:
Interior Beam:
Bridge deck DCy = 13.30 (kN/m)
Precat plank & cross beam DCy = 4.58 (kNim)
Parapet DCpa = 4.74 (kN/m)
Pavement DWW, = 4.44 (kN/m)
Exterior Bean:
Bridge deck DCy = 13.30 (kN/m)
Precat plank & cross beam bC, = 2.29 (kN/m)
Parapet DCpq = 4.74 {(kN/m)
Pavement DW= 4.44 {kN/m)
2.1.2 Internal Force due to dead load:
Formula : M =0.5 q.% (L-X)
Q =q.{0.5.L-X))
Ly= 26.10 (m)
INTERIOR GIRDER
Gilrder (DC) Congcrete Deck (DC) | Plank & cr.beam {DC) Parapet (DC) Pavement (DW)
Section | - X M | Q | M Q - M Q M Q M Q
{m) (kNm}) {kiN) {kNm} {kN) (kNm} (kN) (kNm) {kN) (kNm) (kN}
Support! 0.00 0.00 | 216.70 0001  173.55 0.00 59.81) 0.00 61.86]  0.00) 57.96
/8 | 326 | 618.62 | 162.53 495.42 130.16 170.74]  44.86 176.58 46.39)  165.46|  43.47
L/4 8.53 |1060.48! 108.35 849.30. 86.77 292.70( 29.91 302.71 _30.93] 283.65| 28.98
3L/8 979 (132561, 5418 1061.62 43.39|  365.87 14.95 37839  1546| 354.56 14.49
Li2 13.05 | 1413.98| 0.00f 113240 0.00 390.26 0.00 403.62 0.00 378.20 0.00
EXTERIOR GIRDER
~ Ghi 0.00 0.00 | 216.70 0.00f 173.55 0.00 69.81| 0.00 61.86| 0.00] 57.96
L8 3.26 618.62 | 162.53 495.42 130.18 85.37]  44.86 176.58 46.39]  165.46| 4347
Li4 6.53 1106048 108.35 849.30 86.77| 146.35 29.91 302711 30.93|  283.65 28.98
3L/8 9.79 | 132561 54.18| 1061.62 43.39 182.94 14.95 378.39 1546 354.56 14.49
L/2 13.06 | 1413.98 0.00 1132.40 0.00 195.13 0.00 403.62 0.00 378.20 0.00
- 2.2t Ive Load:
2.2.1. Distribution factors for Live load: o
Modular Ratio: Girder Concrete/Deck Concrete n=Ej/Ey= 1.13
Distance from girder centroid to bridge deck centroid e'g = 853.99 {(mm)
efg = 853.99 (mm)
Longgitudinal stiffness parameter Kg=nflg+A ezg) = 1.2E+12
i K =n(lg + A &) = 1.2E+12
Ration - Kg/(Ltt)= 4.37
KEg (L) = 437
S/L= 0.10

{a) Distribution Factor for Moment: g(M)
Interior Beam:

S 04 s G e Gl
006+ ~——| |2 £ =
For one lane 1{4300] [L] i 0.528
5 06 s 02 g 0.1
T 0075+ — | 1= |51 = 0.749
WO Or more lanes [2900) (LJ L-’:

Exterior Beam:

For one lane, follow the lever rule X2
AGDO 1800 X1
Xi=  925.000 !
X,= 272500 r\ ¥ 3
Y, = 0.363 l !
Yz = 1.069 ? ?
a> g{M} = 0.5"zyi = Lh |, S .
Two or more lanes d
e=077T4+—"2—= 1.047 < (=}1
2800
Choice e= 1.047  IF(e>1,1.8)

=> g(M) =e"Gong = 0.784]

{b) Distribution Factor for Shear force: g(Q)

Interior Beam: I3
F 0.36 + = X
or ane lane 7600 0.696
Two or more lanes S s Y
02+ —- [———] = 0.852
3600 10700
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Exterlor Beam:
For one lane, follow the lever rule

a{Q) = 0.5"Zyi = 0.716

Two or more lanes de
e=10.06+

3000

0.868

=> g{Q) =€ Guong = 0.731

(c) Correction factor for skew bridge:

* Correction factor of distribution factor for moment (Table 4.6.2.2.2d-1)

Skew angle 0= 10
Factor cl= 0.000
Correction factor CF{M)=  1.000

CF{M) =10 - ct.{tang)"’

015 0.5
01:0.25{ Kg J (ﬁ)
Lis® L

Area of applications
300<= 9 <= 600
1100<= § <= 4900
6000 <=L <= 73000
Nb >= 4

Degree.

* Regulation factor of distribution faclor for shear force (Table 4.6.2.2.3¢-1}

Area of applications
Correction Factor CF{Q)= 1.023 00<=§ <= 600
1100<= S <= 4900
List ] 6000 <= L <= 73000
CF(Q) = 1.0-»0.20[ o ] tan @ Nb >= 4
Kg
(d} Table of Distribution factors for Live load:
[interior Beam g(M) a{Q) m m*g{iv} m*g(Q) [m*g(M)*CF{M)| m*g{Q)*CF(Q)
1 lane ~ 0.528 0.696 1.20 0.634 | 0.835 0.634 0.854
2 or more lanes 0.749 0.852 1.00 0.749 0.852 0.749 0.871
Exterlor Beam
1 lane 0716 | 0718 _ 1.20 0.859 0.859 0.859 0878
2 or more lanes 0.784 0.731 1.00 0.784 0.731 0.784 0.747
2.2.2 Live Load:
[1]
Design Truck /ﬁ
777 J . of 777 P EAI
4.30m 4.30m to 9.00m
P,=35kN  P,= 145kN  (use4.30m) P, = 145kN
W = 9.3kN/m

Design Lane Load

T I3 31 V111 ]

Design Tendem

- Truck

- Lane load
- Tandem
- Pedestrian
- Dynammic load
2.2.3 Internal Force due to Live load:
Design truck or Tendem

Lane load

Pedestrian

Ol rrrrdy

1.20m
1 P, = 110N I P, = 110kN

P1= 35.00 (kN)
P2 = 145.00 (kN)
W= 9.30 (kN)
Pi= 110.00 (kN}
PL= 0.00 kN/m?
IM = 0.25
Momen Mirqry = ZPiyi
Shear force  Qypery = ZPiyi
Momen Mia = W.Fy
Shear force  Qu, = W.Fq
Momen Mp. = PL.Fy
Shear force  Qp. = PL.Fq

(kNm)
(kN)

(kNm)
(kN)

(kNm)
(kN}
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Influence line for Momen & Shear force Load Shear
Section at 1/2L Truck 1733.63 127.08
w= 8515613 145(k) I TA5(kN) I aslk])
Toviok) [ X Lane 791.91 30.34
ﬂ,ﬂb 300 &.08 'dfm 12 m 15.00 ﬁ&.w 2100 24.00 2700
- 5 Tandem 1369.50 104.94
g bEH %
145(kN) | 35N
wt = 32625 Design 1733.63 127.08
w' = -3.2625 11004) r‘
i
i ; |
coo 200 eov 900  12c0] lsop heee—armO zaco 2700 ) 0.00 0.00
™ 3 Pedestrian
¢ 9 $
Section at 3/8L Truck 1660.21 167.70
w= 78,829
A5{kN) 145{kN) 145{KM)
V_rwmu Lane 742.41 47.41
a.00 2.00 f.o0 200 1200 15.00 1806 2100 200 2700
3 & 8 Tandem 1296.28 132.44
w' = 1.835 145(kN) 145(kM) | 35(kN}
w' = -5.098 i Desian 1660.21 167.70
q +10(kN} }
0.00 200 &.00 200} | f2.00 15.00 ‘ E 24.00 27.00 0.00 0.00
o 5 2 § Pedestrian
§ @ @ ®
Section at 1/4L Truck 1359.34 208.33
w= 63.863 145k aasa |
1104k} y
0.00 .00 s.ai'j 200 1260 1500 1800 2100 2400 2700 Lana £93.93 £8.27
8% 3y 5
¥ 9 wi Tandem 1043.63 159.94
145(kN} TA5(N) 35004
w' = 0.818
wha 7.347 vowe |"| | Desian 1359.34 208.33
—_— t
ﬁ.ﬂﬂ 3.00 En‘.ﬁi! 9.00 1200 15p6 N 24.60 27.00
p 0.00 0.00
08 & 3‘; Pedestrian
¢ oo o ;
Section at 1/8L Truck 812.21 248,95
145{kN) 145N} as[kNl w= 37.254
u.ac?m‘mknm 6.00 ! oo thos  tseo  imen 2o 24m0  z7ee Lan 346.46 92.92
@ana D T ey
a8 3 R Tandem 611.53 187.44
B ~
145 (N} Fm|_|mm wt= 0204
. i wt = -9.9917 Design 812.21 248.95
10{xN) '—l i
I E—
0.00 3. 600 .00 14.00 4 .60 2400 27.00 000 000
) = a Pedestrian
LS =1 b
At support Truck 0.00 289.58
145(”\') 50| 35{kN) w= 0.000
Lane 0.00 121,37
[_-' 110(kN)
o090 .00 6.00 L G0 t2o0 1500 18.00 21.00 24.00 2700
Tandem 0.00 214,94
[reomeer IR I6LKN) w' = 0.00
|_'11U(FcN] w® = -13.050 Design 0.00 289.58
o.kul 200 6,00 Bon . 1206——tso0—THOO 2100 2400 2700
“ s by 0.00 0.00
8 & 2 o .
<8 bl Pedestrian
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Internal Force due to Live load :

Internal Force due to pedestrian :

MiLoms = M*g(M) * [max{Mrz, My (1+IM) + My,]
Q(LLHM] = m*g(Q) * [max{QTR- QTa}*“HM) + QLn]

M = g{M} * Mp_
Q=g(Q)* Qp
In which:
Mrreray  moment due to truck or Tandem
Qrrrey  Shear force due to truck or Tandem
yi Value of influence line F Area of influence line
m Lane factor g Distribution factor
interior | mrg(M)]__m’g(Q)
0.749 0.871
Exterior
| 0.859] 0.878
TABLE OF INTERNAL FORCE DUE TO LIVE LOAD
Setion Xi Interior Girder Exterior Girder
M Q M Q
(m) | (kNm) kN) | (Nm) | (kN)
Support|  0.00 ~ 0.00 420.90 0.00 424.51
L/8 3.26 1019.67 351.: 1169.48 354.92
L/4 6.53 1717.10 286.22 1969.38 | 288.67
L8 979 | 2109.90 223.84 2419.89 ; 22575
L2 13.05 2215.68 164.75 2541.21 166.16
2.3 Load combination:
Strength limit state: U=1[1.25DC + 1.50 DW + 1.75 (LL+IM®
Service limit state: U=n[1.00 BC + 1.00 DW + 1.00 (LL+IM)}]
Faligue state: U=0.75 (LL+IM)]
The modify load factort nN=Npns
STATE Modify Load Factor -
No Nr T N="MpMg M
Strength 1.00 1.00 1.00 1.00
Service 1.00 1.00 4.00 1.00
2.3.1 Load combination - - Interior Girder:
STATE |Strength
load Section
Load | Eagtor 7 /4 38 2
- v wm T a MG M - T L
B 1 (kNm)_ . {kN) ~ (kNm) kN (kNm) (kNY | (kNm) G (kN)
oc i - 1826.70; 479.92] 3131.49 319.95 3914937 159.97| 4175.32 0.00
ow 248181 65.21| 42547 43.47]  531.84 ~21.74| _b67.30 _0.00
LL+IM 0.00] 736.58 1784.43 615.85]  3004.93 500.89 3692.33 391.71 3877.44| 288.32
Total 0.00| 1463.42 3859.32) 1160.98] B6561.90 864.31 8138.54 573.42| 8620.07] 288.32
STATE |Service
Load Section
Load | Factor Support ¥E W] 378 Uz
R L M ~Q M a [ m T _a |- M T_a_
(kNm) | (kN) | (kNm} (kiN) (kNm) { (k) _{kNm) (kN} (kNm) | {kN)
Dc - 1.00 | 0.00] 511.92] 146136 383.94 2505.19 255.96 313149  127.98] 3340.26|  0.00
DW 1.00 0.00 57.96 165.46| = 43.47 283.65 28.98 ~ 354.58 14.49 378.20 0.00
LL+IM 1.00 0.00] 420.290 1019.67 351.91] 1M7.10 286.22 2109.90 223.84| 2215.68)| 164.75
Total 0.00] $90.73 2646.50 779.32] 4506.95 5§71.16 5595.96 366.31 5834.14) 164.75
2.3.2 Load combination - Exterior Girder:
STATE |Strength
Load Section
Load | factor Supprt WG] Ua 378 VA
T M Q M Q oM Q M Q M Q
(kNm) | (kN) | (kNm) (kN) {kNm; &Ny | (kNm) (kN (Nm) | (k)
{»]® 1.25 0.00] 639.90| 1719.99 479.92] 2948.56 319.95 3685.70 159.97]  39831.41 0.00
DWW 1.50 0.00 86.94 24819 65.21 425.47 4347 531.84 21.74| _ 567.30 0.00
LL+IM 1.75 0.00) 742.88 2046.59 621.12]  3446.41 505.17 4234.80 305.06] 444711  290.78
[Total 0.00| 1469.72 4014.77| 1166.24| 6820.44 868,59 8452.34 576.77] 8945.82| 290.78
STATE |Service
load Section
Load factor Support L/8 Li4 3L/8 Li2
¥ M Q M Q M Q| M Q M Q
__________ | {kNmM) (kN) | (kNm) (kN) | _(kNm) (kN) {kiNm) (kM) (kNm) (kN
DC 1.00 | 0.00] 511.92 1375.99 383.94| 2358.85 255.96 2948.56 127.98| _ 3145.13 0.00
DWW 1.00 0.00 57.96 165.46 43.47 283.65|  28.98 354.56 14.49 378.20 0.00
LL+IM 1.00 (.00] 424.51 1160.48 354.92] 1969.38 288.67 2419.89 225.75| 2541.21| 166.16
Total 0.00} 994.38 2710.94 782.33] 4611.87 573.64 5723.01 368.22| 6064.53| 166.16

Page 5.



3. TENDON PROFILE AND PROPERTY OF GIRDER CROSS SECTION
3.1. Tendon profile:
Tendon profile follow Parabol equation:

A -o)x( - x)

yi = f [2
in which: Qrigin of coordinates in left edge of the Girder bottom (0.0}
f Maximum deflection at mid span of tendon
c Distance from maximum deflection point to girder botiom
4. 9) Coordination of point under consideri=1,2...
L actual distance between cable ends (X-axis)
Lp = X3-Xy Distance batween 2 point under consider
angle of rotation of tendon for X-axis Tan{a) = (4.f (1-2.Xi /L)) /L
a=2f/05L -tan{a)
Lepan = 27000 (mm)
Le. = 26100 (mm)
Leap= 26700 (mm)
f= 170 |(mm) Lcdp=| 26700 |(mm) 1 = 240 {mm)
Section Xi Yi Lp ELcap | Tan(ai) () Zo Section
{mm} {mm) {mm) {mim) (rad) (rad)
TENDON No Anchorage 0.00] 1170.00 0.00 0.00] 0.1753 0.0000 0.0000| Anchorage
1 Support - 300.00| 1128.67| 300.00| 300.00| 0.1713] __ 0.0039 0.0039| Support
L/8 3562.50] 739.88| 3262.50| 356250} 0.1285] _ 0.0468 0.0507 L/8
L4 6825.00( 46217|3262.50| 6825.00| 0.0857 0.0896] 01403 L4
348 | 10087.50f 295.54; 326250 10087.50| 0.0428 0.1324 02728 3Li8
L/2 13350.00| 240.00| 3262.50| 13350.00( 0.0000 0.1753 0.4480 Li2
.. f=| 860 )(mm) Leap =1 26700 }{mm) C={_ 110 __fmm)
Section Xi Yi | Lp Zlcap | Tan{o) (o) Zol Section
(mm) {mmy} (mmj} {rnm) (rad) {rad)
TENDON No Anchorage| ~ 0.00] 860.00f 000 0.00f 0.1288 0.0000 0.0000]| Anchorage
2 Support 300.00| 826,67 300.00| _ 300.00| 0.1259|  0.0029 0.0029] Support
L/8 3562.50| 513.13| 3262.50| 3562.50| 0.0245|  0.0344 0.0373 L/8
L4 6825.00] 289.17| 3262.50( 6825.00(_ 0.0630 0.0859| 0.1031| LM
3L8 10087.50| 154.79| 3262.50| 10087.50| 0.0315 0.0874|  0.2005( 3L/8
L2 13350.00( 110.00| 3262.50( 13350.00| 0.0000 0.1288 0.3293 L/2
f=| 550 |(mm) | Lcap= 26700 |(mm) =i 110 {mm)
Section . Yi | Lp Zlcap | Tan(w) (o) o Section
(mm) {mim} {mm) {mmy} {rad) {rad}
TENDON No Anchorage|] ~ 0.00| 550.00| 0.00 0.00( 0.0824| 0.0000 0.0000| Anchorage
a Support |  300.00| 530.45| 300.00 300.00) 0.0805 0.0019 0.0019| Support
L/8  3562.50| 346.50|3262.50| 3562.50; 0.0604 0.0220 0.0238 Li8
L4 6825.00F 215.11| 3262.50| 6825.00| _0.0403 0.0421 0.0860( L4
3L/ | 10087.50| 136.28)3262.50| 10087.50| 0.0201 _0.0623|  0.1282 3L/8
L/2 13350.00] 110.00| 3262.50| 13350.00f 0.0000 0.0824 0.2106 L/2
~ f=] 240 [{mm) Leap =] 28700 |(mm) C= 110 {mm)
Section Xi | _XYi Lp | Zlcap | Tan(e) (o) Zo, _Section
{mim) {mm) {raim} {mm) (rad) (rad)
TENDON No Anchorage 0.00| 240.00 0.00 - 0.0]_0.0360 0.0000|  0.0000{ Anchorage
4 _ Support 300.00( 234.22] 300.00 300.0| 0.0351 0.0008 0.0008| Support
L8 356260 179.88]| 3262.50| 3562.5| 0.0264 0.0096; 0.0104| L/8
L4 6825.00 141.06{ 3262.50| 6825.0f 0.0176 0.0184] 00288 L4
3L/8 10087.50| 117.76| 3262.50] 10087.5| _0.0088 0.0272 0.0560f  3L/8
L2 13350.00] 110.00|3262.50] 13350.0[ 0.0000 0.0360 0.0919 Li2
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TENDON No 1 TENDON No 2 TENDON No 3 TENDON No 4
Section Xi Y‘, Xi Yi Xi Yi Xi Yi
om) | mm) )y | o) | om) | om) | om) | )
Anchorage | 0.00] 117000] 00| 860.00] 00| 56000  0.00] _ 24000
Support 300.00| 1128.67| 300.0| 826.67|  300.0| 530.45| 300.00|  234.22
,,,,, 1 1100.00| 1023.06] 1100.0| 741.50] 1100.0| 48048\ 1100.00|  219.46
2 | 245000 859.97| 24500| 609.98| 2450.0| ~403.32| 2450.00| _ 196.66
37| 345000 751.44| 3450.0| 522.45| 3450.0| 35197 3450.00]  181.49
L8 3562.50]  739.88| 35625 513.13| 35625 346.60] 3562.60]  179.88
4 4450.00 663.33| 4450.0 443.33 4450.0| 305.56 4450.00 167.78
"5 | 5450.00|  565.67| 6450.0| 372.64| 5450.0] 264.08| 5450.00]  155.52
76 | 6as0.00|  488.44| 6450.0| 310.35| 64500, 227.54| 6450.00] 144.73
7 7450.00]  421.65| 7450.0| 256.49| 7450.0| 195.94| 7450.00|  135.39
L4 | 6825.00|  462.17| 6825.0( 280.17| 6825.0| 215.11| 682500  141.06
78 | 8450.00| 36520 8450.0| 211.04| 84500 169.28| 8450.00|  127.51
g 9450.00| _ 319.37| 9450.0 174.01| 9450.0| 147.55| 9450.00] 121.08
0 10450.00| ~ 283.89| 104500| 145.39| 10450.0| 130.76| 10450.00  116.13
11| 11450.00]  258.84| 11450.0| 125.19| 11450.0] 118.91| 11460.00] 11263
3L/8 10087.50| 295,54 10087.5| 154.79| 10087.5| 136.28| 10087.50| 117.76
12 1245000 244.23| 12450.0( 113.41| 124500 112,00 12450.00]  110.69
" 43 | 13450.00]  240.05| 13450.0| 110.04] 134500/ ~110.02| 13450.00]  110.01
14 14450.00¢ 246.31] 14450.0) 115.09] 14450.0] 112.99| 14450.00 110.88
BEE 1545000  263.01| 15450.0] 128.56| 15450.0| 120.89| 15450.00|  113.22
12| 13350.00)  240.00{ 13350.0] 110.00| 13350.0| 110.00| 13350.00(  110.00
2 | 7125000 263.01| 11250.0| 128.56| 11250.0| 12089| 11250.00  113.22
31 1225000 246.31| 12250.0| 115.08 12250.0] 112.98] 12250.00| 110.88
a 13260.00] _ 240.05| 132500 110.04| 132500 110.02] 13250.00]  110.01
5 14250.00| " 244.23| 14250.0] 113.41| 142500| 112.00] 14250.00] 11059
" | 16612.50]  296.54| 166125 154.79| 186125 136.28| 16612.50  117.76
87| 1s250.00|  258.84| 15250,0| 125.19| 15250.0] 118.91| 15250.00  112.63
77 7| 16250.00|  283.89| 16250.0| 145.39] 162500 130.76| 16250.00]  116.13
8 | 17250.00 319.37| 17250.0f 174.01| 17250.0| 147.55| 17250.00 121.09
9 18250.00| _ 365.29| 18260.0{ 211.04| 18250.0| 169.28| 18250.00] 12751
- 19875.00|  462.17| 19875.0| 289.17| 198750 215.41| 19875.00]  141.06
10 19250.00]  421.65| 19250.0| 256.49| 192500{ 195.94| 1925000  135.39
41| 20250.00]  488.44| 20250.0| 310.35| 20250.0| 227.54| 20250.00|  144.73
1277 T 21250.00]  566.67| 212500 372.64| 212500| 264.08| 21250.00[  155.52
13" | 22250.00|  653.33| 222500 443.33| 22250.0| 305.56| 22250.00|  167.78
277 2313760 739.88] 23137.5| 513.13| 23137.5| 346.80| 23137.50|  179.88
T4 | 2325000| 751.44] 232500| 522.45| 232500| 351.97| 2325000 181.49
14| 2425000] 850.97| 24250.0| 609.98| 24250.0| 403.32| 24260.00( 19666
1677 7| "25600,00  1023.06| 25600.0| 741.50 25600.0| 480.48| 25600.00]  219.46
| Support | 26400.00|  1128.67| 26400.0| 826.67| 26400.0| 530.45 26400.00]  234.22
Anchorage | 26700.00 1170.00| 26700.0] 860.00| 26700.0] 550.00{ 26700.00 240,00
; TENDON i :
1500 : e (:"T“O)FILE —0—Ci|
1000 ;‘\‘\
500 4

MK

0 3000 6000 9000 12000 15000 18000 21000 24000 27000
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4. LOSS OF PRESTRESS
4.1 Loss of prestressing force immediately (Instantaneous losses):
4.1.1 Friction between Prestressing Tendon and Duck:

Formula:

Afgp = £ (1-011y

(6.8.5.2.2)

Xi: Length of tendon from the jacking end to any paint under consideration

Section Tendon no. 1 Tendon no. 2 Tendon no. 3 Tendon no. 4 | SUMI4
_______ Xi Zo: Afpp Yo B Apr bX ,A_fPF oo ___éfPF EAfPF
{mm) {rad) {MPa) {rad) (MPa) {rad) {MPa) {rad) {MPa) | (MPa)
Ancho.| 0.00 0.0000 (  0.00 | 0.0000 0.00 0.0000 0.00 ~0.0000 0.00 0.00
Support| 300.00 | 0.0039 | 1.65 0.0029 1.29 0.0019 | 0.92 0.0008 0.56 1.10
L/ 3562.50 | 0.0507 | 20.81 | 0.0373 | 16.19 0.0238 11.55 0.0104 6.89 | 13.86
L4 | 682500 | 01403 ; 5414 | 01031 | 41.62 00660 | 28.98 | 0.0288 | 16.23 | 35.24
3L/8 | 10087.50 | 0.2728 | 100.60 | 0.2005 77.00 [ 01282 | 5297 | 0.0560 | 28.561 | 64.77
Li2 13350,00 | 0.4480 | 158.76 | 0.3203 | 121.52 0.2106 83.16 0.0919 | 43.65 | 101.77
4.1.2 Anchorage seating or Set:
Formula
B E(AL)LPF
pAd
! Af;)l-’
Af — 2AprLpA
LPF pr/4—xP | |
P " LpA >
Ay =A|1- « Lof v
L.,
Trong 46:
Lpa Effective length due to anchorage set
E Cable modulus of elasticity
AL Setting length
Lor The tength from anchorage to point that Joss stress due to friction was known
Afor The loss stress value at the peint that the leng from anchorage tiitis Ly
Af  The loss stress value at Anchorage

Choice the tength from anchorage to point that loss stress due to friction was known (LpF) and caleulation follow:

Xi Afpa Xi Afpn
Te_ndon no.4 (mm) (MPa) Tendon no.2 (mm) (MP3)
epE= 13380) 0] 23712 LpF= 13350 0] 207.46
) 158.76 300y 229.99 A = 121.52 300 202.00
9969.5 3563| 152,39 LpA= 113951  3563] 142.60
237.12 6825, 74,79 Af = 207.46|  6825| 83.20
10088 0.00 _10088| 23.81
13350 0.00 13350 0.00
Xi Afon Xi Afon
Tendon no.3 (mm) (MPa) Tendon no.4 (mm) (MPa)
LpF = 13350 0]__166.33 LpF = 13360 0| 87.29
Ay = 83.18 300] 162.59 Afr = 43.65 300( 85.33
LpA = 13350.0 3563 121.94 LpA = 13350.0 3563) 64.00
Af = ~ 166.33) 6825 81.29 Af= 87.29 6825| 42.67
10088 40.65 B 10088] 21.33
13350 0.00 13350 0.00
4.1.3 Elastic deformaticn of concrete: N—1 E
Formula Af- — _r (5.9.5.2.3b-1})
In which: BT AN g T
Number of tendon ¢ N= 4.00 {Tendon)

Cable modulus of elasticity Ep= 197000.0 MPa

Concrete strength at transfer i = 40.50 MPa

Unit weight of concrete Yo = 2450.00 kg/m3

Concrete modulus of elasticity at transfer Ey= 33185.3 MPa

Total stress of concrete in the Tendon centroid (f.,) due to prestressing force and self weigh of girder
E,  Fe_ Mpye

S a Iy Iy
Compression force due to pretressing consider loss stress: | Fi= N*f A - A" E(Afr + Afw)
A Area of girder cross section
kx Inertia Moment of Girder cross section
e Distance from tendon centroid to neutral line of girder section
Moc Maximum moment due to self weigh of girder at jacking
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Total loss stress due to friction and Anchorage:

i |lendoni[Tendon2| Tendon3 [ Tendon4 | ~ SUM_ | ZF]
Section AfpF+Afun AfpF+Afon | AfpF+afon | AfpF+afon | Z(ATDF+ARA)
{mm} (MPa) | (MPa) (MPa} {MPa} (MPa} {(kN)
Anchorage | 0 | 23712 | 20746 | 16633 | 87.29 598.20 | 5782.00
Support | 300 | 231.64 | 203.28 | 16351 684.32 | 5798.44
L/8 3563 173.20 168.78 | 133.49 536.36 5973.68
L4 8825 128.93 124.82 110.28 422.93 1 6108.03
3us8 10088 | 10060 | 100.81 | 9362 344.87 | 620048
Li2 13350 158.76 121.52 83.16 407.10 6126.78
Loss stress due to Elastic deformation of concrete
Section Xi Fj A ix e Moc | fogp Aes
(mm} (kN) {mm2) | (mm4) (mm) kNm (MPa) | {MPa)
_Anchorage 0 [ 5782.00 | 9.3E+05 | 1.8E+11 [ 88.23 0.00 649 | 14.44
Support 300 | 5798.44 | 9.3E+05 1.3E+11 88.23 0.00 6.51 14.48
L/8 3563 5973.68 | B.7E+05 | 1.6E+11 31962 | B18.62 11.49 25.58
14 6825 | 610803 | 5.BE+05 | 1.5E411 | 48014 | 1060.48 16.40 | 36.50
3us 10088 | 6200.48 | 5.8E+05 | 1.5E+11 | 580.92 | 132561 | 1920 | 4284
L2 13350 6126.78 | 5.8E+05 | 1.5E+11 614.51 1413.98 19.85 44.41
Total loss of prestressing force immediately - Remaining prestressing force:
Tendont Xi Afgr Afon Mes IA F (o)  |FiCoste)| Fi"Sinfo)
Section {rnm) {MPa) | (MPa) {(MPa) (MPa) (k) (rad) (kN) {kN}
anchorage| 0O | 0.00 237.12 j 14.44 | _251.57 1354.28 | 0.1735 |1333.951233.82
_ Support 300 1.65 | 22098 14.48 | 24642 | 1380.73 [ 0.1697 |1341.19 |229.80
__Lis 3563 2081 | 15239 | 2558 | 198.78 | 1416.80 | 0.1278 {1405.25 |180.68
L4 6825 54.14 74.79 36.50 165.43 1456.30 | 0.0855 |1450.98 [124.31
3L/ | 10088 | 100.60 | 0.00 42.94 143.54 1482.22 | 0.0428 [1480.87 [63.43
Li2 13350 | 168.76 0.00 44.41 203.18 1411.59 | 0.0000 |1411.59{0.00
Tendon2 [ Xi Afyr Afoa Mes £A F (@) |Fr-Costa)]Fi sin(e)
Section {mm) {(MPa) | (MPa) {MPa) {MPa) {kN) (rad) (kN) (kN}
[anchorage[ 0 | 0.00 | 207.46 | 14.44 | 22190 | 138942 } 0.1281 [1378.03 |177.54
Suppert 300 | 129 | 20200 | 1448 | 21777 | 1394.32 | 0.1253 |1383.39 [174.23 |
T | 3563 | 1619 | 142.60 | 2558 | 184.37 | 1433.88 | 0.0042 |1427.52 [134.84
Li4 | e825 | 4162 | 8320 | 3650 | 161.32 | 1461.17 | 0.0629 |1458.28 |91.83
3L/8 | 10088 | 77.00 | 2381 | 4294 | 143.75 | 1481.98 | 0.0315 |1481.25 |46.64
Li2 13350 | 121.62 0.00 4.41 165.94 1455.70 0.0000 |1455.70 |0.00
Tendon3 Xi Afge Afpa Mes ZA Fe (o) Fi™*Costa)| Fi *Sin(o)
Section (mm) | (MPa) | (MPa) (MPa) {(MPa) (ki) (rad} (kN) (kM)
anchorage| 0 0.00 166.33 | 12.84 | 179.47 | 1440.03 | 00822 1143517 |118.25
_Support | 300 | 092 [ 16259 | 1288 | 176,38 | 1443.33 | 0.0804 |1438.67 [115.88
L/g | 3563 | 1155 | 121.94 | 2274 | 15623 | 1467.20 | 0.0603 |1464.53 |88.47
Li4 6825 28.98 81.29 | 3244 142.72 | 1483.20 | 0.0403 |1482.00[59.68
3L/8 | 10088 | 52.97 | 4065 38.17 131.79 | 1498.15 | 0.0201 |1495.84 [30.12
L/2 13350 83.16 0.00 39.48 122.64 1506.98 0.0000 |1506.9810.00
Tendond Xi Afe Afon Mes TA Fj“ () Fi*Cos{u)| Fi**Sin{a)
Section {mim}) (MPa) | (MPa) (MPa} {MPa) (kiN) (rad) (kN) {kN)
anchorage| 0 0.00_ | 87.29 9.63 06.92 | 1537.44 | 0.0359 [1536.45 [55.24
Support | 300 0.56 | 8533 966 | 9555 | 1539.07 | 0.0351_[1538.12 |54.06
L8 3563 689 | 84.00 | 17.05 87.94 | 1548.08 | 0.0264 [1547.54 |40.79
L/4 6825 16.23 4267 | 2433 8323 | 1553.67 | 0.0176 [1553.43(27.30
3L/8 10088 | 2851 | 2133 | 2863 78.47 1559.30 | 0.0088 |1559.24 [13.70 _
L/2 13350 43.65 0.00 29.61 73.26 1565.47 0.0000 [1565.47 [0.00
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SUM 1tod Xi 2F; Fi*Cos{o) | Fj*Sin{a} Cuap M, = ZF,Cos(u)*ecp
Sectlion (mmy} (kN) (kN) (kN) {mm) {kNm)
anchorage| _ 0 | 5721.16| 568356 _584.86 8823 | 50148
Support | 0 "|6737.45| 5701.37) 67397 8823 | 508.04
L/ 0 5865.96 | 5844.84 44469 31862 |  1868.15
L/4 Q 5954.33 | 5944.69] 303.12| 480.14 2854.27
_ 3L8 0 6019.66¢ 6017.20( 153.89| 580.82 3495.51
L2 0 5939.75| 5939.75 0.00|] 614.51 3650.06

4.2. L.oss of prestressing force at service stage (time - dependent losses):
4.2.1 Loss of prestress due to Shrinkage:

Formula: Mpgy = (93 - 0.85*H)
Relative humidity of environment H= 80.00 %
' |Afpsn = 25.00 (MPa) |
4.2.2 Loss of prestress due to Creep:
Formula Afper = 12.0 fogp - 7.0 * Afegp
In which:
fegp Stress in concrete at tendons centroid (f,,) due to prestressing tendon

and self weigh of girder
Afes,  Sless at tendons centroid changes due to permanent load,
except dead load action at transfer

Xi interior Girder Exterior Girder

Section ! pr Afcdp ' AprR Afcdp AfpcR

{m) (MPa) | (MPa) {MPa) {MPa) {MPa)

Support | 0.00 6,51 000 | 78.08  0.00 78.08
L/8 3.26 11.49 0.93 | 130.96 1.80 125.28
L4 B.53 | 1640 | 501 | 161.64 | 456 164.82

~ 3us 979 | 1929 | 535 | 194,00 6.73 | 184.38

L2 13.05 19.95 8.31 181.21 7.54 186.63

4,2,3 Loss of prestress due to Relaxation:

(a) At transfer: £
Formula: Af gy = log@4t)) f _ 0,55 |f;
P 40 ifyy Pl
In which:
t : ‘time estimated in days from stressing to transfer t= 0.00 days
fpy - Specified yeild strength of prestressing steel f;, = 1674.00 (MPa)

fpj : Initial stress in the tendon at the end of stressing

X foi | Afpe
(m) {MPa) {MPa)
‘Support|_ 0.00 1380.52 |  0.00
L8 3.26 | 1369.42 0.00
L4 6.53 | 1358.50 0.00

T 9.79 | 1352.06 | 0.00
L2 13.05 | 1350.59 | 0.00

Section

(b) After Transfer:
Formuia: Afprs = 30%*(138 - 0.3 Afpg - 0.4 Afgs - 0.2 (Afpgy + Afpeg))

Interior Girder

Section | Xi Afp Afes Afpsn. Afper Afprg

{m) (MPa) | (MPa) {MPa) (MPa) | (MPa)

Support | 0.00 | 110 | 1448 | 2500 | 1952 | 36.89

L8 3.26 13.86 25.58 2500 { 232.74 3362

L/4 | 653 | 3624 | 3650 | 2600 | 4041 | 29.02

3L | 979 | 6477 | 42.04 25.00 48.50 26.01

L/2 13.05 | 101.77 | 44.41 25.00 45.30 22.69

Exterior Girder

Section Xi Afr Afges Afpsy Aper Afpro

{m) (MPa) | (MPa) | (MPa) (MPa) | (MPa)

Support |_0.00 | 110 | 1448 | 25.00 1952 | 36.89

L/8 | 326 | 1386 | 2556 | 25.00 3132 | 3370

/4 | 653 | 3524 | 3650 | 25.00 41.20 | 29.88

3U8 | 979 | 64.77 42.94 25.00 46.09 28.15

L2 13.05 | 10177 | 44.41 25.00 4666 | 2261
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TOTAL LOSS STRESS AT SERVICE STAGE

Interior Girder
Setion Xi Alpgyy Afper Afpgy Afpra Sum
(m) {(MPa) {MPa) {MPa) (MPa) {MPa})
_Support | 0.00 [ 25.00 78.08 | 0.00 36.89 | 139.97
L/8 326 | 2500 | 13096 | 000 | 3362 [ 189.58
L/4 6.53 25.00 | 181.64 000 | 2992 216.57
3L/8 9.79 25.00 184.00 0.00 26.01 245.01
L2 13.05 25.00 181.21 0.00 22.69 228.90
Exterior Girder
Section Xi Afpsy Mper Afpgy Alppg Sum
{m) (MPa} (MPa) {MPa) (MPa) (MPa)
Support | 0.00 26.00 | 78.08 000 | 36.89 139.97
L/8 3.26 25.00 125.28 0.00 33.70 | 184.00
L4 6.53 | 25.00 164.82 | 0.00 20.88 219.69
3L/8 9.79 25.00 | 184.38 0.00 26.15 235.53
L2 13.05 25.00 186.63 0.00 22.61 234.24
4.3. Total Prestressing force consider loss in the service stage:
Interior Girder
Tendon1| Xi EAr F, ©) Fi'*Cos(e) | Fj"Sin{«)
Section | (mm) (MPa) {kN) (rad) {kN) (kN)
Support § 0,00 | 386.09 | 1194.95 | 0.1697 1177.79 | 201.80
s 3.26 388.36 | 1192.26 | 0.1278 1182.54 | 151.96
L4 | 653 382.00 | 1199.80 | 0.08556 | 1195.42 | 102.41
3L | 979 388.55 | 119204 | 0.0428 | 1190.24 51.01
L2 13.05 | 432.08 | 1140.48 | 0.0000 1140.48 0.00
Tendon2| Xi TAqr F (@ Fi*Cos{w) | F/Sinfa)
Section | (mm) | (MPa) (kN) {rad) (kN) (kM)
Support | 0.00 | 357.74 | 1228.54 | 0.1281 | 1218.46 | 156.99
L/8 3.26 | 373.95 | 120934 [ 01253 | 1199.86 | 151.11
L/4 6.53 | 377.89 | 1204.66 | 0.0942 | 1199.33 | 113.29
- 3L 9.79 | 388.76 | 1191.79 | 0.0629 1189.44 | 74.90
L/2 13.05 394.84 | 118459 | 0.0315 1184.00 37.28
Tendon3| Xi EAg F’ o) Fi*Cos{e) | Fi*Sina)
' Section | {mm) (MPa) (kN) {rad) {kN) (kiN)
' Support | 0.00 319.14 | 1274.25 [ 0.0804 1270.14 | 102.30
_Lis 3.26 | 366.97 [ 1218.79 | 0.0603 | 1218.57 73.49
_Lia 6.53 372.79 | 1210.70 | 0.0403 | 1209.72 48.72
L8 | 9.79 387.73 | 1193.01 | 0.0201 | 119277 24.02
k2 13.05 360.69 | 1225.03 | 0.0000 1225.03 0.00
Tendon4 Xi ThAgr Fr {00 Fi**Cos{o) | Fi*Sin{a)
Section | (mm) {MPa) {kN) (rad) (KN} {kN)
Support 0.00 236.89 | 1371.66 j 0.0351 1370.82 48.18 |
L/g 3.26 285.13 | 1314.53 | 0.0264 1314.08 34.64
/4 | 853 | 304.51 | 1291.57 | 0.0176 | 1291.38 | 22.69
38 | 979 | 32823 | 1263.48 | 0.0088 | 1263.43 [ 11.10
L/2 13.05 307.37 | 1288.19 1 0.0000 1288.19 (.00
SUM tod| Xi IF, Fi*Cos(o} [VP=FI'Sinto)|  ecame M, = ZFCoS(0)* s
Section | (mm) {kN) {kN} {kN) (m) (kNm)
Support | 0.00 | 5069.40| 5037.21 509.27| _ 0.09 444.4
L/8 0.00 1493492 4913.04] 411.21 0.32 1570.3
L4 0.00 |[4906.74| 4895.84 287.11 0.48 2350.7
3L/8 | 0.00 | 484032 | 4836.58 161.04 0.58 2809.7
Lf2 0.00 |4838.30{ 4837.71 37.28 0.61 2972.8
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Exterior Girder

Tendon? Xi EAgr F (&) Fi*Coste) | FJ Sin{a}
Section j (mm) (MPa) {kN) {rad) (ki) (kiN)
Support [ 0.00 | 386.09 [ 1164.95 1 0.1697 | 1177.79 | 201.80
L/8 1 000 | 382.78 | 1198.88 | 0.4278 | 1189.10 | 15281
L4 | 0.00 {38513 | 1196.09 | 0.0855 j 1191.73 | 10210
“3L/8 | 0.00 | 379.07 | 1203.26 | 0.0428 | 1202.16 | 51.50
L2 0.00 437.42 | 1134.16 | 0.0000 1134.16 0.00
Tendon2|  Xi LAy F (@ FlCos{oy | Fj Sinu)
Section | (mm) {MPa) (kN) {rad} {kN} {kN)
Support | _0.00 | 357.74 | 1228.54 | 01281 | 1218.46 | 156.99
L8 0.00 | 368.36 | 1215.95 | 0.1253 | 120642 | 151.94
L/4 0.00 381.02 | 120096 | 0.0942 1195.64 112.94
3L/8 0.00 { 379.28 | 1203.02 | 0.0629 | 1200.64 | 7561
L2 0.00 400.18 | 1178.27 | 0.0315 1177.68 37.08
Tendon3| Xi LAgy FP (@ Fi*Cos(e) | Fj *Sin{a)
Section | {mm) {MPa) {kN) (rad) {kN} {kN)
Support [ _0.00 | 319.14 | 1274.25 | 0.0804 | 1270.14 | 102.30
L/8 0.00 | 360.38 | 122540 | 0.0603 | 1223.17 | 73.89
L4 0.00 | 375.92 [ 1207.00 | 0.0403 | 1206.02 | 48.57 _
3L/8 | 000 | 378.25 | 1204.24 | 0.0201 | 120399 | 24.24
L2 0.00 366.03 | 1218.71 | 0.0000 1218.71 0.00
Tendond|  Xi Zhpy Fp (o) Fi*Cos{e) | Fi™Sin(a)
Section | (mm) [ (MPa} (kN) {rad) (kN} (kN}
Support |_0.00 | 236.80 | 1371.66 | 0.0351 | 1370.82 | 48.18
L/8 0.00 | 279.54 | 1321.15 | 0.0264 | 132069 | 34.81
L/4 0.00 | 307.64 | 1287.87 | 0.0176 | 1287.67 | 22.63
R 0.00 | 318.76 | 1274.70 [ 0.0088 | 1274.65 | 11.20
TR 0.00 312.70 | 1281.87 | 0.0000 1281.87 0.00
SUM 1tod Xi ZF; Fi*Cosfo) [VP=Fi"Sin(a}|  egupe M, = ZF Cos{e) ecs,
Section [ {mm) {kN) {kN) (KN} {(m) (KNm)
Support | 0.00 | 5069.40 | 503721 509.27] 009 | 4444
L/8 0.00 |4961.37 | 4939.38| 41345 032 | 15787
L4 0.00 |4881.92| 4881.06| 286.23| 0.48 23436
3118 0.00 | 488522 | 4881.46| 16255] 0.58 28357 B
L2 0.00 4813.01 4812.43 37.08 0.61 29573
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6. FIBRE STRESS CHECK:

Formula:
F, Fe My F, Fe M,
Top fibie:  f,, = — — =4+ 25 Bottom fibre f,, = — 4 -t = —EC
4 5 S, A S, S,
Mote (+): Compression tresses ; (-} Tension stresses
Concrete strength at transfer fe' =0.9fc= 40.50 MPa
Comprresion stress Limit at transfer 0.6 fci' = 24.30 MPa
Tension stress Limit at transfer  0.25 SQRT{fci") < 1.38 = -1.38 MPa {5.9.4.1.2-1)
Setion| Xi A St Sb | Fi"Cos(e e Moe f; foi Kiém tra
{mm) | {mm2} (mm3}) {mm3) {kN) (mm) (kNm) | (MPa) | (MPa} fi fii
irderen| 0 [9.27E+05|2.44E+08 )2 32E+08| 5683.69 88.23 | 0.00 4.07 8.29 OK OK
Supporl| 300 |9.27E+05| 2.44E+08 | 2.32E+08| 5701.37 [ 88.23 0.00 4.08 | 832 OK oK
L/8 | 3563 |6.70E+05] 2.17E+08 | 2.00E+08) 5844.84 319.62 | 618.62 2.97 14.69 OK | OK
L4 6825 |5.77E+05| 2,09E+08 [ 2 05E+08 | 5944.69 | 480.14 1060.48 | 171 | 19.07 OK OK
3U/8 | 10088 | 5.77E+05] 2.09E+08 | 2.05E+08 | 6017.20 | 580.92 | 132561 | 0.03 21.04 oK oK
L2 | 13350 | 5.77E+05| 2.09E+08 | 2.05E+08 | 5939.75 | 614.51 | 1413.98 | -0.42 21.23 OK OK
5.2 Stress check during contruction the deck:
5,21 Increase load:
Exterior Diaphragms beam DCym = 46.80 (kN)
Interior Diaphragms beam DCgn1 = 21.90 (kN)
Precast plank DCy = 3.74 (kN/m)
Wet concrete of deck DCpe = 13.30 (kN/m)
5.2.2 Stress check:
Compression strength of concrete fo= 45.00 MPa
Compression stress limit 0.45fc= 20.25 MPa (5.9.4.2.1-1)
Tension stress limit 0.5 SQRT(fc) = -3.35 MPa (5.9.4.2.2-1)
Setfon| Xi A St Sb Fi e Mog fi foi Kiém tra
| {mm) | (mm2) {mm3) (mm3) (kN)Y {(mmy} (kNm) | (MPa) | (MPa} fi foi
birderen] 0 |9.27E+05| 2.44E+08 | 2. 32E+08 | 5683.59 | 88.23 ~0.00 4.07 | 829 OK | OK
Supporl| 300 |9.27E+05| 2.44E+08 | 2.32E+08| 5701.37 | 8823 | 0.00 | 408 | 832 | OK | OK
L/8 | 3563 |6.70E+05| 2.17E+08 | 2.09E+08] 5844.84 | 319.62 178021 | 832 9.14 oK _OK
 Li4 | 6825 |5.77E+05| 2.09E+08 | 2.05E+08| 5944.69 480.14 | 220248 | 7.18 | 13.49 OK OK
_3L/8 | 10088 |5.77E+05| 2.09E+08 | 2.05E+08 | 6017.20 | 580.02 | 2753.10( 6.88 14.06 oK [ OK
/2" | 13350 | 5.77E+05| 2.09E+08 | 2.05E+08| 5939.75 | 614.51 | 2936.64) 6.88 13.79 OK OK
5.3 Stress check at the top fibre of Girder - Service stage :
5.3.1 Due to prestressing tendon and self weigh of girder - Service limit stage |:
Compression Stress Limit: 045fc= 20.25 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fe) = -3.35 MPa
f — P.va’ . Pl"fef + Mg +MS + MSDL
i A S
Interior Girder ! S, S"g
setion [ -3 .| A S | _Se | Pe Pps'@c | Mg*Ms) Msp | R |Check
(mm) | (mm2) {mm3) (mm3) (kN) (kiNm} (kNm) | (kNm) | (MPa) f;
Support] 300 |9.27E+05| 2.44E+08| 9.05E+08| 5037.21 444.44 0.00| 0.0 3.608 OK
L/8 | 3563 |6.70E+05| 2.17E+08| 8.43E+0B| 4813.04| 15670.32 1284.78( 342.04 6.379] OK
L4 6825 | 5.77E+05| 2.09E+08| 9.75E+08| 4895.84( 2350.68| 2202.48) 586.36 8.382 OK
3L/8 {10088 | 5.77E+05] 2.09E+08| 9.75E+08; 4836.58 2809.66| 2753.10| 732.95 8.869| OK
L/2 | 13350 | 5.77E+05| 2.09E+08| 9.75E+08| 4837.71| 2972.84| 2936.64] 781.82 9.018] OK
Exterior Girder
Setion —)gf, ,,,,,, A 5, ] Stg Ppa Ppe*ec M9+Ms MspoL fy Chec‘f
(mm) | (mm2} {(mm3) {mm3) (kN) {kNm) (kNm) | (kNm) | (MPa) fi
Supportl 300 |9.27E+05| 2.44E+08| 9.05E+08| 5037.21 444 .44 0.00( 000 3.608 OK _
~Lis 3563 | 6.70E+05| 2.17E+08| 9.43E+08] 4939.38| 1578.74| 1199.41] 342.04 5.087 oK
/a4 | 6825 |5.77E+05| 2.09E+08| 9.75E+08| 4881.06| 2343.58 2056.13; 586.36|  7.688 OK
3L/8 | 10088 | 5.77E+05| 2.09E+08| 9.75E+08| 4881.45] 2835.73[ 2570.17| 732.95 7.944 OK
/2 | 13350 | 5.77E+05] 2.09E+08| 9.75E+08| 4812.43| 2957.30| 2741.51] 781.82 8.113 OK
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5.3.2 Due to 1/2 (Prestressing tendon + self weigh of glrder) and Live load - Service limit stage I:

Compression Stress Limit: 0.40fc = 18.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fe) = -3.35 MPa
f =0 5[_1311 Ppeec +Mg +M, +Msm,]+M1,r,
; .
A S, S hY S
Interior Girder ! f & ‘“
Setion |1 A S | Su [ P | Peotec |Mg+Ms| Msp | My | i |Check
{mm} | (mm2) {mm3) (mma3) (kN} (kNm) {(kNm) | (kNm) | (kNm) | (MPa) fi
Supporl 300 [9.27E+05| 2.44E+08| 9.05E+08) 5037.21 444.44 0.00 0.00| 0.00 1.804| OK
_L/8 | 3563 |6.70E+05| 2.17E+08} 9.43E+08] 4013.04 1570.32] 1284.78| 342.04| 1019.67 4271 ©K
L/4 | 6825 |5.77E+05| 2.09E+08) 9.75E+08) 4895.84| 2350.68 2202.48| 586.36| 1717.10 5952 OK
3L/8 | 10088 | 5.77E+05| 2.09E+08| 9.75E+08| 4836.58] 2809.66| 2763.10| 732.95; 2109.90| 6.598| OK
L2 | 13350 | 6.77E+05| 2.09E+08| 9.75E+08| 4837.71| 2972.84| 2936.64| 781.82| 2215.68 6.781 QK
Exterior Girder
Setion |- 3 A St | S Ppe Ppe'ge | Mg+ M [ Mso Mu f,  |Check
(mm) | {mm2) {mm3) {mm3} {kN} (kNm) (kNm) | (kNm) [ {kNm) (MPa} fi
Support 300 927266.7| 2.44E+08| 9.05E+08| 5037.21; 444.44 0.00 0.00 0.00 1.804] OK
/s | 3563 | 670320.0( 2.17E+08| 9.43E+08| 4939.38| 1578.74 1199.41| 342.04| 1160.48]  4.234] OK
/4 | 6825 | 576600.0| 2.09E+08| 9.75E+08| 4881.06 2343.58| 2066.13] 586.36| 1969.38 5.864] OK
3L/8 | 10088 | 576600.0| 2.00E+08| 9.75E+08] 4881.45| 2835.73 2570.17| 732.95| 2419.89 6.454| OK
L/2 | 13350 | 576600.0| 2.09E+08| 8.75E+08| 4812.43] 2957.30] 2741.51] 781.82] 2541.21 6.663] OK
5.3.3 Due to prestressing tendon + self weigh of girder + live load - Service limit stage I:
Compression Stress Limit; 0.60 fc = 27.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*3QRT{fc) = -3.35 MPa
f — _‘L Ppcec +Mg +‘A4-!' +'MSDL +MIJ.
L
A S, S, S,g S,g
Interior Girder
Setion __XI A S‘ Stg o Pp_e_ P,,B*ec Mg + Ms _MSDL MLL ft Qheck
. (mm) | {mm2) {mm3) (mm3) (kN) (kNm} (kNm) | (kNm} | (kNm) (MPa) fi
Suppori] 300 |9.27E+05} 2.44E+08| 9.05E+08] 5037.21| 444.44 0.00 0.00| 000 3.608] OK
/8 | 3563 [6.70E+05)| 2.17E+08| 9.43E+08| 4913.04 1570.32| 1284.78| 342.04| 1019.67 7.461| OK
L4 | 6825 |5.77E+05| 2.09E+08| 9.75E+08| 4895.84| 2350.68 2202.48| 586.36| 1717.10| 10.142] OK
3Us8 | 10088 | 5.77E+05| 2.00E+08| 9.75E+08( 4836.58| 2809.66 2753.10| 732.95| 2109.80| _11.032| OK
172 |'13350 | 5.77E+05| 2.00E+08| 9.75E+08| 4837.71| 2972.84| 2936.64| 781.82] 221568) 11.200) OK
Exterior Girder
Setion | 0 A S| Sy Pe Ppa€c | Mg+ My | Moo | M f,  |Check
{mm) | (mm2) (mm3} {mm3) (kN} {kNm)} (kNmy | (kNm) | (kNm) (MPa) fi
Suppor] 300 |9.27E+05| 2.44E+08| 9.05E+08| 5037.21| 444.44)  0.00 0.00 0.00 3.608| OK
- L/8 | 3563 | 6.70E+05| 2.17E+08| 9.43E+08] 4939.38) 1678.74| 1199.41] 342.04| 1169.48) 7228/ OK
L4 | 8825 |5.77E+05| 2.09E+08| 9.75E+08| 4881.06( 2343.58 2056.13| 586.36] 1869.38| 9.708| OK
- 3L/8 | 10088 | 5.77E+05| 2.09E+08| 8.75E+08| 4881.45| 2835.73) 2570.17| 732.95| 2419.89] 10.426] OK _
L/z | 133501 5.77E+05| 2.09E+08| 0.75E+08| 4812.43| 2957.30| 2741.51| 781.82] 2541.21 10.718] OK
5.4 Stress check at the top fibre of deck - Service stage:
5.4.1 Due to additional load {dead load part 2} - Service limit stage I:
Compression Stress Limit: 0.45fc = 16.75 MPa (5.9.4.2.1-1}
S,
Setion Xi MSDL {&Nm) Sic(mm3) fy(MPa) Check
{mm) | in.Girder | Ex.Girder | in.Girder | Ex.Girder| in.Girder [Ex Girdey) in.Girder |Ex.Girder
Support]  300.00 0.00 0.00] 5.3E+08] 5.3E+08 0.000t 0.000] OK OK
L/8 | 3562.50 342.04| 342.04| 5.2E+08; 5.23E+08 0.654] 0654] OK QK
L/4 6825.00 586.36| 586,36 5.3E+08| 5.26E+08 1.415]  1.115]  OK OK
3L/8 | 10087.50 732.95| 732.95| 5.3E+08| 5.26E+08 1.393] 1.393] OK OK
/2 | 13350.00 781.82| 781.82| 5.3E+08( 5.26E+08 1.486] 1.486] OK OK
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$.4.2 Due to additional load (dead load part 2) and live load - Service limit stage I:

Compression Stress Limit: 0.6fc= 21.00 MPa (5.9.4.2.1-1}
f . % sor M 14,
Ic S,C
Setion Xi MSDL + MLL (kNm) Sy {mm3) fi (MPa) Check
(mm) | in.Girder [ Ex.Girder| in.Girder [ Ex.Girder| in.Girder [Ex.Girde| in.Girder | Ex.Girder
Supporti  300.00 000 0.00| 5.3E+08| 5.3E+08 0.000] 0.000f OK | OK
L8 3562.50| 1361.72| 1511.52| 5.2E+08|5.23E+08|  2.604| 2.890 0K oK
L/4 £825.00( 2303.47| 2555.74| 5.3E+08|5.26E+08 4.378] 4858 OK oK
 3L/8 | 10087.50| 2842.86| 3152.84| 5.3E+08|5.26E+08 5403 59893 OCK OK
/2 | 43350.00] 2997.50| 3323.02| 5.3E+08| 5.26E+08 5607{ 6.316] OK OK
5.5 Stress check at the bottom fikre of girder - Service Ill {stage ll1):
Compression Stress Limit: 0451fc= 20.25 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT({fc) = -3.35 MPa (5.9.4.2.1-1)
£ _ﬁJr Rveec _Mg +M, __MSDL+0'8MLL
W=
Interior Girder 4 S, S, She
sl X | A | S | Se | Pe | Pooe [Mg*MT Mo [ My [ [Cheok
(mm) | (mm2) (mm3) (mm3) (kN) (kNm) (kNm) | (kNm) | (kKNm) (MPa) fo
Support 300 |9.27E+05| 2.32E+08| 3.78E+08| 5037.21 444,44 0.00) 0.00 0.00 7.348] OK
L/8 | 3563 [6.70E+05( 2.00E+08| 3.20E+08| 4913.04| 1570.32 1284.78| 342.04| 1019.67 5.080] OK
L4 | 6825 | 5.77E+05| 2.06E+08| 3.01E+08| 4895.84 2350.68| 2202.48| 586.36; 1717.10|  2.693| OK
3L/8 | 10088 | 5.77E+05| 2.05E+08| 3.01E+08| 4836.58| 2809.66 2753.10] 732.95| 2109.90f 0.608( OK _
L/2 | 13350 | 5.77E+05| 2.05E+08| 3.01E+08| 4837.71| 2972.84| 2936.64; 781.82] 221568 0.068] OK
Exterior Girder
Setion |2 A S | Su Ppo | Ppa'€c | Mg+Ms] Msp | My f, |Check
{mm) | {mm2) {mm3) {mm3) (KN} {kNm} (KkNm) | (kNm} | {(kNm) (MPa) fo
Supportl 300 |9.27E+05[ 2.32E+08| 3.78E+08| 5037.21 444.44 0.00 0.00 0.00 7.348] OK
L/ | 3563 |6.70E+05| 2.00E+08| 3.20E+08| 4030.38| 1678.74 1199.41| 342.04] 1169.48 5193 OK
L4 | 8825 | 5.77E+05| 2.05E+08} 3.01E+0B| 4881.06 2343.58| 2056,13] 586.36| 1969.38 2.676] OK
_31/8 | 10088 5.77E+05| 2.05E+08| 3.01E+08 4881.45| 2835.73| 2570.17| 732.95| 2419.89|  0.883| OK
i/2 | 13350 | 5.77E+05| 2.05E+08] 3.01E+08| 4812.43| 2957.30f 2741.51] 781.82| 2541.21 0.035| OK
5.6 Stress check at the bottom fibre of girder - Service 1 (stage ll1):
Compression Stress Limit: 0.45 fc = 20.25 MPa {5.9.4.2.1-1}
Tension Stress Limit: - 0.5*S5QRT(fc) = -3.35 MPa (5.9.4.2.1-1)
f . Ppe +Ppﬂec‘ _Mg +M-T ___MSDL +MLI_
=
Interior Girder 4 Sy S She
Setion |0 |_. A | S | S | P Ppo€c | Mg+ M| Mg | My | % jCheck
{mm) | (mm2) {mm3) (mm3) (kN} (kNm) (kNm) | (kNm) | (kNm} (MPa) fo
Supportl 300 |[9.27E+05( 2.32E+08 | 3.78E+08 5037.21 [ 444.44 0.00 0.00 0.00 7.348] OK
L8 | 3563 |6.70E+05] 2.09E+08 | 3. 20E+08| 4913.04 | 1570.32 1284.78 | 342.04 | 1019.67 4443 OK
L/4 6825 |5.77E+05| 2.05E+08 | 3.01E+08| 4895.84 | 2350.68 | 2202.48 586.36 | 171710  1.580] OK _
3L/8 | 10088 |5.77E+05| 2.05E+08 | 3.01E+08 | 4836.58 | 2809.66 275310 | 732.85 | 2109.90 -0.785| OK
L/2 | 13350 [5.77E+05| 2.05E+08 | 3.01E+08 | 4837.71 | 2972.84 | 2936.64 | 781.82 | 2215.68 -1.407| OK
Exterior Girder
Setion A A So | Sw Poo | Ppe'€c | Mg+ M| Mgp My fy Check
{(mm) | {mm2) (mm3) {mm3} (kN) {kNm) (kNm) | (KNm) [ {kNm) (MPa) ' fy
Support] 300 |9.27E+05| 2.32E+08 | 3.78E+08| 5037.21 | 444.44 0.00 0.00 0.00 7.348| OK
/8 | 3563 |6.70E+05( 2.09E+08 | 3.20E+08 | 4939.38 | 1578.74 | 1199.41 342.04 | 1169.48 4463 OK |
L/4 | 6825 |5.77E+05| 2.05E+08 | 3.01E+08 | 4881.06 | 2343.58 | 2056.13 586.36 | 1969.38 1.366| OK _
3L/8 | 10088 |5.77E+05| 2.05E+08 | 3.01E+08 | 4881.45 | 2835.73 | 257017 | 732.95 | 2419.89 -0.727] OK
L/2 | 13350 |5.77E+05| 2.05E+08 | 3.01E+08| 4812.43 | 2957.30 | 2741.51 | 781.82 | 2541.21 -1.656) OK

- - Page 18.



22TCN272-05; AASHTO LRFD 2nd - 1998

REINFORCEMENT OF GIRDER CHECKING - STRENGTH LOAD COMBINATION

MATERIALS
NORMAL CONCRETE b
fc___ [Compressive Strength of concrete at 28days o 45 Kps w B
_Ec___ |Modulus of Elaslicity o } B 33915 et ~r1 B
~ " fr___|Modulus of Rupture _ . ) 42 x| b=l E[ o
gc  |Unit weight of concrete - . e kNAM3 24,0 meragen Lol L=
PRESTRESSING STEEL -
fpu Tensile sirength of presiressing steel Mpa 1860 = | Elsly
fpy Yield strength of presiressing steel Mpa 1674
Ep Madulus of Elastlclty Mpa 197000 o
REINFORCEMENT s
i Yield strength o Mpa 400 Apsips
~ Es _|Modulus of Elasticity _Mpa 200000 K ,«i |vese sk
nc_|Rafio EsiEc 5 =
Sign Parameters Unit Sectlon
Support | Lis | L4 | 3L/B | [WF]
INTERNAL FORCES AT SECTION
Combination Strength Strength Strength Strenglh __Strength
Qu Shear kN 1470 1166 . 869 577 201 |
_ Mu Flexural Moment kNm 0 4015 6820 | saB2 | 8946
Nu_ |Axialload kN
Tu Torsicnal Moment kNm
6.1 FLEXURAL MOMENT CHECKING
_H _|Bection height ; m o 4.700| 1.700 1.700 1.700 1,700
d's Dis. From comp. fiber to centroid of comp. Reinf m . 0082 o0p062]  0082] 0.062 0.062
d1x___|Dis. From tens. fiber to cenlroid of tenslan Reinf m 0,081 0.061] . 0.061 0.061|_  _ 0.081
Cover to reinf b m _ 0040  0.040] 0.040 ___obo40] 0.040)
___ds __ |Dis. From comp. fiber lo centroid of tension Reinf . m 1.639 1638 1.639 1.639 1.839
~ dps Dis. From comp, fi ber to centroid of comp. prestressing steel m 0.000 0.0007 0.000 0.000 '0.000]
dixp Dis. From tens. fiber to centroid of tension presiressing steel m 0.680 0.445 0,277 0.176 0.143]
dps Dis. From comp, fiber to centroid of tension prestressing steel m 1.020 1.255 1423 1524; 1558
b Width of the compressjon face of member m 2.249 _...2.249 _2.249 2.249 _2.249
— bw____|Web width or diameter of a circular section B m 0.600 ~0.320 ~0.200 0.200( 0.200
b Compression flange depth m_ ~ 0.200] 0.200 0.200 - 0.200 0.200
z Moment of inertia of section B m4 0.396 . 0.355]__ 0.341 0.341 0.341
Amc  |Section area o m2 1.393 1.136 1.042 1.042) ~1.042
Stesl cheice I . . 7 ]
Tension prestressing stee! P.5 type 12T12.7 12 T12.7) 127127 12T12.7] - _12Ti27
Aps R L Number tendong 4 . 4| 4 4 ) 4
. Area m2 0.00474|  0.00474 . 0.00474) 0.00474 0.00474
P.S lype 0700.0 “oT00.0} 0 700.0 0 TOO.D 07004 o
Alps ~_Number _ __tendons | |
L Area O m2 0,00000 Wo.ooooq ]
e __Number_ bars _— 8
As ~ Diamelter mm . 6] -
o Area m2 . - 0,00114] 00
_ Number hars A
As “Diameter mm_ i 12
Area m2 _ 0.00045
Number bars 2
Ac Diameter mm . _ 14
Area m2__ 000030 000030
A Resistance factors for flexure - 5.5.4.2 0.80] ~ Qo
- fe Resistance facters for shear o _ 090 090
_n Resistance factors for axiat force _ L 100 _ 1.00|
b1 Stress block factor . i o B 0.729 __b729
¢ ____|Dis. Between centroid and 1 m 0141 0.141
B . ForT section  behavior .m -0.153 ~ -0.324
. For rectangular section benavior m. 0.141 44 0,141
_ fpe Effective stress in the prestressing stee) after losses Mpa 9! 1192.26 11989.80( 191.79
1ps Aver. stress in pres. steel at the time for which the nominal resistance Mpa 1789 1802 1808 1812
k Faclar depends on type of P.S, Low relaxation strand k = 0.28 028 0.28 0.28 0.28
Page:1/2
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File:127 Girder(80).x1s-Sheet:6a.51-Check section

a : _ m. o102| 0.103
_de lr_eme comp fiser -
e tensile reinf. o 1.275( 1.562
M [Nominal resistance . T KNm . . 13101
Tmr |Facloredreistance T kNm _oazgl - 11791
Mu Flexual moment kiNM 4015 8946,
(5.7.3.2) |Flexural moment Checking o R R _OK __ oK
| imits for reinforcement N - I R S -
cide Maximum reinforcement 0.13 0.11 040} 009 009
. __[Maximum reinforcoment Cheeking | _==042 oK oK oK OK _OK
_rmin__ [Mimimum reinforcement . 0.08% 0.10% 0.11% 011%|__ 0.11%
___ IMimimum reinforcement Checking for RC 0.34% N N.a N.a .. _Na N.a __Na
_1.2*Mer  |Craking moment . . kNm 1287 o154 1110 1110] 1110
(5.7.3.3.2) |Checking Mr>=min(1.2M¢r,1,33Mu) ) B OK OK OK CK OK
(5.8.3.5)  |Tenslle force in steel should be salisfied - F_yc KN 1602 4918 6443 6937 6866
Checking As fy+Aps.fps >= F_ye Ok Qk Ok Ok Ok|
 (5.7.3.4) |Conctrol of craking by distr. of relnf for RC member- Check? No No No No No|
Existing condition for structrure 1,20r3 1 oA 1 1 A
de Congcr. thickness fro. Tens, fiber to tens. reinf nearest m 0.058 0.058 0.058 0.058 0,058
Z Crack width parameter } Nimm 30000 30000 30000 30000 :;@gqu
A Area of concr. wilh same cenlroid as tens. Reinf m2 0.043 0.043 0.043 0.043 0.043
fsa Valug Mpa 220 220 220 229 220
0.8y L ) Mpa 240 240 240 2400 240
Tensil stress in reinf Min(fsa,0.6fy) Mpa 220 220 220 220 220
X Dist. From compression fiber to centroid m - - - - -
J.d Arm e m : - - ot -
_ler Moment of Inertla of the cracked seclion mé4 - - - - -
fs Tensile stress in reinforcement fs = Msls /7 (As*J.d) Mpa - - - - -
Checking for control cracking fs<fsa MN.a N.a N.a N.g N.a
(5.10.8.2) [Shrinkage and temperature Relnfocement (side distribution) L B L
~ Areq  |Area of required reinf . o m2 0.00033 0.00027 0.00025 0.00025 0.00025
L Distribulion on sides . Im2 __.m2 0.00079} _ 0.00079 0.00079 0.00079}  0.00079
Required Spacing not larger than N m 0.45 0.45 0.45 045 0.45
Checking OK OK OK OK OK
6.2 SHEAR FORCE CHECKING
B Factor indicating diag. cracked concr. to tension ; .. 68 8.0 4.8 1 2.5
B Angle of Inctination of diagonal compressive degree | 27.00 27.00 26,64 28.77 _ 297
o |Angle of inclination of transv, reinf. to long. Axls degree %0 90 90| ... %0 a0,
by Effeclive web width as minimuwm web width - in dv m__ 0.600 L0320 0.200 0.200 0.200
dv  |Effective shear depth . m 1.224 1.224 1283 1.478 1.510
(de-a/2) o . m 1.001| 1.223 1383 1.478| . 1.810
 |Spacing of stitrups_ _ _ m . 0.150 0.150) _0.300 0.300 _.0.300
_|Amount of bars in spacing $ bars 2| 2 2 2 2
Shear reinf.area in spacing S _ _ m2 0.0003 0.0003] 0.0003 0.0003 0.0003
~ [Assurne .88 5.9 47 28 2.5
_ |Assume - __degree 27.00 ~ 27.00 26,49 28.79( 29.79
___|Shear slrass in concrele kN/m2 2224 3308 3490 2168 1070
_{Parameter faken as s modulus of elasticily of prestressing tendons Mpa 1218f 1221 2h I 2 | S LT A
Strain in tensile reinforcement -3.73E-03 -1.17E-03 -2.57E-05 3 85E 04 5.44E-04
) if ex<0, muftipte wilh reduce factar I 235804  -1.31E-04 -4.31E-06 - T
T\ Strain checking - <=2.00E-3 | Ok _.Okp Ck Ok Ok
vifc Ratjo of shear siress and fec - - - 0.049 0.074 0.078 _.0.048 0024
B Final value _ o 6.8] 8.0 4.8
_____ 0 _iFinal value degree __27.00 27.00 26,684
Ve Nomlnal shear resistance prowded by tensile st(esses in the concrete kN 2772 1301 732
Vs _|Shear resistance provided by shear reinforcement kN B 1935 1935| 110
~ Vp  |Compoenent in the diraction of the applied shear of the effective P.S kN I | ]
vnl__|vni=Vc+Vs+yp KN | 407 3285 1841
Vn2___|ve2 - ) - o 8262 4406| T
__V¥n__ iMominal shear resistance Yn=min(vn1,¥n2) _4ra7 3235 841 A671)_ 1483
__r Factored shear resistance _ _ 4238 2912 1687} 1414 1335
Vu Shear 1470 1166 869 o77 291
{6.8.2.7) _[Shear checking . Gk OK OK{ OK OK
Reglon requirlng transverse reinf Checking B Need _Need Need Need Need
Minimum shear reinf area m2 0.0001 0.0001] ~0.0001 0.0001 0.0001
Mimimum shear reinforcement Checking - OK OK OK| . oK oK
0.4*fc*bv*dy ) kN 3308 1763 1244 1330 1359
Smax m 0.60 0.60 0.60 0.60 _ o.aoJ
Maximum spacing Smax OK oK OK OK OK]
Pape:2/2
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CALCULATION SHEET
IGIRDER, I=-33.0m, $S=2.55m,
Skew=90 degree
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1. INPUT DATA:
1.1. General Data

Specification for bridge design: TCN 272-05
Live load HL93
Impact (or dynamic) of the live load IM = 0.256
Pedestrian PL= 0.00 (kN/m?)
Length of Girder Lg= 33.00 (m)
Span between support Ly= 32.20 (m}
Carriageway width in bridge W= 11.75 {m})
Parapet width = 0.50 (m)
Bridge width B 12.74 (m)
Number of girder Ny = 5.00 (girder)
Space hetweem 2 girders ) 2.55 {m)
Distance from inside of parapet to exterlor girder center de = 0.77 {m)
Width of bridge deck bgs = 12.47 {m)
Length of the overhang (cantilever arm length) Lp= ©1.27 (m)
Thickness of bridge deck ts = 0.223 (m)
Precast ptank width b, = 1.85 {m}
Precast plank thick hy, = 0.08 (m)}
Pavemant thick hpa = 0.084 (m)
1,2. Girder dimension:
Be, Width of over part by = 200.00 {mm)
"—b‘—'l b= 700.00 (mm)
fe— hy, Width of under part by = 700.00!(mm)
T — 15 Girder high = Ji(mm})
+= _—"—’:f:w hy = 80.00 {mm)
h, = 80.00 (mm)
b, he |n Cross section al end at the midle
", by=  700.00 250,00 (mm)
—h, hy = 34.00 110.00 (mm)
——ﬁ'-hb h*,=  1536.00 1010.00 {mm)
S hy = 0.00 250,00 {mm)
| hy= 0,00 200.00 (mm)
1.3. MATERIAL PROPERTIES:
1.3.1 Concrete:
Girder concrete
Girder concrete strength at the 28 age days fe= 45,00 MPa
Unlt weight of Concrete Y= 2400.00 kG/m®
Modutus of elasticity E.=0.043 v, "% sqrt(f) =  33914.98 MPa {5.4.2.4-1)
Deck concroto
Deck concrete strength at the 28 age days fo= 35.00 MPa
Unit weight of concrete Y=  2400.00 kG/m’
Medulus of elasticity E.=0.043 7, " sqi{f) = 20910.20 MPa (5.4.2.4-1)
1.3.2 Prestressing stosl
Diameter of ona strand D= 12.70 mm
Area of one strand A = 98.70 mm*
Ultimate Tendon strength fu=  1860.00 MPa
Yield strength of prestressing steel foy=0.91%, = 1674.00 MPa
Modulus of strand E, = 197000,00 MPa
Wobble friction coefficient {(mm-1) K= 6.50E-07 mm”
Coeficient of friction (1/RAD) p= 0.25
Number of Strands in one Tendon n= 15.00 Strands
Area of one Tendon A,=  1480.50 mm®
Stress in the prestressing steel at jacking fy = 0.7 . = 1302.00 MPa
Jacking force for one tendon P= 192761 kN
Anchorage set AL = 6.00 mm
Area of one duck Ay=  5026.55 mm*
Number of Tendons N= 5.00 Tendons
1.2.3 Reinforcing Steel:
Yield strength (deformed bar} Toy = 400.00 (MPa)
Modulus of steel Ey = 200000.00 (MPa}
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2, INTERNAL FORCE:
21,

Dead Load:

2.1.1 Load:

Interior Beam:
Bridge deck

Precat plank & cross beam

Parapet

Pavemant

Exterior Beam:
Bridge deck

Precat plank & cross beam

Parapet

Pavement

2.1.2 Internal Force due to dead load:

Formula :

DG, = 13.32 {kN/m)
DG, = 4.64 {KkNfm)
DG, = 4,74 (kNfm)
DW, = 4.44 (kNtm)
DC, = 13.32 (kN/m)
DCy = 2.32 (kNfm)
DGy, = 4.80 (kN/m)
DW, = 4.44 (kNfm)
M = 0.6 q.% (L-X)
Q=g{0.5.L-X}
Ly = 32.20 (m)

Girder (DC) Concrete Deck (DC) | Plank & cr.beam {
Section % M Q M Q M Q M M Q
1 {m} (kNm} {kN) {kNm) {kN) {kiNm) (kN) (kNm) {kNm} (N}

Support|  0.00 0.00 326.91 0.00 214.42 0.00 74.77 0.00 76.31 0.00 71.51

L/8 403 [1i51.35| 24519 755.16 160.81 263.33 56.08 268.77 57.24 251.84 53.63

Lia 8.05 |1973.74| 163461 1294.58 107.21 451.42 R

L8 12.08 | 2467.17 81,73 161819 53.60 564.28

L2 1726.07 0 601.90

Siana EXTERIORGIRD!

G 0.00 326,91 0.00 214.42 0.00

L/8 403 [1151.35] 245.19 755.16 160.81| 131,66

L4 8.05 11973.74| 183.46 1294.56 107.21 225.71
- 3u8 12.08 | 246717 81.73] 1618.19 53.60 282.14

1/2 16.10 | 2631.65 0.00] 1726.07 0.00 300.95

2.2 Live Load:

2.2.1. Distribution factors for Live load:
Modular Ratio: Girder Concrate/Deck Concrete
Distance from girder centroid to bridge deck centroid

Longgitudinal stiffness parameter

Raticn

() Distribution Factor for Moment: g(M)

Interlor Beam:

For ona lane

04 o3/ K 0.1
0.064{——3 J [5) L
4301 L)\ Ly

5 06 [ S]oz K 0.1
0075+ —| |=| | =
Two of more lanes [2900] 7 ij

Exterior Beam:

For one lane, follow the lever rule

Two or more lanes

Interior Beam:
For one lane

Two or more lanes

Exterior Beam:

e=077+

I

X = 920000
Xp=  2720.00
Y, = 0.361
Yy = 1,067

g{M)= 0.5yl =

d,

Choice

2 _

2800

es 1.045

=> Q(M) =etgl|nng :

(b) Distribution Factor for Shear force: g(Q)

5

0.36 + =

0.2+ —S—
3600

7600

S 2
- [10700 ] =

n=EylEy= 1,13
dg = 934.27 (mm)
ety = 934,27 (mm)
Kg=n(lg+Ae’) = 1.7E+12
Kfg=n(lg + Ae%) = 1.7E+12
Kg /(L) = 4.83
Keg 1Lty = 4.83
SfL= 0.08
0.504
0.727
X2
l600 1800 X1
T
AR

1.045 <(=)1

IF(e>1,1,8}

0.696

0.852

77

Lh |l S )
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For one lane, follow the lever rule

g(Q) = 0.5*Zyi =

Two or more lanes
e=0.6+ de =
3000

0.857

=> 9(Q) =&"Giuny =

{c) Correctlon factor for skew bridge:

* Correction factor of distribution factor for moment (Table 4.6.2.2.2d-1}

Skew angle 0= 0
Factor cl=  0.000
Correction factor CF{M}=  1.000

CFM) =10 - el {tan)"?

025 0.5
ol= 0.25.[ Kg (§J
Lis? L

* Regulation factor of distribution factor for shear force (Table 4.

Correction Factor CF(Q)= 1.000

)"
CHO)Y=10+02 —] .tan@
Xg

{d) Table of Distribution factors for Live load:

Degrae.

Area of applications
300<= 9 <= 600
1100<= § <= 4900
6000 <= L <= 73000
Nb>=4

6.2.2.3¢-1)

Area of applications
00<= 9 <= 600
1100<= § <= 4900
8000 <= L <= 73000
Nb >= 4 :

intertor Beam g(M) g(Q) m m*g{M) m*g{C} I m*g{M)*CF{M)|_m*a(QY*CHG)
1 lane 0.504 0.696 1.20 | 0.605 0.835 0.605 0.835
|gor more Janes 0.727 0.852 1.00 0.727 0.852 0.727 0.852
Exterior Beam
11are 0.714 0.714 1.20 0.856 0.856 | 0.856 0.856
2 or more lanes 0.760 0.729 1.00 0.760 0.729 0.760 0.729
2.2.2 Live Load:
Deslgn Truck
I
Crrr i T FT7F
4.30m 4.30m to 9.00m
P,=35kN  P,=145kN (use4.30m) Pa= 145kN

W = 0.3kN/m

Design Lane Load

Design Tendem 4 1.20m i
1P1s110kN IP1=110}<N
- Truck P1= 35.00 (kN)
Pz = 145,00 (kN}
- Lane load W= 9.30 (kN}
- Tandem P1= 110.00 (kN)
- Pedestrian PL= 0.00 kN/m?
- Dynammii¢ load M= 0.25
2.2.3 Internal Force due to Live load:
Design truck or Tendem Momen Mrr(ra) = EPiyi
Shearforce  Qpgray = ZPiYi
lL.ane load Momen M = W.Fu
Shear force Q= W.Fg
Pedestrian Momen Mg = PL.Fy
Shear force  Qp = PL.Fg

(kNm)
(kM)

{kNm)
(kiv)

{kNm)
(kN})

A S A
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{/

Influence [ine for Momen & Sheat force L.oad [ Momen (KN.m) |
Section at 1/2L Truck 2229.25 133,79
w= 129605 145{kN) 145{kN} kN)
10y [ Lane 1205.33 37.43
o.no 200 600 000 1200 ls,o‘a 18.00 4400 2400 2700 A000 3300
w Tandem T705.00 795,90
= N I
i _ 145{kN) 145{ki) B5(kN)
wt= 4025 Deslgn 2229.25 133.79
wh= 4025 10(kN) r'
— _ 2 0,00 0.00
000 900 B8O SO0 1200 1500, UG $U5 2400 2700 3000 $300 Pedestrian
23 o9
Sectlon at 3/8L Truck 2124.86 174.41
w= {121.505
35 144004 145(kN)
oo0 500 ©0¢ |poo 2b0] 1500 | tag0 2100 2400 2700 3000 3200 Lane 1129.99 58.49
Tandem 1610.81 133.40
w'= 2.264 | 35{kN)
wt= -6.289 Peslan 2124.86 174.41
000 300 600 900 I?&_I_JS.DOJ—'m 0 2400 2700 3000 3300 0.00 0.00
’ ’ " g 2g 2 Py " ‘ ’ ' Pedestrian
X o ]
Section at 1/4L Truck 1731.06 215.04
w= 97204 a5} 145(kiN) 35(kN)
110N}
000 300 600 ’VT 1200 1500 4300 2100 2400 27.00 23000 23.00 Lane 903.99 84,22
.{3!&) \Li/ L
S % E o Tandem 1205.25 160.90
145(kN) | 35(kn)
w'= 1.008
wt = D056 T Deslan 1731.06 215.04
Eah D ~
000 300 600 fido 1280 Aam—m 32.00 0.00 0.00
L o % Pedestrian
53 8 9
Section at 1/8L Truck 1029.05 255.66
145{kN) £45(kN) 35(kN) w= 06702
- ood 10bo r‘r.oo BOG  120h 1500 1800 2100 2400 27.00 3000 3000 lan 527.33 114.64
‘aim. '
.. 2 E Tandem 758.31 188.40
[ & w
145(KN) 45{3 35{kN) wt = 0.252
wt= 12327 Design 1029.05 255,86
110{kK)
®ah 3D
000 a.ooiz__L.oo—-— - B0 500 1600 2100 2400 27400 3000 3300 0.00 0.00
23 = F Pedestrian
g 9 -3 G
At support Truck 0.00 296.29
1 35(kN) w= 0.000
Lane 0.00 149.73
0. 1YY sc0 00 1200 1500 18.00 2100 2400 2700 3000 3300
g 8 g Tandem 0.00 215,90
e ) 5l wh = 0.00
r_'nn(m; wt= 16100 Design 0.00 296.29
o 50{7—&99-'_ Wm 3000 33.00 500 000
88 3 < Pedestrian
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Internal Force due to Live load :

Internal Force due to pedesirian :

Moy = PP @M} * [max{Mrr, Mra}(14IM) + Mo]
Queam = M*g(Q)* [max{Qrp, Qra}*(1+IM) + Qi)

M = g(M}* Mp,
G=g(@)" CGp
In which:
Mygirsy  moment due to truck or Tandem
Qrreray  Shear force due to truck or Tandem

Area of influence line

yi  Value of influence line F
m  Lane factor q Distribution factor
Interior - mg(M)[ m*g(Q)
0.727 0.852
Exterior
0.856] 0.856
TABLE OF INTERNAL FORCE DUE TO LIVE LOAD
Selion Xi Interior Girder Exterior Girder
M Q M Q
_ {m} (kNm) (k) (kNmj} (N) |
Support| _0.00 | 0.00 442.88 0.00 44544 |
L/8 4.03 1319.41 369.75 1563.33 | 371.8%
Li4 8.05 2231.82 300.61 2627.50 | 302.35
 3L/8 1208 | 2754.34 23545 | 324266 |_236.82
L2 16.10 2904.08 174.28 3418.94 | 175.29

2.3 Load combinatlon:
Strength limit state:
Service limit state:
Faligue state:

U= [1.25 DG + 1.50 DW + 1.75 {LL+IM)]
U =7 [1.00 DG + 1.00 DW + 1,00 (LL+IM)]
U = 0.75 (LL+IM)]

‘The modify load factort N="Mp MR N
STATE Modify Load Factor
b IR n 1N =Mp N N
Strength 1.00 1.00 1.00 100
Service 1.00 1.00 1.00 1.00
2.3.1 Load combination - - Interior Girder:
STATE §trenglh
Load Load Section
Factor Support L/8 L4 378 L2
¥ M. Q M Q M Q M Q M Q
.  (kNm) {kN) {kNm}) (kN} (kNm) (kN) (kNm) (kN) _{kNm}) (kN)
DC 1.25 0.00| 865.52 3048.25 649.14| 522558 432.76 653107 216.38 6967.44 0.00
DW 1,50 0.00] 107.26 377.76 80.45 647.60 53.63 __809.49 26.82 863.46 0.00
LL+IM 1.75 0.00] 775.04| 2308.97 647.07[ 3905.69 526.07 4820.10 412.05] 508214 305.00
Total 0.00( 1747.82 5734.99] 1376.65 9778.87 1012.48 12161.57 655.24] 12913.03 305.00]
[STATE [Service
Load Load Section
Factor Support L/8 L4 3L/8 L2
¥ M Q WM Q M Q M Q M Q
(kNm) {kN) (kNm) {kN) (kNm) (kN) (kNm) {kN) (kNm} (kN)
DC 1.00 0.00] 692.42| 2438.60 519.31]  4180.46 346.21 5225.58 173.100 6573.95 0.00
Dw 1.00 0.00 71.51 251.84 53.63 431.73 35.75 539.66 17.88 575.64 0.00
LL+IM 1.00 0.00] 442.88 1319.41 2369.76]  2231.82 300.61 2754.34 235.45 2004.08 174.28
Total 0.00] 1206.80 4009.86 942.70) 6844.02 692,57 8519.59 426.44 9053.67 174,28
2.3.2 Load combinatlon - Exterior Girder:
STATE |Strength
Load Ssction
Load | poctor Supprl U5 A 38 72
¥ M Q M Q M Q M Q M Q
{kNm) {kN) (kNm} (k) (kNm) (kN) (kNm) (kN) {kNm) (kN)
[o]e] 1.25 0.001 866.63| 2887.57 649.97] 4950.12 43331 £6187.65 216.66|  6600.16 0.00
DW 1.50 0.00| 107.26 377.76 80.45 647.60 53.63 809.49 26,82 863.46 0.00
LL+IM 1.75 0.00) 779.52 2718.32 6550.81 4538.13 529.12 5674.65 HM4.43]  5083.14| 306.76
Total 0.00] 1753.41 5983.66] 1381.23| 101 95.84] 1016.06 12671.80 657.91] 13446.76 306.76
STATE |Service
load Section
Load | 4 stor Support L7 4 378 72
oy M Q M Q M Q M Q M Q
(kNm) | (kN) {kNm) | _ (kN) {kiNm) (KN) {(kNm}) {kNY (kNm) {kN)
DC_ | 100 0.00] 69330| 2310.08| 51998} 3960.10]  346.65 4950.12 173,33 5280131 0.0
Dw 1.00 0.00 71.51 251.84 53.63] _ 431.73 35.75 ~539.66 17.88 575.64 0.00
LL+IM 1.00 0.00| 445.44 1553.33 371.89] 2627.50 302.35 3242.66 236.82| 3418.94] 175.28
Total .90] 1240.25 411523 945.50] 7019.33 684.76 8732.44 428.02 9274.71 175,29
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3. TENDON PROFILE AND PROPERTY OF GIRDER CROSS SECTION
3.4. Tendon profile:
Tendon profile follow Parabol equation:

A - e)x{ - x)

»m= S I8
in which: Origin of coordinates in left edge of the Girder bottom (0.0}
f Maximum deflection at mid span of tendon
[ Distance from maximum deflection point to girder bottom
() Coordination of point under consider 1= 1,2...
L actual distance between cable ends (X-axis)
Ly =X2-X;  Distance between 2 point under consider
angle of rotation of tendon for X-axis Tan(e) = (4.f (12X /L) /L
a=2f/0.5L-tan(a)
Lepan= 33000 {mm)
L. = 32200 {mm)
Leap = 32700 (mmy)
1 a0 [(mm) Lcap =] 32700 _{mm) = [3:::890 7 (mm} :
Section Xi Yi Lp Zlcap Tanf{ul) () Zo Section
{mm) {mm) {mm) {mm) {rad) (rad)
TENDON Anchorag 0.00] 1440.00 0.00 0.00 0.1761 0.0000 0.0000( Anchorage
No 1 _Support 250.00] 1408.14]  260.00 250.00 01735 0.0027 0.00627| Support
L/3 4275.00 962.70|  4025.00] 4275.00 0.130t 0.0461 0.0488 L8
| L4 8300.00 644.53| 4025.001 8300.00 0.0867 0.0894 0.1382 114
L8 12325.00 453.63| 4025.00| 12325.00 0.0434 0.1328 0.2710 3Ls
Li2 16350.00 390,00] 4025.00] 16350.00 0.0000 0.1761 0.4471 Li2
f 13055 (mm) Ledp=| 32700  [(mm}) =1 21 (mm)
Section Xi Yi Lp Ilcap Tan(o) {c) p2r] Sectlon
(imim) (mm} {mm) (mm) {rad) (rad)
TENDON Anchorag 0.00]  1130.00 0.00 0.00 0.1382 0.0000 0.0000| Anchorage
No 2 Support 250.00]  1103.60 250.00( 250,00 0.1361 0.0021 0.0021] Support
L8 4275.00 734.62 4025.00| 4275.00 0.1021 0.0361 0.0383 Lig3
| L 8300.00 470,80f 4025.00] 8300.00 0.0681 0.0702 0.1084 L4
| 3Ls 12326.00 312,72 4025.00] 12325.00 0.0340 0.1042 0.2126 3Li8
Li2 16350.00 260.00{ 4025.00] 16350.00 0.0000 0,1382 L/2
| f=[ane Ledp =] 32700 |(mm) c=F (fom)
|Section Lp ZLedp Tan{e} | (o) Section
{mm) {mm) {rad)
TENDON Anchorag 0.00 0.00 0.1003 0.0000 0.0000| Anchorage
No 3 Support 250.00 250.00 0.0988 0.0015 0.0015] Support
L8 4025.00] 4275.00 0.0741 0.0282 0.0278 Li8
L/4 4025.00f  8300.00 0.0484 0.0508 0.0787 L4
3aL/s 4025.00] 12325.00 0.0247 0.0756 0.1643 3Li8
Lj2 4025,00] 16350.00 0.0000 0.1003| 0.2546 Li2
| =3 Lcdp=| 32700 [{mm) =k ] (mm)
Section ] Lp ZLleap Tan{o) (o) Ta Sactlon
{mm) {mm) {mm) {mm} (rad) {rad)
TENDON Anchorag 0.00 510,00 0.00 0.0 0.0624 0.0000 0.0000| Anchorage
No 4 Support 250.00| 498.47|  250.00 250.0]  0.0614]  0.0010] 0.0010] Support
Lig 4275.00 337.26| 4025.00 4275.0 0.0461 0.0163 0.0173 L8
Li4 8300.00 222.12| 4025.00 8300.0 0.0307 0.0317 0.0489 L/4
L8 12325.00 153.03] 4025.00( 12325.0 0.0154 0.0470 0.0960 s
Li2 16:350.00 130.00 A025.00 16350.0 0.0000 (.0624 0.1583 Li2
» f= Ledp=| 32700 |(mm} = |4 {mm)
Soction Lp Zhedp Tan(c) (o) p3: Secfion
{mm) {mm)} {mm) {mm)} {rad) {rad)
TENDON |Anchorage 0.00 200.00 0.00 0.0 0.0245 0.0000| _ 0.0000( Anchorage
Nos | Support 250.00]  197.88[ 250.00 250.0{ _ 0.0241] 0.0004[ ~ 0.0004|  Support
_ L8 4275.00 168.18 4025.00 4275.0| _ 0.0181% 0.0064|  0.0068| L8
L4 | _8300.00[ 146.97| 402500  8300.0f 00120 0.0124| 00192 _ Li4
| 3Li8 12325.00 134.24)  4025.00 12325.0 0.0060 0.0184 0.0376 3L
1i2 16350.00 130.00] 4025.00 16350.0 0.0000 0.0245 0.0621 Li2
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TENDON No 1 TENDON No 2 TENDON No 3 TENDON No 4 TENDON No 5
Section X; i X Y X Y% Yo 0% LY
{mm} {mm) (mm) (mm} (mm}) {mm}) {mm} {mm} (mm) {mm)
Anchorage| 0,00 144000 — 0.0 118000  o0o|_ _s2000[ 000 51000 000 200.00
Support 250.00f 4408.14|  250.0| 1103.60|  250.0)  7v90.08] 250.00|  498.47[  250.00] 197.88
1 1000.00 1315.49] _1000.0)  1026.83|  %000.0[__ 738.18| 1000.00;  464.94|  1000.00 191.70
2 2350.00|  1158.86{  2350.0|  897.68|  2350.0| _ 635.91| 2350.00|  408.61 2350.00]  181.32
3 3360.00| 1053.80| 33500 810.04]  5350.0|  666.21| 3350.00|  370.23|  3350.00 174.25
L/g 4275.00| 962.70| 42750|  73452| 4275.0| 50635 4275.00|  337.26|  4275.00 168.18
4 4350.00|  955.81 435001 728.65|  4350.0|  501.69| 4350.00|  334.70  4350.00 167.71
5 5350.00]  866.27|  5360.0|  653.79]  53500|  442.32| - 5350.00|  302.00f  6350,001  161.68
s | e3s000f 78278  6350.0|  585.45|  6350.0| 388.12| 6360.00 27215 6350.00(  156.19
7 | _735000| 708.16|  7350.0{  523.61 7350.0) 339.07| 7350.00| 245.14] 735000  151.21
Li4 300.00] 64453 ®300.0 470.90|  8300.0| 297.27| 8300.00f  222.12| _ 8300.00|  146.97
B 8350.00] 64138  8350.0| 468.29| 8350.0|  205.49| 8350.00] 220.98]  8350.00 146.76
9 9350.00]  582.46| 93500 ~ 419.47|  0350.0( _ 266.48] 9350.00|  199.65|  §350.00 142.83
10 10350,00|  531.40f 103500  377.16| 10350.0]  22292) 10350.00| _ 181.17| 10350.00 139.43
1 11350.00| 488.20] 113500  341.36( 11350.0| 194.53| 11350.00] 16654 11350.00 136.55
aLis 12325.00)  453.63| 12325.0] 312.72| 123250 171.82| 12328.00|  153.03| 12326.00 134.24
12 1236000  452.85| 12350.0f  312.07| 123500 171.30] 12350.00| 15274 12350.00|  134.19
13 13350,00]  425.35] 13350.0] 289.20| 13350.0|  153.23] 13350.00| _ 14279 13350.00|  132.36
14 | 14350.00) 405.71| 14350.0] 273.02] 143500  140,32| 14350.00{  135.69] 14350.00 131.05
15 15350.00]  ~393.03| 15350.0  263.25| 15350.0[  132.58| 15350.00( - 13142 15350.00 130.26
112 16350.00]  390.00] 16350.0|  260.00] 46350.0|  130.00f 16350.00|  130.00| 16350.00| _ 130.00
2 i7350.00] 303.93| 17350.0] 263.26] 17350.0) 132.58| 17350.00|  131.42[ 17350.00 130.26
3 16350.00] 405.71| 18350.0] 273.02| 18350.0|  140.32| 18350.00|  135.69[ 18350.00 131,05
4 19350.00] 425.35| 19350.0] 280.20] 49350.0) 153.23| 19350.00]  142.79f 19350.00 132,36
5 20350.00]  452.850 20350.0|  312.07|  20350.0 171.30| 20350.00] 152.74] 20350.00] 134.19
- 20375.000  453.63| 20375.0| 31272 20375.0f 171.82| 20375.00( 153.03| 20375.00( 134.24
6 21350.00|  488.20] 21350.0] 341.36| 21380.0] 194.53| 21350.00f 165.54| 21350.00(  136.55
7 90360.00]  531.40] 22350,0| 37716 22350.0] 222.62| 22350.00f  181.17] 2235000|  139.43
8 23350.00| 58246 233500 419.47| 23350.0| 256.48| 23350.00]  199.85] 2335000 142.83
I 24350.00] 641.38| 24350.0] 468.20| =24350.0]  295.19] 24350.00|___ 220.98] 24350.00 146.76
- 2440000 644.53| 24400.0{  470.90| 24400.0| _ 207.27] 24400.00|  222.12] 24400.00] 146.97
i0 2535000~ 708.18]  26350.0| 523.61| 25350.0|  330.07] 25350.00]  24514] 25350.00 151.21
11 26350.00| 782.78| 28350.0] 585.45| 26350.0f  388.12| 26350.00| 27215/ 26350.00 156.19
12 2735000 865.27| 27350.0] 65379} 27350.0] 442.32] 27350.00( 302.00| 27350.00f 161.68
13| 28350.00{ 955.61] 28350.0]  728.65{ 283500| 501.69] 28350.00] 334.70| 28350.00f 18771
. 28425.00]  o62.70| 284250| 73452| 28425.0[ 506.35| 28425.00] 337,26 28425.00|  168.18
14 20350.00| 1053.80] 29350.0| 810.01] 29350.0| 566.21| 20350.00]  370.23| 20350.00|__ 174.25
14 3035000 1150.86) - 30350.0] 597.88| 30350.0{  635.91| 30350.00|  408.61| 30350.00| _ 181.32
16 31700.001 131548 31700.0|  1026.83] 31700.0|  738.18| 31700.00(  464.94| 31700.00 191.70
Support | 32450.00] 1408.14| 32450.0] 1103.60 32450.0|  709.06| 32450.00]  498.47| 32450.00 197.88
Anchorage| 32700.00] +440.00|  32700.0)  1130.00] 32700.0]  820.00[ 32700.00]  510.00] 32700.00]  200.00
TEN LE
0. g
1000 {°
500
0 - .

0 3000

6000

9000 12000

15000 18000

21000

24000

27000

30000 33000
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4, LOSS OF PRESTRESS

4.1 Loss of prestressing force Immsdlately (Instantanecus losses):
4.1.1 Friction botween Prestressing Tendon and Duck:

Formuta: A =1, (-6} (5052.2)
Xi: Length of tendon from the jacking end to any point under consideration
Sectlon Tenden no. 1 Tendon no. 2 Tendon no. 3 Tendon no.4 | Tendon no. 5 | SUM/S
X Yo Afe To Afpe So Afe To Afr To Moy | TAf e
- {mm) (rad) {MPa) | (rad} .| (MPa) rad) (MPa} | (rad) | (MPa) {rad) | (MPa)| (MPa)|.
Ancho. 0.00 0.0000 | 0.00 | 0.0000| 0.00 0.0000 0.00 [0.0000| 0.00 |0.0000| 0.00 [ 0.00
Support| 260.00 | 0.0027 | 1.09 | 0.0021| 0.90 0.0015 0.71 | 0.0010| 053 |00004| 0.34 | 071
s 427500 | _0.0488 | 19.40 | 0.0383 | 16.03 0.0278 12.65 | 0.0173| 9.26 |00068| 5.86 | 12.64
L/4 8300.00 | 01382 | 51.08 | 0.1084 | 41.74 | 0.0787 32.33 | 0.0489| 2286 |0.0192)13.31| 32.26
3L/8 | 12325.00| 0.2710 | 9513 | 0.2126 | 77.40 | 0.1543 | 59.42 | 0.0060 4116 [ 0.0376} 22,64 | 59.15
L/2 | 16350.00| 0.4471 | 150,19| 0.3508 | 122.14 | 0.2546 93.40 |0.1583| 6397 | 0.0621] 33.82] 92.70
4.1.2 Anchorage seating or Set:
Formula
Outline to calculation
_ [FGODL, foj
=
# Afp,,. ........................................................ —
af
of = 2orlm I e
L fx,| Y

X
O s = Af[l—L—]

Trong dé:
Lpa
E
AL
Lyr
M
Af

P

pA

fp

Effective length due to anchorage sel
Cable modulus of elasticity

Setling length

Tha length from anchorage to point that loss siress due 1o friction was known
The loss stress value at the point that the leng from anchorage ti it is Le
The loss stress value at Anchorage

Choice the length from anchorage to point that loss stress due to friction was known {LpF) and calculation follow:

Xi A Xi A
Tendon no.1 {mm) (MP2) Tendon no.2 (mm) (MP2)
LpF = 16350 0| 208.40 LpF = 16350 187.93
Afye = 150.19 250{ 203.81 A = 122.14] 250 184.20
LpA = 11343.5| 4275| 129.86 LpA = 12678.9|  4275] 124.06
Af = 208.40| 8300| 55.92 Af= 187.93| 8300 _ 63.93
12325 0.00 12325 3.79
16350 0.00 16350 0.00
Xi M, Xi M)
Tendon no.3 (mm) (MPa Tendon no.4 (mm) (MPa)
LpF = 16350 0| 164.35 LpF = 16350 0] 127.93
Afe = 9340  250{ 161.49 Afe = 63.97| 250| 125.98
LpA = 14384.3]  4275| 115.50 LpA = 16350.0| 4275 94.48
Af = 164.35| 8300| 69.52 Af = 127.93| 8300 62.99
12325 23.53 12325 3149
16350 0.00 16350 0.00
X Afpa
Tendon no.5 (mm) (MPa)
LpF = 16350 0| §67.63
Afyr = 33.82 260 66.60
LpA = 16350.0] 4275 4995
Af = 67.63)| 8300| 33.30
12325 16.65
16350 0.00
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4.,1.3 Elastlc deformation of concrete: N -1 EP

Formula - 5.9.5.2.3b-1

In which: Y s = IN E. S )
Number of tendon “N= 5.00 {Tendon)
Cable medulus of elasticily Ep= 197000.0 MPa
Concrete strength at transfer fo= 40.50 MPa
Unit weight of concrete Yo =  2450.00 kg/m3
Concrete modulus of elasticity at transfer Eq= 331853 MPa

Total stress of concrete in the Tendon centroid {f.,,) due to prestressing force and self weigh of girder -

” 2
£ L Mye

Jea 4 Iy I
Compression force due lo prelressing consider loss stress: | F, = N, *A, - ASI(ALg + Afy) |
A Area of girder cross section
ix Inertia Moment of Girder cross section
e Distance from tendon centroid to neutral line of girder section
Mpe Maximum moment due to seif weigh of girder at jacking

Total loss stress due to friction and Anchorage:
Tendon1| Tendon?2 Tendon3 Tendond | Tendon5| SUM | = ZF|

Xi

Section AFPF AT AP 48] AMpF+afn| AfpF+afy, | AfPF+AL, KATDF+ATA)
{mm) | (MPa) | (MPa) | {(MPa) | (MPa) {MPa} | {MPa)| (kN)
Anchorage o 208.40 | 187.93 | 164.35 | 127.93 67.63 | 756.25 | 8518.43
Support 250 204.90 | 185.10 | 162.20 | 126.50 66.93 | 745.64 | 8534.13
Lig | 42718 149.26 | 140.08 | 12815 | 103.74 55.81 | 577.05 | 8783.73
L4 8300 106.99 | 105.67 | 101.85 85.85 46,61 | 446.97 | 8976.32
3Lis 12326 | 9543 | 8120 | 82.94 72.68 39.28 [ av1.22 | 9088.46
Li2 16350 [ 15019 | 122.14 | 93.40 63.97 33.82 | 463.51 | 8951.83

Loss stress due to Elastic deformation of concrate

Section Xi R A x | e Moe fn | Afes
{mm} (ki) | (mm2) | {mm4) {mm) kNm {MPa) | (MPa}
Anchorags| _ © 8518.43 [ 1.2E406 [ 27E+11} 39,52 0.00 7.26 | 17.23
 Support 250 | 853413 1.2E+06 | 2.7E+11| 3952 | 0.0 7.27 | 17.28
L/8 4275 8783.73| 8.4E+05 | 24E+11| 291.63 1151.35 | 1212 28.79
174 8300 8976.32| 7.2E+05 | 2.3E+11 470.62 1973.74 | 17.04 40.47
L8 12325 |9088.46) 7.2E+05 | 2.3E+11 581.89 2467.17 | 19.711 46.80
Li2 16350 | 8951.83{ 7.2E+05 | 2.3E+11 618.98 2631.65 | 20.20- 47.98-
Total loss of prestressing force immediately - Remaining prestressing force:
Tendon1 Xi AMpe Afop Afes TA ' (c) | FI*Costa) | Fi'*Sinfa}
Section {(mm) | (MPa) | (MPa) [ (MPa} (MPa) (kN) (rad) {kN) {kN)
anchorage 0 0.00 | 208.40 | 17.23 | 22563 | 1593.57 | 0.1744 [1569.41 [276.45

Support | 250 | 1.09 | 203.81 | 17.26 | 222.16 | 1598.70 | 0.1717 [1675.18_|273.22°
L/8 4275 | 19.40 | 129.86 | 28.79 | 178.05 | 1664.01 | 0.1294 |1650.11 |214.66
) 8300 | 51.08 | 65.92 | 40.47 | 147.46 | 1709.29 | 0.08651702.90 |147.69

38| 12325 | 9513 | 0.00 | 46.80 | 141.93 | 1717.48 [ 0.0433|1715.87_|74.41
U2 16350 | 150.19| 0.00 [ 47.98 | 198.17 | 1634.23 | 0.0000|1634.33 [0.00

Tendon2|  Xi My | Bha | Afes TA Fr (@ | F-Coste) | FP-Sin(a)
Section (mm) | (MPa}{ (MPa} | (MPa) {MPa} {kN) (rad) {kN) (kN)
ancharage] 0 0.00 | 187.93 | 16.15 | 204.08 | 1625.46 | 0.1374[1610.15 [222.57
Support | 250 | 0.0 | 184.20 | 6.18 | 201.28 | 1629.61 | 0.1353|1614.72 |219.78
Us 4275 | 16.03 | 124.06 | 26.99 | 167.08 | 1680.25 | 0.1017 [1671.56 |170.64
/4 8300 | 41.74 | 63.93 | 37.94 | 14361 | 1715.00 [ 0.0680[1711.04 [116.45

3L/8 12325 | 77.40 | 379 | 43.88 | 12507 | 1742.44 | 0.0340|1741.43 [59.26

Lj2 16350 | 122.14| 0.00 | 44.98 | 167.12 | 1680.20 | 0.0000]|1680.20 |0.00

Tendon3 Xi Afyr Afy Afeg A F° (o) | Fi*Costw) { Fi*Sin{a)
Section {mm} (MPa) | (MPa) | {MPa) {MPa) {kN) (rad) (kN) (kN)
anchorage] 0 0.00 |164.35| 14.36 | 178.70 | 1663.04 [ 0.1000(1654.74 [165.98
Support | 250 | 0.71 | 161.49 | 14.38_| 176.50 | 1666.17 | 0.0985{1658.11 [163.77
L/8 4275 | 12.65 | 115.50 | 23.99 | 152,44 | 1702.36 | 0.0739{1697.71 [125.76
L/4 8300 | 32.33 | 69.52 | 33.72 | 13557 | 1726.89 | 0.0493]1724.79 _|85.18

3L/8 12325 | 59.42 | 23.53 | 39.00 | 121.94 | 1747.07 | 0.0247 [1746.54 [43.13
L/2 16350 | 93.40 | 0.00 | 39.98 | 133.38 | 1730.14 { 0.0000{1730.14 [0.00

Tendond Xi Ay Al Aes A R (o) | Fi*Cosfa) | Fi**Sinfa)
Section {mm} (MPa) | (MPa) | (MPa) {MPa) [N} {rad) {kiN) {kN)
anchorage| 0 0.00 | 127.83| 10.77 | 138.70_| 1722.26 | 0.0623 [1718.92 |107.24 _
Support 250 | 053 | 125.98 | 10.79 137.29 | 1724.35 | 0.0644[1721.11 |105.73
— s 2275 | 026 | 94.48 | 17.99 | 12174 | 1747.38 | 0.0460|1746.53 |80.42
/4 8300 22.86 | 62.99 25.29 111.14 | 1763.07 | 0.0307 |1762.24 [54.13

T 3L/8 | 12325 | 41.16 | 31.49 | 29.25 | 101.91 | 1776.74 | 0.0154 [1776.53 |27.28
L2 16350 | 63.97 | 0.00 | 29.99 | 03.95 | 1768.51 | 0.0000[1788.51 [0.00
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4.2, Loss of prestressing force at service stage {time - dependent fosses):
4.2.1 Loss of prestress due to Shrinkage:

Formula: Afpgy = (93 - 0.85H)
Retative humidity of environment H= 80.00 %
|Afpgy = 25.00 (MPa) |
4.2.2 Loss of prestress due to Craep:
Formula Mpep = 120, - 7.0 * Afyyy
In which:

fogn Stross in concrete at tendons centroid (f.,,} due to prestressing tendon

and self weigh of girder
My, Stess at tendons centroid changes due to permanent load,
excepf dead load action at transfer

xi Interior Girder Exterior Girder

" Saction ' fegp Mup | Afper AMedp Afper

{m) (MPa) | (MPa) [ (MPa} (MPa) {MPa)

Support 0.00 7.27 0,00 87.23 0,00 87.23
L/8 4.03 1212 [ 090 | 13947 1.7 133.52
Li4 8.05 17.04 [ 510 | 168.78 | 466 171.92
/8 | 12.08 18.71 5.47 | 198.20 6.99 187.55
L/2 16.10 | 20.20 | 8.67 | 181.80 7.88 187.32

4.2.3 Loss of prestress due to Relaxation:

(a) At transfer: L
og(24t)| §
Formula: Moy = —%ﬁm)[?"—i- —0.55]pr
|2
In which:
t : time esltimated in days from stressing to transfer t= 0.00 days

foy : Specified yeild strength of prestressing steel f, = 1674.00 (MPa)
fpj : Initial stress in the tendon at the end of stressing

Xi fpj Afpay
{m) {MPa) (MPa)
Support| 0.00 [1284.74 0.00
L/8 4.03 [1273.21 0.00
b4 8.05 |1261.53] 0.00
3L/8 12.08 |1255.20 0.00
L2 16,10 | 1254.02 0.00

Section

(b) After Transfer:
Formula: Afpge = 30%*(138 - 0.3 Afpg - 0.4 Afgg - 0.2 {Afpgy + Afper))

Interfor Girder
Section Xi Afgr s Afpgy Afpen | Apgre
(m) {MPa} { (MPa) (MPa) {(MPa) | (MPa}
Support | 0.00 0.71 17.26 25.00 1745 | 36.72
L/8 4.03 1264 1 2879 | 2500 | 27.83 | 33.64
L4 [ 8.05 | 32.26 | 40.47 25.00 3376 [ 30.11
38 59.15 1 46.80 25.00 39.64 | 26.58
L/2 16.10 | 92.70 | 47.98 25.00 36.36 | 23.62

Tendons| - Xi Me A Mg A Fr (o) | Fi™Costa) | F*Ginfa)
Section | (mm) | (MPa)} (MPa) | (MPa) | (MPa) (kN) | (rad) | (ki) (kN
anchoragel 0 | 0.00 [ B7.63 | 0.00 67.63 | 1827.48 | 0.0245|1826.94 |44.70
Support | 250 | 0.34 | 66.60 | 0.00 66.93 | 1828.52 | 0.0241|1827.99 |44.04
L8 4275 5.86 | 49.95 | 0.00 55.81 | 1844.98 | 0.0181)1844.68 [33.33
Li4 | 8300 13.31 | 3330 | 000 | 46.61 | 1858.61 | 0.01201858.47 |22,39
38 | 12325 | 22,64 | 1665 | 000 | 39.29 | 1869.44 | 0.0060 1869.41 111.26
L/2 16350 | 33.82 | 0.00 0.00 33.82 | 1877.55 [ 0.0000)1877.55 }0.60
SUM 1to5 Xi ZF; | Fi'Cos{a)| Fj*Sin(a) Seap M, = EFCos(u) 0y,
Section {mm) {kN} {kN} {kN) (mm) {kNm)
anchorage 0 8431.82| 8380.15| 816.92| 39.52 331.15
Support 250 18447.36| 8397.11|_806.55| 39.52 331.82
s | 4275 |8638.98] 8609.58| 624.82| 291.63 2510.81
L[4 | 8300 |8772.86| 8759.44] 425.83| 470.62 4122.41
_ 38 | 12325 |(8853.17]8840.78{ 215.33| 581.89 5149.62
L2 16350 |8710.62| 8710.62 0.00| 618.98 5391.71

Paga 13,



Exterlor Girder
Section Xi Ay Afes Afpgy Afpcr | AMfppe
imy | pay | Pay | (MPa) | (MPa) | (MPa)
Sipport | 0.00 | 071 | 17.26 | 2500 | 1745 | 3672
L8 | 403 | 1264 | 2879 | 2500 | 26.70 | 33.71
L/4 8.05 32.26 | 40.47 25.00 34.38 | 30.08
3L/8 | 12.08 | 59.16 | 46.80 25.00 37.51 26.71

L/2 16.10 | 92.70 | 47.98 25.00 37.46 | 23.55

TOTAL L.OSS STRESS AT SERVICE STAGE

interior Glrder
Setion Xi Apgy | Aper | Afpag Afpge Sum
{m} | {MPa) | (MPa) {MPa) {MPa) | (MPa)
Support { 0.00 | 2500 | 87.23 0.00 36.72 {14894
L/8 4.03 | 2500 ) 139.17 0.00 33.64 [197.91
L4 8.05 | 25.00 | 168.78 0.00 3011 | 223.90
3L/8 12.08 [ 25.00 | 198.20 0.00 26.58 |249.78

/2 | 16.40°| 2500 | 181.80 | 0.00 2362 | 230,42

Exterior Girder
Section | Xi AMpgy | Afpcr Afpg, Afppg Sum
{m} (MPa} | (MPa) {MPa) (MPa) [ (MPa)
_Support | 0.00 25.00 | 87.23 0.00 36.72 [148.94
L/8 4.03 25.00 t 133.52 0.00 33.71 (18222
L/4 8.05 25.00 | 171.92 0.00 30.08 | 227.00
3L/8 12.08 | 25.00 | 187.55 0.00 26.71 | 239.26
Li2 16.10 | 25.00 | 187.32 0.00 2355 |235.87

4.3, Total Prastressing force consider loss in the servica stage:
interlor Girder

Tendont| Xi Thy F {cr) Fj"*Cos{a) | Fi™*Sin(a)
Section | (mm) | (MPa) (kN) {rad) {kN) {kN)
“Support | 0.00 | 371.10 [1378.19| 0.1717 | 1357.92 | 235.54
L/8 4.03 | 375.86 | 1371.16| 0.1204 | 1359.70 | 176.88
L/4 8.05 | 371.36 [1377.861| 0.0865 | 1372.66 [ 119.05
3L/8 | 12.08 | 391.71 | 1347.68| 0.0433 | 1346.41 | 58.39
L2 16.10 | 428.58 | 1203.08{ 0.0000 | 1283.09 | 0.00

Tendon2j Xi P F,‘ (o) Fi*Cos{e) | Fi*Sin(e)
Section | {(mm) | (MPa) (kN}) (rad) (kN) {kN}
Support | 0.00 [ 350.23 | 1409.10| 0.1374 | 1395.83 | 192.94
s 4.03 | 364.80 [1387.398| 0.1353 | 1374.72 ) 187.12
L/4 8.05 | 367.51 [1383.52] 0.1017 | 1376.36 | 140.51
3./8 12.08 | 374.85 | 1372.64| 0.0680 | 1369.47 | 93.20
112 16.10 | 397.53 [1339.06| 0.0340 | 1338.29 | 45.54

Tendon3| Xi ZhAgr F {a) Fi**Cos(e) | Fi™Sinfa)
Section | (mm} | (MPa) | (kN} {rad) (kN} {kN)
Support | _0.00 | 327.65 | 1442.53| 0.0985 | 1435.85 | 141.79

L/8 4.03 | 374.39 |1373.32| _0.0739 | 1369.57 | 101.46
L/4 8.05 | 376.04 | 1370.88( 0.0493 | 1369.21 | 87.62
L8 12.08 | 385.36 | 1357.09| 0.0247 | 1356.68 | 33.50
L/2 16.10 | 352.36 | 1405.94] 0.0000 | 1405.94 | 0.00

Tendond| Xi ZAy K (@) Fi*Cos(c) | Fj**Sin{u}
Section | {(mm) | {MPa) | (kN) {rad}) {kN) (kN}
Support | 0.00 | 287.65 | 1501.75( 0.0614 | 1498.93 | 92.08

L/8 | 4.03 | 33510 | 143150 0.0460 | 1429.98 | 65.88

L4 8.05 | 345.64 | 1415.90| 0.0307 | 1415.23 | 43.47
378 | 12.08 | 360.92 | 1393.27| 0.0154 | 1393.10 | 21.40
L2 16.10 | 332.33 { 1435.60| 0.0000 | 143560 | 0.00
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Exterior G

Tendon5| Xi EhAr F’ {er) FP*Cos(c} | FI*Sin(ce)
Section | (mm) [ (MPa) {kN}) {rad) (kN) {kN)
Support |_0.00 | 216.57 | 1606.97| 0.0241 | 1606.51 | 38.70
us 4,03 | 264.74 | 1536.66| 0.0181 | 1535.41 | 27.74
L4 8.05 | 279.71 | 1513.50| 00120 | 151339 | 18.23
308 | 12.08 | 296.39 | 1488.80] 0.0060 | 1488.78 | 8.97
L2 16,10 | 269.71 | 1528.31| 0.0000 | 1528.31 | 0.00
SUM1to5|  Xi ZF) | FirCoste) | Vo=FI'Sin{u)|  @cape | M= IFCos{a)e.,
Section | {mm) {kN) (kN) {kN} {m) {KNm)
“Supporl |_0.00 |7338.55{ 7204.73| 701.05)__0.04 | 2883 _ _
L8 4.03 | 7099.03| 7069.38 559.08| 90.29 |2061.6
U4 8.05 |7061.671| 7046.86| 388.87| 0.47 |33164
3/ | 12.08 |6950.48| 6954.44| 21545 0.56 | 40487
Li2 16.10 | 7002.00] 7001.23 4554 0.62 | 43336
Irder
Tendon1| X TAur F {e) Fj"*Cos{a} [ F"Sin{e)
Section | (mm) [ (MPa} | (ki) {rad) (KN} {kN)
Support | 0.00 | 371.10 | 1378.19| 0.1717 | 1357.92 | 235.564
s 403 | 370.27 [ 1379.43] 0.1294 | 1367.90 | 177.95
L/4 8.05 | 374.46 | 1373.22| 0.0865 | 1368.09 | 118.65
3L/8 12,08 | 381.19 | 1363.25] 0.0433 | 1361.97 | 59.06
L2 16.10 | 434.04 | 1285.021 0.0000 | 1285.02 | 0.00
Tendon2| Xi ThAgr A ) Fir*Cos{a) | Fj*Sin{a)]
Section | (mm) | {(MPa) {kN} {rad} {kN) (kN)
“Support | 0.00 | 350.23 [ 1409.10] 0.1374 | 1395.83 [ 192.94
L/8 4.03 | 359.30 | 1395.66| 0.1353 | 1382.91 | 188.23
L4 8.05 | 370.61 | 1378.92| 0.1017 | 4371.79 | 140.04
3L/8 12.08 | 364.33 [ 1388.21( 0.0680 | 1385.01 | 94.26
.72 16.10 | 402.98 | 1330.98] 0.0340 | 1330.22 | 45.27
Tendon3!| Xi g F’ (ot} FCos{a) | Fi**Sin(a)
Section | (mm) | (MPa) | (kN) {rad) (kN) (kN)
Support | 0.00 | 327.65 | 1442.53| 0.0985 | 1435.56 [ 141.79
L/8 4,03 | 368.81 {1381.59| 0.073% | 1377.81 | 102.07
Li4 8.05 | 379.14 { 1366.22| 0.0493 | 1364.63 | 67.39
318 [ 12.08 | 374.84 [1372.67| 0.0247 ] 1372.25 | 33.88
L/2 16,10 | 357.81 [ 1397.87| 0.0000 | 1397.87 | 0.00
Tendond| Xi LAy F (o) Fj *Cos(a) | Fj**Sinta)
Section | {mm) [ (MPa) (kM) (rad) (kN) (kN}
Support | 0.00 | 287.65 | 1501.75| 0.0614 | 1498.93 | 92.08
L/8 | 403 | 329.51[1439.77|_0.0460 | 1438.24 | 66.26
L4 8.05 | 348.74 | 1411.30| 0.0307 | 1410.64 | 43.33
38 | 12.08 | 350.40 {1406.84| 0.0154 | 1408.68 | 21.63
L/2 16.10 | 337.78 [ 142753} 0.0000 | 1427.53 | 0.00
Tendon5|  Xi EAyr g (@) | Fi"Costo) |Fi"Sin(a)
Section | (mm) | (MPa) | {kN} (rad} {kN} {kN)
Suppeort | 0.00 | 216.57 | 1606.97| 0.0241 | 1606.51 | 38.70
L8 4,03 | 259.16 | 1543.93] 0.0181 | 1543.68 | 27.89
L/4 8.05 | 282.81|1508.21] 0.0120 | 1508.80 | 18.17
3/8 | 12.08 | 285.87 | 1604.38| 0.0060 | 1504.35 9.08
L2 16.10 | 275.16 [ 1520.24| 0.0000 | 1520.24 | 0.00
SUM1tos| Xi EF; | FiCos(u) |Vp=FI'Sin(a)| ey M, = ZFCoS{u)"eup
Section | {mm) (kN) (k) {kN) {m) (kNm)
“Support | 0.00 {7338.55} 7294.73] 701,05 0.04 | 2883
L8 4,03 {7140.37| 7110.54 562.41 0.29 2073.6
L 8.05 |7038.65| 7023.95 387.59] 047 3305.6
38 12.08 | 7037.36| 7032.26 217.80] 0.58 A092.0
L2 16.10 | 6961.66] 6260.89 45.27| 0.62 4308.7
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5. FIBRE STRESS CHECK:

Formula:
Top fibre: [, = ————+——— Bottomfibre f, = — + it — —F&
P i A S: s, fb A S . s,
Note (+): Compression tresses ; ({-) Tension stresses
Concrete strength at transfer fe' =0.9fc= 40.50 MPa
Comprresion stress Limit at transfer 0.6 foi' = 24.30 MPa
Tension stiess Limit at transfer  0.25 SQRT(fei’) < 1.38 = -1.38 MPa (694121 T
Setion| Xi A st Sb | Fi*Cos{e) 8 Mpe i fo Kiém tra
{mm) | {mm2) (mm3}) {mm3) (kN} {mm) {(kNm}) | (MPa} | (MPa) fy for
irder en 0 1.18E+06| 3.39E+08 | 3.26E+08| 8380.15 | 39.52 | 0.00 6.11 8.11 OK OK
Suppor| 250 |1.18E+06| 3.39E+08|3.26E+08| 8397.11 | 3962 | 000 | 612 | 812 OK OK
L/8 4275 | 8.42E+05] 2.98E+08 ] 2.92E+08( 8609.58 | 291.63 | 1151.35( 5.67 | 14.88 OK OK
L/4 8300 | 7.19E+05| 2.82E+08 | 2.81 E+08| 8759.44 | 470,62 | 1973.74| 456 | 19.83 oK OK
3L/8 | 12326 | 7.19E+05| 2.82E+08 | 2.81E+08| 8349.78 [ 581.80 [ 2467.17 | 279 ( 21.86 oK OK
L/2 | 16350 | 7.19E+05] 2.82E+08 | 2.81E+08| 8710.62 | 618.98 | 2631.65| 2.32 21.95 OK oK
5.2 Stress check during contruction the deck:
§.2.1 Increase load:
Exterior Diaphragms beam DCyn = 49.73 (kN)
Interior Diaphragms beam DCyum = 35.16 (kN)
Precast plank DCy = 3.55 (kN/m)
Wet concrete of deck DCpye = 13.32 (kN/m)
5.2.2 Stress check:
Compression strength of concrete fc= 45.00 MPa
Compression stress limit 045fc= 20.25 MPa (5.9.4.2.1-1)
Tension stress limit 0.5 SQRT(fc) = -3.35 MPa {5.9.4.2.2-1)
Setion| Xi A St Sh Fi e Mpc fy i Kiém tra
{(mm) | (mm2) {mm3} (mm3) (kN) {mm} {kNm) | (MPa) | (MPa) fy for
pirderen 0 1.18E+06| 3.39E+08 | 3.26E+08| 8380.15 | 39.52 0.00 611 | &M oK OK
Suppor] 250 |1.18E+08| 3.30E+08 | 3.26E+08 8397.11 39.52 000 | 612 8.12 OK OK
L/8 4275 | 8.42E+05| 2.98E+08 | 2.02E+08| 8609.58 | 291.63 | 2924.99 | 11.62 8.81 | OK. oK
L/4 8300 |7.19E+05| 2.82E+08 | 2.81E+08| 8759.44 | 470,62 | 3719.72 | 10.75 13.61 oK oK
aL/8 | 12325 | 7.19E+05| 2.82E+08 | 2.81E+08| 8849.78 | 581.80 | 4649.65| 10.563 | 14.08 OK OK
L/2 | 16350 | 7.19E+05| 2.82E+08 | 2.81E+08| 8710.62 | 618.88 | 4059.62 | 10.58 13.65 OK oK
5.3 Stress check at the top fibre of Girder - Service state :
5.3.1 Due to prestressing tendon and self weigh of girder - Service limit state I
Compression Stress Limit: 045 fc= 20.25 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa
f :P])e_Ppeec+Mg+MS+MSDL
f
A S hy Y
Interior Girder d d 5
Setion Xi A S, Sg Ppe Ppe'oc | Mg+ M| Mg fi_ |Check
{mm} | (mm2) {mm3) {(mm3) (kN) {kNm) {kNm) { (kNm) | (MPa) fi
Support] 250 |[1.18E+06| 3.39E+08| 1.03E+09| 7294.73 288.26 0.00 0.00 5.321 OK
L/8 4275 | 8.42E+05| 2.98E+08| 1.05E+09] 7069.38| 2061.64 2169.83( 520.61 9.256 OK
/4 | 8300 |7.19E+05| 2.82E+08| 1.07E+09{ 7046.86| 3316.42| 3710.72| 892.48| 12.057| OK
3L/8 | 12325 | 7.19E+05] 2.82E+08| 1.07E+09 6954,44| 4046.73 4649.65| 1115.60| 12.845 OK
L/2 | 16350 | 7.10E+05| 2.82E+08} 1.07E+09| 7001.23| 4333.63) 4952.62| 1189.97] 13.061 OK
Exterior Girder
Setion Xi A Sl B Slg '-:’pg Pp;ec Mg + Ms MSDL ft Check B
(mm} | (mm2) {mm3) {mm3) (kN) (kNm) (kNm) | (kNm) | (MPa) fi
Supporl| 250 |1.18E+06| 3.39E+08 1.03E+09] 7204.73 288.26 0.00 0.00 5.321 OK
L/8 4275 | 8.42E+05| 2.98E+08| 1.05E-+09| 7110.54| 2073.64| 2038.17 523.73 8.827 QK
L/4 8300 | 7.19E+05| 2.82E+08| 1.07E+09| 7023.95| 3305.64: 3494.01 897.82{ 11.270 QK
_3L/8 | 12325 | 7.19E+05| 2.82E+08 1.07E+09| 7032.26| 4092.02| 4367.51| 1122.28{ 11.800 OK
L/2 | 18350 | 7.10E+05| 2.82E+08| 1.07E+09| 6960.80] 4308.66] 4658.67| 1197.10[ 12.034 OK
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5.3.2 Dus to 1/2 {Prestressing tendon + self weigh of girder) and Live load - Service limit state I:

Compression Stress Limit: 040fc= 18.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.65"SQRT(fc) = -3.35 MPa
;=0 5[& — P + M, +M, + Mm.&]+ M,
=0,
A S S hy S,
Interior Girder ! ! i s

Xi A St S[g B Ppﬂ Pp;ec Mg + M5 .,.M.SDL Mu_ f|

Selion |-y | mmzy | w3y | Gom®) | k) | genm) | Nm) | (kN | Gknm) | (oapa)”

Support] 260 | 1.18E+06| 3.39E+08| 1,03E+09| 7204.73 288.26 0.00 0.00 0.00] 2.660] OK
L/8 | 4275 |8.42E+05| 2.98E+08| 1.056E+09] 7069.38| 2061.64| 2169.83| 520.61| 1319.41] ~ 5880 OK
L/4 | 8300 |7.19E+05| 2.82E+08| 1.07E+00| 7046.86| 3316.42| 3719.72| 892.48| 2231.82| 8.107| OK
3L/8 | 12325 | 7.19E+05| 2.82E+08| 1.07E+08| 6954.44| 4046.73| 4649.65| 1115.60| 2754.34 8.987 OK
L/2 | 16350 | 7.19E+05] 2.82E+08| 1.07£+09| 7001.23| 4333.63] 4959.62( 1189.97| 2904.08 9.234] OK

Exterior Girder
Setion Xi A S | Sy Ppe Poe'ec | Mgt Mg | MspL M | h Check
{mm) | {mm2) (mm3) (mm3} {kN} {kNm) {(kNm) | (kNm) | (kNm) | (MPa) f;

Suppor 250 | 1181984.6( 3.39E+08| 1.03E+09| 7204.73 288.26 0.00 0.00 0.00 2660 OK
L/8 4275 | 841615.0] 2.98E+08( 1.05E+09( 7110.54] 2073.64| 2038.17] 523.73| 1553.33 5889 OK
L/4 8300 | 719350.0} 2.82E+08| 1.07E+09] 7023.95| 3305.64]| 3494.01} 897.82| 2627.50 8.0856| OK
3L/8 | 12325 | 719360.0f 2.82E+08| 1.07E+09{ 7032.26| 4092.02| 4367.51} 1122.28| 324266 8.924] OK
L2 | 16350 | 719350.0f 2.82E+08| 1.07E+09| 6960.89| 4308.66| 4658.67] 1197.10| 3418.94 9.206| OK
5.3.3 Due to prestressing tendon + self weigh of girder + live load - Service limit state 1:

Compression Stress Limit: 0.60 fc = 27.00 MPa (65.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa
f= b Bk +Mg +M, +MSDL + M,
f
AS s 8 ) S,
Interior Girder
Setion |- A S Sy Ppo Ppe'ec § Mg+ M| Msn, My, fi  |Check
{(mm) § {mm2) {mm3) {mm3}) (kN) (kNm}) (kNm) | (kNm) | (kNm) | (MPa) f;

Support 250 | 1.18E+06| 3.39E+08] 1.03E+09} 7294.73 288.28] - 0.00 0.00 0.00 5.321 OK
L/8 4275 | 8.42E+05| 2.98E+08| 1.05E+09} 7069.38] 2061.64] 2169.83| 520.61| 1319.41 10,608 - OK
L/4 8300 | 7.19E+05| 2.82E+08| 1.07E+Q09} 7046.86] 3316.42{ 3719.72| 892.48| 2231.82 14136 OK
3L/8 | 12325 | 7.19E+05] 2.82E+08| 1.07E+08| 6954.44] 4046.73| 4649.65]| 1115.60| 2754.34 16409 OK
L/2 | 16350 | 7.19E+05] 2.82E+08| 1.07E+09| 7001.23] 4333.63( 4959.62| 1189.97| 2904.08 15.765] OK

Exterior Girder
Setion VAL A St Sy Pre Ppe'@c | Mg+ M| Msp M fi Check
{mm} | (mm2) {rm3) {mm3) (kN) {kNm) {(kNm) | (kNm} | (kNm} | (MPa) f;

Supporf 250 {1.18E+06| 3.39E+08] 1.03E-+09| 7294.73 288.26 0.00 0.00 0.00 5.321 OK
/8 | 4275 |8.42E+05| 2.98E+08| 1.05E+09| 7110.54| 2073.64| 2038.17| 523.73| 1853.33| 10.303] OK
L/4 8300 | 7.19E+05| 2.82E+08| 1.07E+09| 7023.95] 330564( 3494.01| 897.82) 2627.50 13.720| OK
3L/8 | 12325 | 7.19E+05] 2.82E+08| 1.07E+09| 7032.26| 4092.02( 4367.51| 1122.28| 3242.66 14.824] OK
L/2 ) 16350 | 7.19E+05] 2.82E+08| 1.07E+09] 6960.89] 4308.66| 4658.67] 1197.10] 3418.94 15.223] OK

5.4 Stress check at the top fibre of deck - Service state:
5.4.1 Due to additional load (dead load part 2) - Service limit state 1:

Compression Stress Limit: 0.45fc= 15.75 MPa (5.9.4.2.1-1)
f = M SDL
S,
Setion Xi MSDL (kNm) S (mm3) f,(MPa) Check
{(mm) | in.Girder | Ex.Girder{ in.Girder | Ex.Girder | in.Girder {Ex.Girden in.Girder {Ex.Girder

Suppor| __ 250.00 0.00 0.00] 6.4E+08|6.43E+08|  0.000] 0.000] OK OK

L/8 4275.00 520.61 523.73| 6.3E+08| 6.32E+08 0.823] 0.829| OK OK

L/4 8300.00 802.48 897.82 6.3E+08| 6.3E+08 1416 1.425] OK oK
3L/8 | 12326.00) 1115.60| 1122,28| 6.3E+08| 6.3E+08 1.769] 1.782| OK OK

L/2 | 16350.00] 1189.97| 1197.10] 6.3E+08| 6.3E+08 1.887{ 1.800] OK OK
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54.2 Due to additional load (dead load part 2} and live load - Service limit state I:

Compression Stress Limit: 06fc= 21.00 MPa {5.9.4.2.1-1)
£ = Mgy, + My,
ic S":
Setion | Xi__| MSDL +MLL (kNm) Sy (mm3) fL(MPa) Check
{mm) in.Girder | Ex.Girder| in.Girder | Ex.Girder{ in.Girder |Ex.Girder] in.Girder| Ex.Girder
Supporl  250.00]  0.00 0.00] 6.4E+08|6,43E+08]  0.000[ 0.000[  OK OK
L/8 4275.00f 1840.02f 2077.06( 6.3E+08]| 6.32E+08 2,009 3.288 oK OK..
/4 | 8300.00| 3124.30] 352532| 6.3E+08| 6.3E+08|  4.953| 5.506| OK OK
3L/8 | 12325,00| 3860.94) 4364.93| 6.3E+08{ 6.3E+08| 6135 6.929] OK | OK
L/2 | 16350.00] 4094.05] 4616.03| 6.3E+08] 6.3E+08 6.491 7.328 OK OK
5.5 Stress check at the bottom fibre of girder - Service !l {stage Ill}:
Compression Stress Limit: 045fc= 20.25 MPa {5.9.4.2.1-1)
Tension Stress Limit: - 0.5*"SQRT{fc) = -3.35 MPa (5.9.4.2.1-1)

o P _M3+Ms__M.s'm,+Mr_1.

fb I + pe-c
A S, S, S,

Interior Girder “

Xi A S, Spe Pre Pue'e, | Mg+ Mg | Msp ML fy Check

(mm) | (mm2) | (mm3) | (mm3) | (N) | (kNm) | (kNm) | (kNm) | (km) | (MPa) s

Setion

Supporl] 250 |1.18E+06| 3.26E+08| 5,04E+08} 7294.73| 288.26 0.00 0.00 0.00 7.066| OK

L/8 | 4275 |8.42E+05| 2.92E+08| 4.30E+08| 7069.38| 2061.64| 2169.83| 520.61| 1319.41 43621 OK

L/i4 | 8300 |7.19E+05| 2.81E+08| 4.00E+08| 7046.86| 3316.42| 3719.72| 892.48| 2231.82 1.663] OK

3L/8 {12326 | 7.19E+05| 2,81E+08| 4.00E+08| 6954.44| 4046.73| 4649.65| 1115.60( 2754.34 -0.780] OK

L2 | 16350 | 7.19E+05| 2.81E+08| 4,00E+08| 7001.23} 4333.63| 4959.62| 1189.87| 2904.08 -1.283} OK

Exterior Girder

Xi A S, §bc F‘pe' Ppe*ec M, + M; MspL My T Check
{mm) | (mm2) {mm3) {rmm3) (kN) (kNm) (kNm) | (kNm) | (kNm) | {(MPa} fy

Setion

Suppory 250 |1.18E+06| 3.26E+08| 5.04E+08| 7294.73| 288.26| 0.00 0.00 0.00 7.066] OK

Lis | 4275 | 8.42E+05| 2.92E+08| 4.30E+08| 7110.54| 2073.64| 2038.17] 523.73| 1553.33 4459 OK

L/4 8300 | 7.19E+05| 2.81E+08| 4.00E+08| 7023.95| 3305.64| 3494.01| 897.82| 2627.50 1.680] OK

- 3L/8 112325 { 7.19E+05| 2.81E+08] 4.00E+08| 703226 4092.02| 4367.51| 1122.28] 3242.66 -0.5011 OK
L/2 | 16350 | 7.19E+05| 2.81E+08| 4.00E+08| 6960.89| 4308.66] 4658.67| 1197.10| 3418.94 -1.405] OK

5.6 Stress check at the hottom fibre of girder - Service | (Stage Hll):

Compression Stress Limit: 0.45fc= 20.25 MPa {5.9.4.2.1-1}
Tension Stress Limit: - 0.5*SQRT{fc) = -3.35 MPa (5.9.4.2.1-1)
£, = Ppe +Ppeec _Mg + M, _MSDL +M,,
=
A S, S, S

Interior Girder

Xi A Sy Spe Ppe PPB*BG Mg + M, Mg My fy Check
(mm) | {mm2) (mm3) {mm3) (kN) {kNm) {kNm) | (kNm) | (kNm) | (MPa) fy

Setion

Support] 250 |1.18E+06]| 3.26E+08 | 5.04E+08} 7204.73 | 288.26 0.00 0.00 0.00 7.06 OK

L/8 4275 |8.42E+05| 2.82E+08 | 4.30E+08| 7069.38 | 2061.64 | 2169.83 | 520,61 | 1319.41 3.75 OK

L/4 8300 |7.19E+05| 2.81E+08 | 4.00E+08| 7046.86 | 3316.42 | 3719.72 | 892.48 | 2231.82 [ 0.55 OK

3L/8 | 12325 | 7.19E+05| 2,81E-+08 | 4.00E+08| 6954.44 | 4046.73 | 4649.65 | 1115.60] 2754.34 | -2.16 OK

I/2 | 16350 | 7.19E+05] 2.81E+08 | 4.00E+08| 7001.23 | 433363 | 4950.62 | 1180.97| 2004.08| -2.73 OK

Exterior Girder

Setion X A So Ste Ppo | Pre'ec [ Mg*+Ms) Mon My o Check
(mm} [ (mm2) {mm3) {mm3) (kN (kNm) {kNm) { (kNm} | (kNm) | {MPa) fy
Supportl 260 |1.18E+06| 3.26E+08| 5.04E+08| 7294.73 | 288.26 0.00 0.00 0.00 7.056 OK

L/ 4275 | 8.42E+06| 2.92E+08 | 4.30E+08 | 7110.54 | 2073.64 | 2038.17 | 523.73 | 15563.33 3736 OK

L/4 8300 | 7.19E+05| 2.81E+08 | 4.00E+08| 7023.95 | 3305.64 | 3494.01 | 897.82 | 2627.50 0.276) OK

3L/8 | 12325 | 7.19E+05| 2.81E+08 | 4.00E+08| 7032.26 | 4092.02 | 4367.61 | 1122.28| 3242.66 -2.123| OK

L/2 | 16360 | 7.19E+05| 2.81E+08 | 4.00E+08| 6960.89 | 4308.66 | 4658.67 | 1197.10] 3418.94 -3.116] OK
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22TCN272-05; AMASHTO LRFD 2nd - 1998

REINFORCEMENT OF GIRDER CHEGKING - STRENGTH LOAD COMBINATION 1
MATERIALS
NORMAL CONCRETE
fc__ |Compressivs Strength of cencrete at 28 days e e Mpa O
Ec Modulus of Elasticity - Mpa 33915
s Modulus of Ruplure o I Mpa 4.2
__qc Unit waight of concrete e 1 kKNm3 24.0
: - PRESTRESSING STEEL
o dpu Tensile strength of prestressing steel i Mpa__ 1860
fpy ‘ield strength of prestressing stee! ol Mpa 1674
Ep Modulus of Elasticity _Mpa 197000
REINFORCEMENT
fy Yield strength _ Mpa __ 460 Aoslps
Es Modulus of Elasticlty N . Mpa 200060 i
ne Ratig Es/Ec [
Sign Parameters Unit Section
Support [ L8 I Li4 E I | L2
INTERNAL FORCES AT SECTION
Combinaticn Strength Strength Strength Strength | Slrength
__Qu Shear i o kN 1753 1381 1016 658 307
_._Mu Floxural Moment kiNm 0 5984 10196 12672 | 13447
Nu Axial load kN
Tu Torsicnal Moment kNm
6.1 FLEXURAL MOMENT CHECKING
H Sectlon helght m 1.850 1.850 1.850 1880 1.850
o's Dis. From comp. fiber to centroid of gomp. Relnf m 0.062 0.062 0.0562 0.062 0.062
d1x Cis. From tens. fiber to cenfrold of tension Reinf m_ 0062 0.062 0.062 0.082 0.0624
Cover to reinf m 0040 0.040 0.040 0.040 0.040
__ds Dis. From comp. fiber to centrold of tension Reinf m 1.788 1.788 1.788 . 1rea 1.748
d'ps Dis. From comp. fiber to cenlrold of comp. presiressing steel m 0.000 0.000 0.000 0.000 0.000
d1xp  |Dis. From tens. fiber to centreid of tension presiressing stee! m | 0.801 0.542 0.356 0.245 0.208
dps Dis. From comp. fiber fo cenlroid of tension prestressing steel m 1.049 1.308 1.494 1,608 1.642
b Width of the compraession face of member m 2,299 2.249 2.249 2,249 2.249
bw Web widih or diameter of a circutar seclion m 0.700 0.700 0.250 02601  0.260
hf Compression flange depth . m 0.200f 0200 0.260 0.200/ 0.200
iz Moment of inertia of seclion ma 0.554 0.499 0476 0476 0.476
 Amc _ |Section area ; . m2 1648 1.307 1.185 1.185 1.185]
Steel choice_ e - .
Tension presiressing steel P.S 1ype |8 TI27 157127 16T12.7 16T12.7| 15Tt27
Aps | Number tendons 5 5 5 5 5|
R Area m2 0.00740 0.00740 0.00740)  0.00740| _  0.00740)
Compression prestressing steel P.S type D T00.0 0 T00.0 07T00.0 0 T00.0 0T00.0
Aps Number tendons 0 [i . 7 0
o Area m2 . 0.00000 0.00000] 0.66000 0.00000 0.00000
Tension Reinforcement Number bars 8 § 6 6 6|
As Diameter mm__ 18 18 16 18 16|
. Area m2 0.00121 0.00121 0.00121 0.00121 0.06121
Compressian Reinforcement o Number ___bars 4 4. 4 4 4
As Diameter mm 12 i2 12 20 12
B hrea m2 0.00045( ~ 0.00045 0.00045 0.00045 0.00045
Shear reinforcement _ Number . bars 2 2 2| 2 2|
Ac ... Diameter mm__ 18 16 18 16 18
) Area_ _ m2 0.00040 0.00040 0.00040 ©0.00040 0.00049
f Resistance faclors for flexure 5.5.4.2 0.90 0.90 0.90] 0.90 0.80
. Resistance factors for shear .. boo 0.90 0.90 0.90 0.90
in Resistance faclors for aial force _ 1.00 1.00 1.00 1.00 1.00
b1 Siress block facter 0.729 0.729 0.729 0.729 0.729
c Dis. Between centroid and top fiber m 0.235 0.242 0.307 0.313 0.315"
For T seclion behavior m 0.235 D242 0.307 0.313 0.315
For rectangular seclion behavior m 0.212 0.214 0.216 0.216 0.2186||
fpe Effeclive stress in the presiressing steel after losses Mpa 1378 1371 1374 1348] 1293
fps Aver. slress In pres. steel at the lime for which the nominal resistance Mpa 1743 1764 1763 1758 1760
k Faclor depends on type of P.S, Low reiaxation sirand k = 0,28 . 0.28 0.28 028 0.28 0.28"
| @ Depth of equivatent stress block m 0.171 ..0476 0.224 0.228 0.229
de Corresp. effeclive depth from exireme comp. fiber . _
to centroid of tensile force in the tensile reinf, m s 1.325 1.504 1.611]_ __ 1.647
Mn Nominal resistance ~_kNm 13134 16653 18884} 20384 20885
Mr__ |Factored relstance . B kNm o Ae21| 14988 16996 18345) 18796
Mu Fiexual moment kNm 0 5984 10196 12672 13447
(5.7.3.2) |Flexural moment Checking _ OK OK OKf ~  OK OK|
_|Limits for reinforcemant
cide Maximum reinforcement 0.22 0.18 0.20 0.19 0.15f
Maximum relnforcement Checking <=(.42 OK| OK OK| oK OK|l
rmin____[Mimimum reinforcement 0.07% 0.09% 0.10% 0.10% 0.10%
o Mirnimum reinforcement Checking for RC 0.34% N.a N.a N.a N.a N.al
1.2'Mer | Craking moment kiNm 1739 1674 1686) 1572 1573
(5.7.3.3.2) _|Checking Mr>=min{1.2Mgr,1,33Mu) _ OK| OK QK 0K OK|
(6.8.3.5) Tensile force in steel should be satisfied - F_yo _ kN 1912 __Bag7 9244 10120 10083
I Checking Asfy+Aps.fps >= F yeC Ok 0k 0k Ok Ok"
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ctrol of eraking by diste._of relnf_for RC membor- Check?
ng cordilion for strustrgre N
_de__lConcr. thickness fro. Tens. fiver lo lens, reinf nearest
Z__ . |Crack widlh parameler _
A |Area of coner. wilh same centroid as fens. Reinf |
fsa Value
08y
Tensit stress In reinf  Min(fsa,0.6y)
X Dist, from compresslon foertocentrodd .~~~} . m } -} o~} - -}
Jd Am
ler Moment of inertia of the cracked seclion -
fs Tensile siress in reinforcement fs = Msis / {As*J).d) - - - - -
Checking for control cracking fe<fsa N.a N.a N.a N.a N.aj
 {5.10.8.2) [Shrinkage and temperature Reinfocoment (side distributlon} B e
Areq  |Area of required reinf . _m2 0.00038 0.00030 0.00027 0.00027 . 0.00027,
Distribution on sides 8 D12 m2 _0.00090 0.00080 0.00080] _0.00090 0.00090
Required Spacing not larger than m 0.45 045 0.45 045 0.45
Checking OX oK OK OK OK
6.2 SHEAR FORGE CHEGCKING
B Factor indicating diag. cracked concr. to lension 648 6.7 5.8 59 5.5
.9 Angle of inclination of diagonal compressive o degree 27.00 27.00| 27.00 27.00 27.00
o Angle of inclination of transy. reinf. to long. Axis . degree 80 90 90 801 80|
by ___|Effeclive web widih as minimum web width - in dv } m 0.700 0.700] 0250 0.250 0.250)
dv Efteclive shear depth m 1.332 1.332 1.392 1.498] 1.533
. |de-a/2) B R m__ 0.990 1.237( 1302 1.498 1.633)
5 Spacing of stirups m 0.150] 0.150 0.300] 0.300 0.300
~ncat _|Amount of bars in spacing 8 _ bars 2 2 2 2 2
Av Shear reinf area in spacing 5 m2 0.0004{ 0.0004 0.0004 0.0004!  0.0004
B Assume . 6.8 6.7 68 58 5.4
0 Assurne degres 27.00 27.00 27.00 27.00 27.00
v Shear stress in concrete kNfm2 2089 1846 3243 1953 890
fpo Parameter taken as modulus of elasticily of prestressing tendons Mpa 414 1416 1421 1397 1340
By Siraln in tensile reinforcement R -5.14E-03 -2.73E-03 -1.29E-03 -7.24E-04 -4.97E-04
It ex=0, multiple with reduce factor -3.70E-04 -1.96E-04 -2.30E-04 -1.29E-04 -8.85E-05|
Straln checking <=2,00E-3 ok Ok Ok Ok| Ok||
vife Ratio of shear stress and fic B 0.046 0.037 0.072 0.043 0.020
B Finat value 6.8 6.7 6.8 5.9 5.5
9 Final value degree 27.00 2700 27.00 27.00 27.00
Ve Nominal shear resislance provided by lensile siresses in the concrele kN 3520 3404 1314 1239 1183
Vs Shear resistance provided by shear reinforcement N 2816 2816 L 1583 1620
Vp Component in the direction of the applied shear of the effeclive P.S N 4] 0 0 0 [i)
T Vnl_ |[Vni=VeHVsHvp N 6336 6310 _ 2786 2822 2803
vnz_ |vn2 R kN 10490 10490 3916 4212 4310
Vn Nominal shear reslstance Vn=min(Vn1,Vn2) . kN 6336 6310 2786 2822 2803
Vr Factored shear resistance kN 5703 5679 2507( 2540 2523
Vu Shear &N 1763 1381 1016 658 307
_ {5.8.2.7) _|Shear checking — OK oK 0K OK OK
Region requiring fransverse reinf Checking Need No need Need Need| No need
Minimum shear reinf area m2 0.0001 0.0001 0.0001 0.0001 0.0001
Mimimum shear reinforcement Checking OK! - OX OK -
0.1 b"dv kN 4196 4196 1566 685 1724
Smax m 060 0.60 0.60 0.60 0.60)
Maximum spacing Smax OK - 0K OK -
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DN-QN-133 Girder-S2.

§5-90.x1s%.xls-Sheet:6b. Ser-Check section

REINFORGEMENT OF GIRDER CHECKING - SERVICE LOAD COMBINATION [
MATERIALS
NORMAL CONCRETE
fc Compressive Strength of concrete at 28 days ___Mpa R 45
Ec Modulus of Elasticily . Moa 33815 [ag &
fr Modulus of Rupture Mpa 4.2 'J:
__gc Unit weight of congrete kN/m3 240 |
PRESTRESSING STEEL
feu Tensile strength of prestressing sleel ~ Mpa [ 1880
" fpy____|Yield sirengih of presiressing steel o Mpa 1674
Ep Modulus of Fasticily Mpa 197000
REINFORCEMENT
fy ‘field strength ) Mpa 400 A s
Es Modulus of Elaslicity _ Mpa 200000 ks
ne Ratio Es/Ec [ i
Sign Parameters Unit Seclion
Support | /g [ | s L2
INTERNAL FORCES AT SECTION
___|Cembination . . Service Service Service Service _Service
 Qu__ |Shear B N 1210 946 B85 428 | 175
Mu Flexural Moment __kNm 0 4115 7019 873z 9278
Nu Axial load : kN
Tu Torslonal Mement kNm
6.1 _FLEXURAL MOMENT CHECKING
H Section helght m 1.873 1.873 1.873] 1.873 1.873
- ds Dis. From comp. fiber to centroid of comp. Reinf m 0.062 0.082 0.062 {.062 0.062
dix Dis. From tens. fiber o ceniroid of tension Reinf m 0.062 0.062 0.062 0.062 0.062
_ Cover to reinf m 0.04¢ 0.040 0.010 0.040 0.040
ds Dis. From comp. fiber to centroid of tension Relnf m 1811 1.841 1811 1.811 1.811
d'ps Dis. From comp. fiber to centrold of comp. prestressing steet m 0.000 0.000 0.000 0.000 0.000]
d1xp Dis. From tens. fiber to cenlrold of tenslon pr ing steel m 0.801 (.542 0.356 0.245 0.208
dps Dis. From comp. fiver to centrold of tension presiressing steel m 1.071 1.331 1.516 1.627 1.665
b Widih of lhe compression faca of member m 2,650 2.560 2.550 2.550 2.650
bw Web width or diameter of a circular seclion m 0.760 0.700 0.250 0.2601 0.250
___hf Compression flange depth m 0.223 0,223 0.223 . 0.223 0.223
Iz Moment of inerlia of seclion md 0.554 0.499 __Dha7e 0.478) 0.475)
Amc  [Section area m2 1.648 1.307 1.185 1.185 1188
. Steel chaice i . :
Tenslon prestressing steel P.S type 15T12.7 15 712.7 15T12.7 16T12.7 _AsT127,
Aps Number_ tendons 5 5 5 5 5
Area m2 0.00740 0.00740 0.0a4740 0.00740 0.00740
| Compresslon prestressing steel P.S type { T00.0 0700.0 0TC0.0 0 TCD.0 0 T00.0
Alps Number .tendong 0f_ 0 0 0 Of
Arag m2 0.00000 0.00000 0.00000 0.00080 $.G00Q0]
| Tension Reinforcement Number bars 6 6 8 3 6
As Diameter mm 18] . 16 18 16 18]
- ] Area _m2 0.00121 0.00121 0.00121|  0.00121 0.00121
Compression Reinforcement . . Number bars 4 4 4 4 4
As Diameter mm 12 - 12 12 12 12
. Area m2 0.00045 0.00045/ 0.00045 .. 000045 0.00045]
Shear reinforcement Number bars 2t 2 2 2 2
Al _ Diameter mm 186 16 16 1] 16
Area m2 0.00040 0.05040 0.00040 0.00040 0.00040
f Resistance factors for flexure 5542 1.00 1.0 1.00 1.00 1.00
fv Resistance factors for shear 1.00 1.00 1.00 1.00 1.00
in Resistance factors for axial force 1.00 1.00 1.00 1.00 1.00
ook Stress block factor 0.728 0.729 0.729 0.729 0.729
[ Dis. Between centrold and top fiber m 0.188 0.190 0191 0.192 0.192]
For T section behavior m 0.113 0.116 0.020 -0.020 -0.020
- For reclangular section behavior m 0.188 0.190 G191 0,192 0.192
fpe _ |Effective stress in the prestressing steel after losses Mpa 1116 1116 1116 1116 1116
fos Aver, stress In pres. steei al the lime for which the nominal resistance Mpa 1768 1786 1794 1799 1800
__k Factor depends on type of P.S, Low relaxation strand k = 0.28 0.28 0.28 0.28 0.28 0.28
a Depth of equivalent stress block m 0.137 0.139 0.139 0140 0.140
| _de Corresp. effectiva depth from extreme comp. fiber o
to centrold of lensile force in the tensile reinf. in __ 1087 1.348 1.627 1.634 _._1.870
. _Mn Nominal resistance kNm_ 13479 17037 19465 20993 21503
Mr Factored reistance kiNm 13479 17037 19465( 20993 21503
My Flexval moment kNm 0 4115 7019 8732 92?§"
 (5.7.3.2) _|Flexural o t Chacking OK OK| OK OK| OK
Limits for relnfarcement I
c/de Maximum relnforcement 017 0.14 0.13 0.12 [N ]
B Maximum reinforcement Checking <=0.42 OK oK 0K OK OK
rmin___ [Mimimum reinforcement 0.07% 0.09% 0.10% 0.10% 0.10%
Mimimum reinforcement Ghecking for RC 0.34% N.a N.a N.a N.a N.a
+.2*Mer_ | Craking moment kNm 1668 1504 1437 1437 1437
(5.7.3.3.2) |Checking Mr>=min{1.2Mcr,1.33Mu) OK oK OK 0K OK
(5.8.3.5} Tensile force in steel should be salisfied - F_yc kN 1188 3980 5480 . 6003 59704
Checking As.fytApsfps »= F_yc 0Ok Ok Ok Ok| Ok
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~ (5.7.34) _[Conctrol of craking by distr. of reinf for RC momber- Chock? _ e Yes|  _Yes Yest Yes
Existing condition for structrure e 1.20r3 ... 1. 1 A
_dc___|Concr. thickness fro, Tens, figer to tens. reinf nearest m 0.088) 0058 0.058] . 0.058] .
Crackwidth parameter _Nmm | 30000 30000] 30000 30000
A Area of congr. with same centroid as tens, Reinf m2 0.049] 0.049 0.0497 0.049]
{sa value . e . Mpa | . 211 211 211 2N
b6ty o __ Mpa 240 240 240 240
Tensil stress in reinf _ Min(fsa,0.6fy) ,, Mpa . 211 211 211 211
X Dist. From compression fiver to centrold m 0.076 0.085 0.091 0.094
Jd__|Am - m 1.072 1.319 1.486) __ 1.603
ler Moment of inertia of tho cracked seclion md 0.022 0.022 0022 0.022
fs Tensile stress in rélnforcement fs = Msls f (As™J.d} = Mpa - 2573 3870 4496
Chocking for control cracking fs<fsa N.a N.a N.a N.a N.3]
{5.10.8.2) [Shrinkage and temperature Reinfocement (side distribution) . = L .
Areq  |Area of required reinf . ] . .m2 0.00035 0.00028 0.00025 0.00025 0.000251
Distribulion on sides 3 16 D12 m2 0.00181 0.00181 0.001581 (.00181 0.00181”
Required Spacing not larger than _m 0.45 0.45 045 0.45 0.45
Checking oK oK OK OK OHKj
6.2 SHEAR FORCE CHECKING
B Factor indicating diag. cracked concr, fo lension _ _ 6.8 6.8 6.8 6.8 6.8
.8 [Angle of inclination of diagonal cempressive degree 27.00 27.00 27.00 27.00 27.00
o Angle of Inclination of transv. reinf, to long. Axis _|_degrea | 90 a0 20 90 a0
. by Effeclive web width as minimum web width - in dv m 0.700 0.700 0.280( 0.250| 0.280
dv Eftective shear depth . m 1.348 1.348 1467 1.564 1.600
- (de-a/2) m 1.029{ 1.278 1.457) 1.564) _  1.600
[ Spacing of stimups . m 0.1580 0,150 0.150 D.150 0,160,
ncat_ [Amount of bars in spacing $ bars. 2| . 2 2 2 2
Av Shear relnf area in spacing S m2 0.0004 0.0004 0.0004 0.0004 0.0004
_ B Assume 29 20 20 2.0 20
[:] Assume degree 45.00 45.00 45.00 45.00 45.00
77777 v Shear siress in concrete kN/m2 1282 1002 1880 1095 438
fpo Parameter taken as modulus of elasticity of presiressing tendons Mpa 1145 1153 1156 1156 1156
e, Strain in tensile reinforcement -4.63E-03! -2 94E-03 -2.00E-03 -1.63E-03 -1.57E-03
if ex<0, muliple with reduce factor -3.28E-04 -2.09E-04 -3.53E04 -2.87E-04 -2.78E-04
Strain checking <=2,00E-3 Ok Ok Ol _ Ok Ok
___vifc Ralio of shear stress and l'c 0.028 0.022 o4z 0.024 0.010
B Final valug 6.8 6.8 6.8 6.8 6.8
[0 Final value - degrea 27.00 27.00 27.00 27.00 27.00
Vo Nominal shear resistance provided by tensile stresses in the concrete . kN 3563 3563 1375 1476 1510
_ Vs Shear reslstance provided by shear reinforcement . kiN 28511 2851 3080 3307 .....3383
Vp Component in the direction of the applied shear of the effective P.S kN 0 .0 0 .0 0|
Vo1 Vnt1=Vet+vs+vp . kN 6413 6413 4455 4783 4892
vnz __|vaZ ) ] N 10617 10617, 4097 4309 4489
 Vn  |Nominal shear resistance Vn=min(Vn1,VYn2} N 6413 6413 4097 4399) 4489
Vr Factored shear resistance N 6413 6413 4097 4399 4499
Vu Shear KN 1210 946 535 428 175
~ [5.8.2,7) [Shear checking OK OK OK OK [+
Region requiring transverse reinf Checking No need No need No need No need No need
Minimum shear reinf area m2 0.0001 0.0001 . 0.0001 0.0001t 0.0001
Mimimum shear reinforcement Checking - . - - - _
D1 Tc v dv kN | 4247 4247 1639 1760 1800
Smax m 0.60 0.60 0.60 0.60 0.60)
Maxlmum spacing Smax - | - - !
Page:2/2
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1. INPUT DATA:
1.1. General Data

Specification for bridge design: TCN 272-05
Live load HL93
Impact (or dynamic) of the live load M = 0.25
Pedestrian PL= 0.00 (kN/m?)
Length of Girder La= 40.00 (m)
Span between support Ly = 39.10 (m)
Carriageway width in bridge W= 11.75 {m})
Parapet width c= 0.50 {m)
Bridge width B= 12.75 (m)
Number of girder Ng = 5.00 girder
Space betweem 2 girders = 2,55 {m)
Distance from inside of parapet to exterior girder center de = 0.78 (m)
Width of bridge deck bes = 12.48 (m)
Length of the overhang (cantilever arm length) Ly = 1.28 (m}
Thickness of bridge deck ts= 0.22 (m)
Precast plank width by = 1.80 (m)
Precast plank thick h, = 0.08 {m)
Pavement thick hpa = 0.084 {m)
1.2. Girder dimension:
by, Width of over part by = 950.00 (mim)
|‘T'l b= 750.00 (mm)
fe—— M Width of under part by=  750.00 (mm)
h*y ]:I Ij —k |n 1 Girder high h= 2100.00 (mm)}
+= Y hy = 80.00 (mm)
h = 200.00 (mm)
by, h, |n Cross section at end at the midie
b by=  750.00 300.00 {mm)
—-Pu'th\, h*y = 34.00 110.00 (mm)
—-H—_f—h h*y = 1866.00 1340.00 (mm)
ol r hy = 0.00 250.00 (mm)
I ey = 0.00 200.00 (mm)
1.3. MATERIAL PROPERTIES:
1.3.1 Concrete:
Girder concrete
Girder concrete strength at the 28 age days fo= 45.00 MPa

Unit weight of Concrete
Modulus of elasticity
Dack concrele

Deck concrete sirength at the 28 age days

Unit weight of concrete
Modulus of elasficity

1.3.2 Prestressing steel

Diameter of one strand

Area of one strand

Ultimate Tendon strength

Yield strength of prestressing steel.
Modulus of strand

Wobbte friction coefficient {(mm-1)
Coeficient of friction (1/RAD}
Number of Strands in one Tendon
Area of one Tendon

Stress in the prestressing steel at jacking
Jacking force for one tendon

Anchorage set

Area of one duck

Number of Tendons

1.3.3 Reinforcing Steel:
Yield strength (deformed bar)
Modulus of steel

y.=  2400.00 kG/m*

E.=0.043 v, sgri(f )=  33914.98 MPa (5.4.2.4-1)
fo= 35.00 MPa
Y=  2400.00 kG/m®
E.=0.043y.,"® sqri{f.) =  29810.20 MPa (5.4.2.4-1)
D= 15.20 mm
As"15.2"= 140.00 mm’
fu=  1860.00 MPa
fy=09f,=  1674.00 MPa

E,= 197000.00 MPa
K= B.60E-07 mm"

pu= 0.25
n= 12.00 Strands
A= 1680.00 MM*
fy=0.7fy=  1302.00 MPa
i 2187.36 kN
AL = 6.00 mm

Aj= 502655 mm’
= 6.00 Tendons

foo=  400.00 (MPa)
E,= 200000.00 (MPa)
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2. INTERNAL FORCE:
2.1. Dead Load:

2.1.1 Load:

Interior Beam:
Bridge deck DGy = 13.33 (KN/m)
Precat plank & cross beam DCu = 5.22 (kN/m)
Parapet DCpa = 4.74 (kN/m)
Pavement DW, = 4.44 (kN/m)

Exterior Beam:
Bridge deck DCy= 13.33 (kivfm)
Precat plank & cross beam DG, = 2.61 (kN/m)
Parapet DCpy = 5.48 (kN/m)
Pavement DW, = 4.44 (kNfm)

2.1.2 Internal Foree due to dead load:

Formula : M = 0.5 q.X (L-X;)
Q=q.{0.5.L-Xp
Ly= 39.10 {m)
i INTERIOR GIRRER
Girder (DC) Congcrete Deck (DCYPlank & cr.beam {DC) Parapet (DC) Pavement {DW)
Section}. - % M Q | L Q | ) M. Q M Q M Q
{m) {(kNm} {kN) {kNm) {kN) (kiNm) {kN) (kNm) {kN) (kNm) (kiN}
Support| 0.06 | 0.00 513.14 0.00| 260.57 0.00]  101.97 0.00 9267  0.00| ¢ 86.83
178 4.80 (216447} 384.85| 1114.36] 195.43| 436.10 76.48(  396.30 69.680| 371.34 65.12
_____ L/4 9.78 | 3761.95; 256.57| 1910.34' 130.29| 747.59 50.89]  B79.36 46.33| 636.58 43.42
3L/8 | 14.86 |4702.43| 128.28) 2387.92] 65.14] 93449 25.49 849.21| 23.17]  795.73 217
L2 19.55 | 5015.93 0.00] 254712 0.00[ 996.79 0.00 905.82 0.00] 848.78 0.00
EXTERIOR GIRDER
Goi 0.00 3 000 | 513.14 0.00] 260.57 0.00 0.00 10713 0.00] 8683
s 4.89 |2194.47| 384.85| 1114.36| 195.43| 218.05 76.44 458.17 80.35| 371.34| 65.12
L4 9.78 | 3761.95] 256.57| 1910.34) 130.29| 373.80 50.99| 785.43 53.57 B636.58 43.42
3148 | 14.66 | 4702.43| 128.28| 2387.92| 6514 467.25 25.49 . 981.78 26.78] 795.73 21.71
/2 19.55 | 5015.93 0.00] 2547.12 0.00| 498.40 0.00 1047.23 (0.00] 848.78 0.00
2.2 Live Load:
2.2.1, Distribution factors for Live load:
Modular Ratio: Girder Concrete/Deck Concrete n=E;/Eq= 1.13
Distance from girder centroid to bridge deck centroid e'g = 1161.49 (mm)
efg = 1161.49 {mm)
Longgitudinal stiffness parameter Klg =n(lg + A ezg) = 3.2E+12
KFg =n(lg + A e’ = 3.2E+12
Ration Kg/Lty= 7.33
Kig /(L) = 733
S/L= 0.07
{a} Distribution Factor for Moment: g{M}
Interior Beam:
rs sy R Y
006 e
For one lane + 430@i (L] e 0.497
.1
S ne(S}uz K 0.
T 0075+ —— 1| |=1 | =% | = o.72
wo or more lanes (2900) 7 Lfs] 0.729
Exterior Beam:
For one lane, follow the lever rule X2
600 1800 X1
Xy = 925.000 1
X,= 272500 )
Yi=  0.363 :
Y,= 1.069 ?
Lh

=> g{M)=0.5"zyi=|__0.716

Two or more lanes

e=0.77+ d, =  1.047 <(=)1
2800

Choice e= 1.047

=> g(M) =€"0uorg =[__0.764]

{b) Distribution Facter for Shear force: g{Q)

IF(e>1,1,e)

Interior Beam: S
For one | 0.36 + = 0.696
ane 7600
Two or more lanes 3 s z
0.2 +-——- (——] = 0.852
3600 16700
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Exterior Beam:

For one lang, follow the lever rule

Two or more lanes

Skew angle
Faclor

Correction factor

g(Q) = 0.5%yi=[__0.716

e=0.6+ de =
00

0.858

=> g{Q) =e*Guong = 0.731

{c) Correction factor for skew bridge:
* Correction factor of distribution factor for moment (Table 4.6.2.2.2d-1}

6= 20
cl= 0.000
CF(M)= 1.000

CF(M) = 1.0 — ct {tang}"

el— 0_25( Ke

Lits?

ey

Degree.

Area of applications
300<= 0 <= 600
1100<= § <= 4900
6000 <= L <= 73000
Nb >=4

* Regulation factor of distribution factor for shear force (Table 4.6.2.2.3c-1)

Correction Factor

CF(Q}= 1.040

Area of applications
00<= § <= 600
1100<= S <= 4900

LV 6000 <= L <= 73000
CF(Q) = 1.0+0.20(-45—J tan@ Nb >= 4
Kg
{d) Table of Distribution factors for Live load:
Interior Beam gi{M} g{Q) m m*g{M) m*g{Q) | m*g(M)*CF(M)] m*g{Q)*CF({Q}
1 lane 0.497 | _0.696 1.20 0.596 0.835 0.596 0.868
2 or more lanes 0.729 0.852 1.00 0.729 0.852 0.729 0.886
Exterior Beam
1 lane 0.716 0716 | 1.20 | 0.859 0.859 0.859 0.893
2 or more lanes 0.764 0.731 1.00 0.764 0.731 0.764 0.760
222 Live Load:
]
Design Truck (/] I
O O O
4.30m 4.30m lo 9.00m
P, = 35kN  P,= 145kN (use 4.30m) Py= 145kN

Deslign Lane Load

Design Tendem

W = 9.3kN/m

0 A A N A A S

1.20m
1 P, = 110kN 1;:,: 110kN

2.2.3 Internal Force due to Live load:

Design truck or Tendem

Lane toad

Pedestrian

- Truck P1 = 35.00 (kN)
P2 = 145.00 (kN}
- Lane load W= 9.30 (kN}
- Tandem P1= 110.00 (kN}
- Pedestrian PL= 0.00 kiN/m?
- Dynammic load IM= 0.25
Momen Mrrqray = EPiyi
Shear for¢  Qrrea = ZPiyi
Momen My, = W.Fpy
Shearforc Q= W.Fq
Momen MpL = PL.Fy

Shear for¢

Qpy = PL.Fqg

FII

{kNm)
{kN}

(kNm)
(kN)

(kNm)
(kN)
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Influence line for Momen & Shear force Load Shear
Section at 1/2L Truck 2789.88 138.86
w= {91.101 145{xN} | 145{kN} l A5LRN)
j 11oten [T Lane 1777.24 45.45
o 09 400 800 1200 1600 2000 2400 2000 3200 3500 4000
2 8¢ Tandem 2084.50 106.62
g s E
145[%N) TeTRMT 35(kN)
w* = 48875 Design 2789.88 138.86
w' = -4.8875 TA0{HN)
K’ H
u.au 400 goo 1200 1800 P : OO 2600 4000 ., 0.00 ¢.00
En @ Pedestrian
B
Section at 3/8L. Truck 2650.45 179.48
w= 179.157
I5{KN) 1ty 145{KN)
110{KN} Lane 1666.16 71.02
eop 400 600 | 1200 [1d08 OO0 2400 2800 3200 36.00  40.00
—r—]
L1
2 w® -
[ & E Tandem 1966.59 13412
w'= 2749 145{kN) TAfkNY 35(kN)
wt= -7.637 Desigin 2650.45 179.48
110k}
]
000 400 AG0 1200 % .08 44, 2 r 3600 4000 0.00 .00
2z & 5 Pedestrian
I $
Section at 1/4L Truck 2151.53 220.11
w= 143326 145iN A6} 35{kN)
110N
!lﬂﬂ 400 .00 ngaoa 1660 |20.00 2400 2800 3260 3600 4000 Lane 1332.83 102.27
NN @ b Tandem 1579.88 161.82
145K 45(5M) 35(kM)
w'= 1222
wt = -10.997 nmm]‘] ; Design 2151,53 220.11
[
@rwa 4.00 3.00‘54. 200 | 1600 {2000 24 ] 00 36.00  40.00
0.00 0.00
N 3 3 Pedestrian
9 = ¢
Section at 1/8L Truck 1274.32 260.73
145{N) r"—?rrmj A5HNY w= 83.607
stopen [ ] | l Lan 777.54 138.20
a,ao 458 | Bo0| r200] 1600 2000 2400 2300 9200 3500 4000
\a T & Tandem 924.34 189.12
<% & «
145(;;&:[_1‘.5(RT'I 35{kN) wt = 0.305
; i i w'= -14.968 Design 1274.32 260.73
110!“}“ i
i i i
W - 1
o.og 4.0 ! 300 12.00 16.00 20.0¢ 2 oQ 3800 40.00 0.00 ) 0.00
23 & @ Pedestrian
9 9 |
At support Truck 0.00 301.36
F-as(w) l |+ astm 35 w= 0.000
: ; Lane 0.00 181.82
U.P’:Y r lgkm 8.0 12.00 1500 2000 2400 2800 3200 3500 4000
32 % 8 Tandem 0.00 216.62
TerRHY 145(kN) 35{kN) w' = 0.00
n 110(kN) w'= -19.550 Deslgn 0.00 301.36
I
u,]zu Ade  sop 200 1608 —pee0—PTDT BO0 G200 9500 4600
sy g R 0.00 0.00
ie @ ¢ Pedestrian

Page 4.



Internal Force due to Live load :

Mooy = M g(M) * [max{Myg, Mra}*(1+IM) + My,

Qi = M*OIQ) * [max{Qqg, Qrad*(1+IM) + Q)

Internal Ferce due to pedestrian :

M = g(M} * Mp,
Q=g{Q) " Qp
In which:
Mygrag  moment due to truck or Tandem
Qrrray  Shear force due to truck or Tandem
i Value of influence line F Area of influence line
m Lane factor 4] Distribution factor
interior | mg(M)] _m*g(Q)
0.729 0.886
Exterior
] o0.869] 0.893
TABLE OF INTERNAL FORCE DUE TO LIVE LOAD
Setion i Interior Girder Exterior Girder
M Q M Q
m) | (kNm) | () | (kNm) [ (kN)
Support| _ 0.00 0.00 | 494.64 0.00 498.87
L/8 4.89 1728.13 | 411.92 | 2035.79 | 41545
L4 9.78 | 2934.11 | 334.24 | 3454.48 ; 337.10_
3L/8 14.66 | 3632.11 | 261.59 | 4276.27 |  263.83
Li2 19.55 | 3840.27 | 193.97 | 4521351 105.63
2.3 Load combination:
Strength limit state: U=n[1.25DC + 1.50 DW + 1.75 (LL+IM}]
Service limit state: U=n1{1.00 DC + 1.00 DW + 1.00 (LL+IM)]
Fatigue state: U=0.75 (LL+IM}]
The maodify load factort N=MpNg M
STATE Modify Load Factor
o MR Ll N =NpNr
Strength 1.00 | 1.00 1.00 | 1.00
Service 1.00 1.00 1.00 1.00
2.3.1 L.oad combination - - Interlor Girder:
STATE [Strength
Load Load Seclion
Factor Support L/8 L4 3L/8 Li2
— o_f._m_ i@ | M | @ )} M ; Q | M @ M_ &
. S Nm) )| eNmy [N RNm) RN Nm) | RN) [ (kNm) (kN
pc 1.25 | 0.00] 1210.44| 5176.53| 907.83| 8874.06 605.22( 1109257 30261 11832.08; 0.00
DW | 150 | 000 130.25| 557.01| 9768| 954871 6512\  1193.80:1 3256| 1273.16  0.00
LL+IM 1.76 0.00{ 865.61] 3025.97! 720.87| $134.70] 5B4.92 6356.19 457.79| 6720.47| 339.46
Total 0.00! 2206.30| 8759.52) 1726.38)|14963.63| 1255.27 18642.36 792,96)| 19825.71 339.46
STATE |Service
Load Seclion
Load | ¢ tor Supporl 78 174 3178 2
] R A T | T M o o Q
T akmy | [ kNm) (kN | (kNm) | (kN) Ghm) [Ny T dNm) [T (kN
DC 1.00 0.00] 968.35] 4141.23( - 7099.25 484.18 8874.06 ~242.09| 9465.66 0.00
BwW 1.00 0.00 86.83| 371.34] 6 ~ 636.58 43.42 795.73 21.71 84878  0.00
LL+1M 1.00 0.001 494.64| 1729.13 . 2834.11 334.24 3632.11 261.59| 3840.27| 193.97
Total 0.00) 1549.82| 6241.70 1203.31/10669.94 861.83 13304.90 525.39] 14154.71 183.97
2.3.2 Load combination - Exterior Girder:
STATE |[Strength
Load Section
Load | tactor Supprt 78 74 g 2
¥ M Q M Q M Q M Q M Q
{kNm) (ki) | _(kNm}) (kN) (kNmy) (kNy {kNm) {kN) {kNm) (KN}
DC 1.256 0.00( 1228.53| 4981.31| 921.39] 8539.39 614.26 10674.24 307.13| 11385.85 0.00
bw | 150 0.00[ 130.25; 557.01 97.69{ 954.87|  85.12 1193.59 32.56 1273.16 0.00
LL+IM 1.75 0.00] 873.02] 3562.64| 727.03| 6045.35 589.93 7483.48 461.70| 7912.36] 342.36
Total 0.00) 2231.79] 9100.96] 1746.11(16539.61 1268.31 19351.30 801.40( 20571.38| 342.36
STATE
Section
Load 8 74 38 2
T Q M_[aQ [ ™ Q M| Q _
- | GkNm) | Ny | kNm) L (kN) (kNm) (kN (kNm) | (kN)
DC 3985.05 737.12| 6831.51 491.41 8539.39 245.71| 9108.68 0.00
oW [ 1. 371.34| 65.12| 636.58|  43.42 795.73 21.71 848.78| 0.00
LL+IM . 2035.79| 415.45| 3454.48 337.10 4276.27 263.83] 4521.35[ 195.63
Total 0.00 1568.52) 6392.18| 1217.69)10922.58 871.93 136141.39 531.24| 14478.81 195.63
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3. TENDON PROFILE AND PROPERTY OF GIRDER CROSS SECTION
3.1. Tendon profile:
Tendon profile follow Parabol equation:

A —a)xfl - x)

yo=r 7
in which: Qrigin of coordinates in left edge of the Girder bottom (0.0)
f Maximum deflection at mid span of tendon
c Distance from maximum deflection point to girder hottom
(¥ Coordination of point under consideri=1,2...
L actual distance between cable ends (X-axis)
L, = XXy Distance between 2 point under consider
angle of rotation of tendon for X-axis Tanf{a) = (4.F (1-2.Xi FLY) /L
e=2f/05L -tan(a)
Lepan = 40000 {mm)
Ly = 39100 {mm)
Leap = 38700 (mm)
f=]| 1860 [(mm} Leap=| 39700 |(mm) = 530 [(mm)}
Section Xi - Yi Lp Ilcap | Tan(ui) (o) P Sectlon
{mm)} {mm) (mm) {mm) (rad) {rad)
TENDON No Anchorag  0.007 1860.00 0.00 0.00| 0.1874 0.0000| 0.0000| Anchorage
1 Support 300.00( 1820.106| 300.00| 300.00| 0.1846 0.0028| 0.0028| Support_
Lig 5187.50| 1255.68| 4887.50| 5187.50| 0.1384 0.0490| 0.0518; Li8
L 10075.00| 852.53| 4887.50] 10075.00] 0.0923 0.0951] 0.1469| L4
3L/8 14962.50] 610.63| 4887.50| 14962.50, 0.0461 0.1413( 0.2882 3L
Li2 19850.00| 530.00| 4887.50] 19850.00] 0.0000 0.1874| 0.4756 Li2
=| 1530 {{mm) | Lcap=| 39700 |(mm) ~C=]|_ 400 {{mm)
Section Xio | ¥i Lp Elcadp | Tan(o) | (o) Zo Section
{mm) (mm) (mm) (mm) (rad) (rad)
TENDOHN No Anchorag 0.00| 1530.00 0.00[  0.00{ 0.1842( 0.0000| 0.0000| Anchorage
2 ‘Support 300.00} 1496.10/ 300.00 300.00| 0.1518| 0.0023 0.0023] Suppert
Li3 5187.50; 1016.56| 4887.50| 5187.50| 0.1139| 0.0403| 0.0426 LI8
Li4 10075.00] 674.03| 4887.50| 10075.00{ 0.0759| 0.0782] 0.1209 Li4
3L/8 | 14962.50| 468.51| 4887.50| 14962.50| 0.0380; 0.1162| 0.2371| 3L/
L2 19850.00] 400.00] 4887.50{ 19850.00( 0.0000] 0.1542( 0.3912 Li2
. _f=1 1200 [(mm) Lcap=[ 39700 [(mm) }  C=] 270 {(mm)
Section | Xi _Yi Lp Ilcap | Tan{o) | (o) I, Section
{(mm} {mm) {mm) {mm} {rad) (rad)
TENDON No |ANChorag _0.00} 1200.00; __0.00}  0.00] 0.1209 0.0000] 0.0000| Anchorage
3 Support 300.00| 1172.10} 300,00 300.00| 0.1191| 0.0018] 0.0018| Support
L8 | 5187.50| 777.43| 4887.50| 5187.50| 0.0893 0.03161 0.0334 L/8
L | 10076.00] 495.53| 4887.50| 10075.00] 0.0595 0.0614( 0.0848] M4
3L/8 | 14962.50| 326.38| 4887.50] 14962.50| 0.0298 0.0911( 0.1859( 3L/8 |
Li2 19850.00| 270.00| 4887.50( 19850.00( 0.0000 0.1209| 0.3068 Li2
f=| 870__[(mm) Lcap =| 39700 |{mm) =|._ 140 |{mm)
Section [ Xi Yi Lp | ZLecap | Tan(w) (o) ~ Zo | Section _
{mim} {mm) (mm) {mm) (rad) (rad)
TENDON No Anchorag 0.00| _870.00 0.00| 0.0 0.0877 0.0000| 0.0000| Anchorage
4 Support 300.00] 848.10| 300.00 300.0| 0.0863 0.0013| 0.0013| Support
L/8 _5187.50] 538.31| 4887.50 5187.5] 0.0647| 0.0229] 0.0242 L/g
Li4 | 10075.00| 317.03] 4887.50| 10075.0( 0.0432( 0.0445] 0.0687] L4
3L/8 14962.50| 184.26| 4887.50 14962.5| 0.0216| 0.0661| _0.1348 3L/8
Li2 19850.00] 140.00) 4887.50| 19850.0| 0.0000} 0.0877| 0.2225 Li2
=[ 540_[mm) | Lcap=| 39700 |(mm) =1 320 Jmm)
Section_ Xi Yi 1p Zlcap | Tan{a) () o Secfion
{mm) {mm) {mm) {mm} {rad) {rad)
TENDON No Anchorag  0.00| 870.00 0.00 0.0| 0.0877( 0.0000| 0.0000( Anchorage
5 Support 300.00| 848.10| 300.00|  300.G| 0.0863 0.0013| 0.0013| Support
Li8 5187.50| 538.31| 4887.50 5187.5] 0.0647 0.0229] 0.0242 L/s
Li4 10075,00| 317.03| 4887.50 10075.0| 0.0432 0.0445] 0.0687 Li4
3L/8 | 14962.50] 184.26| 4887.50| 14962.5| 0.0216 0.0661| 0.1348 3L/8
Li2 19850.00] 140.00] 4887.50] 19850.0] 0.0000 0.0877| 0.2225 Li2
f= 210 |(mm) icdp=| 39700 [{mm} = 140 [(mm)
Section Xi Yi | Lp_ | ZLcap | Tan(c) () .o Section
{mm} {mmy) {mm} {mm} (rad) (rad)
TENDON No Anchorag  0.00] 210.00 0.00 0.0 0.0212 0.0000| 0.0000| Anchorage|
G _Support 300.00f 207.90| 300.00] _ 300.0| 0.0208| 0.0003| _0.0003| Support
L/8 5187.50| 178.19| 4887.50 5187.5] 0.0156| 0.0055| 0.0058 Lig
L4 | 10075.00| 156.98| 4887.50( 10075.0| 0.0104| 0.0107| 0.0166 Li4
3.8 14962.50| 144.24| 4887.50| 14962.5| 0.0052| 0.0158| 0.0325 3L/8
LI2 16850.00] 140.00| 4887.50] 19850.0] 0.0000} 0.0212 0.0537 Li2
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S TENDON No 1 TENDON No 2 TENDON No 3 TENDON No 4 TENDON No & TENDON No 6
Section % Y X Y, % \f X i % Y, X Yi‘ ‘
{mm) {mim) (mm)_| (mm) {mmj {mim}) (mm) {mm) {mm) {mm} {rm) {mm)
Ancherage [ 0.00(  1860.00 0.0| 1530.00{  0.0| 1200.00 0.00] 870.00f _ _ 0.00| 540.00 0.00[ 210.00
“Support | 300.00| 1820.10] 300.0| 1496.10| ~ 300.0| 1172.10| 300.00| ~848.10| ~ "300.00| 528.00] 300,00
i [ 0s0.00 “1723.02| 1050.0( 1413.62| 1050.0 1104.21| 1050.00| 704.81|  1050.00| 498.80| 1050.00( 202.
2400.00] 1557.83 2400 0| 1273.27 U __,938 71| 2400.00 704.15 2400.00] 449,12 7772‘100 1]}
| 3400.00] 1443.40| 3400.0| 1176.05| 3400.0| '908.70| 3400.00| 641.34|  3400.00| 414.71] 3400.00
| 5187.60) 1265.68| 5187.5 1016.56 777.43| 6187.50 638.31|  5187.50| 358.25 5187.50
 4400.00| 1335.73| 4400.0] 1084.56| 833.40{1 4400.00 532 24 4400.00{ 382.32| 4400.00
5400.00|  1234.80 5400.0 998 82 762.83| 5400.00 526.85 5400.00| 351.97 5400.00
6400, 00| 1140.63| 8400.0 918.80 696.98( 6400.00 475.16 B6400.00| 323.65{ 6400.00
7400,00] 1053.20| 7400.0{ 844.52 535.85| 7400.00| 427.47|  7400.00 297.35 7400.00|  167.
10075.00| _ 852.53| 100750 674.03 ""496,53| 10075.00| 317.03| 10075.00] 237.00| 10075.00| 1
8400.00|  972.53| 8400.0| 775.98 0| 579.44| s400.00| 382.89|  8400.00 273.09| 8400.00
940000 898.61| 9400.0| 713.18] 527,75 9400.00| 342.32|  9400.00| 250.86| 9400.00
10400.00]  831.44| 70400.0] 656.11| 104000 480.78| 10400.00| 305.45] 10400.00 10400.00
11400.00|  771.0t| 11400.0| 604.77| 11400.0| 438.53| 11400.00] 272.20] 11400.00| 212.49| 11400.00
14962.50|  610.83| 14962.5 468.51| 14962.5| 326.38| 14862.50| 184.26| 14962.60] 164.25| 14962.50
1 12400.00]  717.35( 12400.0] 65%.47| 12400.0 401.00( 12400.00| 242.83| 12400.00| 196.34| 12400.00
~113400.00| _670.43)_13400.0| 519.31| 13400.0 368.19| 13400.00] 217. 08 ~.13400.00| 182.23| 13400.00
" 12400.00| ~ 630.26| 14200.0| " 485.18| 14400.0| 340.11| 14400.00( " 195.03| " 14400.00| 170.15{ 14400.00
| 15400.00] ~596.84| 15400.0| 456.79| 15400.0| 316.74| 15400.00| "176.69] 15400.00| 160.10] 15400.00
119850, 00 530.00| 19850.0| 400.00| 19850.0 270.00| 19860, QO 140,00 19850.00| 140.00| 19850.00
243_00 00 596.84] 24300.0f 456.79 24300.0{ 316.74| 24300.00 176.69| 24300.00] 160.10| 24300.00
25300.00 630.26( 25300.¢| 485.18 25300.0| 340.11| 25300.00 195.03| 25300.00] 170.15| 25300.00
26300.00] _ 670.43| 26300.0| 519.31| 26300.0| 368.19| 26300.00| 217.08 26300.00| 182.23{ 26300.00] 1
27300.00| _ 717.35| 27300.0{ 559.17| 27300.0 401.00| 27300.00[ 242.83| 27300.00| 196.34| 27300,00| -
24737.50|  610.63| 24737.5| A468.51| 24737.5| 326.38| 24737.50| 184.26| 24737.50| 164.25| 24737.50
58300.00] 771.01| 28300.0 604.77] 28300.0| 438.53| 28300.00|  272.29| 28300.00| 212.49| 38300.00
“[29300.00|  831.44| 29300.0| 656.11] 29300.0| 480.78| 29300.00| 305.45| 29300.00| 230.66| 29300.00
30300.00 898.61] 30300.0{ 713.18| 30300.0] 527.76} 30300.00| 34232 30300.00) 250.86| 30300.00
31300.00]  972.53| 31300.0{ 775.98| 31300.0| 579.44| 31300.00] 382.89| 31300.00| 273.09| 31300.00 16
- |29625.00] 862.53| 29626.0| 674.03| 29625.0! 495,53 20625.00| 317.03| 29625.00 237.00| 29625.00
10 [32300.00] 1053.20| 32300.0| 844.52| 32300.0| 635.85 32300.00| 427.17| 32300.00{ 297.35 32300.00
77777 1. | 33300. 00| 1140.63| 33300.0 918.80} 33300.0 696.98{ 33300.00|  475.16| 33300.00} 323,65| 33300.00|
. 12 '34300.000 1234.80 34300.0|  998.82 34300.0 T§2:83 34300.00 526.85| 34300.00] 351.97| 34300.00 ,
T43 " [35300.00] 1335.73| 35300.0| 1084.56| 35300.0| 833.40| 35300.00| 582.24| 35300,00| 362.32| 35300.00| 182.41
. [34512.50| 1256.68| 34512.5| 1016.56| 345125 777.43| 34512.50| 638.31| 34512.50| 358.25| 34512.60| 178.18
14 [36300.00| 1443.40| 36300.0| 1176.05| 36300.0| 908.70| 36300.00| 641.34| 3630000 414.71| 36300.00 188.07
U744 |37300.00| 1557.83| 37300.0] 1273.27| 37300.0|  988.71| 37300.00| 704.15| 372300.00] 449.12| 3730000 194.10
16 |38650.00| 1723.02| 38650.0| 1413.62| 36650.0| 1104.21| 368650.00| 794.81| 38650.00 498.80| 38650.00 202.79
" “Support | 39400.00 1820.10| 39400.0| 1496.10| 39400.0| 1172.10| 39400.00 848.10| 39400.00 528.00] 39400.00| 207.90
Anchorage | 39700.00{ 1860.00] 38700.04 1530.00 39700.0| 1200.00] 39700.00 870.00] 39700.00| 540.00) 39700.00| 210.00
2000 | TENDON PROFILE | ——o1 ‘
Unit (mm) ! !
1500 3 i 1
000 ! ‘
500

%a@wa@n@ DS

0

3000

————=-

6000

9000 12000

15000  180C0

21000

24000 27000

30000 33000 36000 39000
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4. LOSS OF PRESTRESS

4.1 Loss of prestressing force ImmedIately (Instantaneous losses):
4.1.1 Friction between Prestressing Tendon and Duck:

Formula: Ay = fy (1-e0) (69.5.2.2)
Xi: Length of tendon from the jacking end to any point under consideration
Section Tendon no. 4 Tendon no. 2 Tendon no. 3 Tendon no. 4 Tendon no. 5 Tendon no. 6 SUM/6
______ K 1 _Za Afpe T | Afy Za - _Af Lo My Za _ Afyr o A EAfpr
{mm} {rad) (MPa) (rad} {MPa) (rad) {MPa) (rad) {MPa) (rad) (MPa) | (rad) | (MPa) {MPa)
Ancho. 0.00 0.0000 | 000 0.0000 0.00 0.0000 0.00 ~0.c000| 0.0 0.0000 0.00 | 0.0000 ] 0.00 _0.00
Support | 300.00 0.0028 118 | 0.0023 1.02 | 0.0018 0.85 0.0013 0.69 | 00013 0.6¢ | 0.0003 | 0.36 0.80
L8 5187.50 0.0518 21.15 0.0428 18.20 0.0334 15.25 0.0242 12.29 0.0242 __j_Z:2B 0.00568 6.35 14.25
U4 | 10075.00 | 0.1469 | 65.27 | 01209 | 47.12 0.0048 | 3882 | 0.0887 | 30.66 | 0.0887 | 30.66 | 0.0166 1398 | 3610
3L/8 14882.50 | 0.2882 102.41 0.2371 86,98 | 0.1859 71.35 | 0.1348 | 5552 0.1348 | 5552 | 0.0325 | 23.24 _65.83
L2 19850.00 | 0.4758 161.00 0,3912 136.68 0.3068 111.84 0.2225 | B86.46 0.2225 | 86.46 | 0,0537 | 34.08 102.75
4.1.2 Anchorage seating or Set:
Formula
. Qutline to calculation
_ [E(ALL,, R
pA
Af,,.r.- .......................................................... —
20/ oL, Af AfpF
Af =T I
L, o f— | —v
¥ < LpA >
A, =4Af| 1- J * Lot gl
L.,
Trong dé:
Loa Effective length due to anchorage set
E Cable modulus of elasticity
AL Setting length
Lps The length from anchorage to point that loss stress due to friction was known
Afgr The loss stress value at the point that the leng from anchorage ti it is Lye
A The loss stress value at Anchorage

Choice the length from anchorage to point that loss stress due e friction was known {LpF) and calculation follow:

Xi Afon

Tendon no.1 (mm) (MP2)

LpF = 19850 o] 19583
" 161.00] 300/  190.96
lpp= 120718|  Siss| 11168
Af= 195.83] 10076 32.39
: . 14983] 0.0
19850 0.00

Tendon no.3 Xl Bfpn
{mm) {MPa}

LpF= . _._19880f O 163.21
Mg = i11.84 300] 159.83
LpA=  14484.4 5188|  104.76
Af= - 183.21 10075 49.68
14963 0.00

B | 1ees0] T 0.00
Tendon no.5 X Alpa
{mmy} (MPa)

LpF = 19850] o] 14351
My = 86.48 300) _ 140.89
LpA = 164734 5188 98.32
Af= 143.61| " 10075| _ 5574
14963 13.16

19850 0.00

Tendon no.2 Xi AMpn
{mm) {MPa)

LpF = 19850 0| 180.43
Al = 136,68 300| 176.30
LpA = 13102.0{ 5188 108.9%
Af= ~ 180.43| 10075  41.69
| 14963 0.00

o 19850 0.00
Xi Af )

Tendon no.4 (mm) (MPa)

LpF = 19850( 0| 143.51
Afy = 86.46|  300| 140.89
LpA= 164734 5188 98.32
Af = 143.51) 10075|  55.74
14963  13.18

19850 0.00

Xi Afp,

Tendon no.6 (rm) (MP2)

LpF = 19850 o| 143.51
Afe = 3408 s00] 140.89
LpA=_ 19850.0| 5i88] 98.32
Af= 68.16| 10075| 5574
14963|  13.16

19850 0.00

Page 11.




4.1.3 Elastlc deformation of concrete:

Formula

In which:

Number of tendon
Gable modulus of elasticity

Concrete strength at transfer

Unit weight of concrete

Concrete modulus of elasticity at transfer

Total stress of concrete in the Tendon centroid {f.,,) due 1o prestressing force and self weigh of girder

Af s =

frgp =

Compression force due to pretressing consider loss stress:
Area of girder cross section
Inertia Moment of Girder cross section
Distance from tendon centroid to neutral line of girder section

A

Ix

e
MDC

Maximum moment due to self weigh of girder at jacking

Total loss stress due to friction and Anchorage:

N-1E,
IN E,

Ye

Ey=

& Ffez Mpe

+
AL, I

ﬂ'gp

N=
Ep =
fa=

{6.9.5.2.3b-1)

6.00 {Tendon)
197000.0 MPa
40.50 MPa
2450.00 kg/m3
33185.3 MPa

Fi= NMo"As - AT (A + M)

i Tendon1 | Tendon2 | Tendon3 | Tendend | TendonS iTendong| SUM |____"27'Fi77
Sectlon AfpF+ATpA | ApF+afss | AfpF+afos | MpFiafos | MpF+afy, APF+ATA(AIPF+AT,)
(mm) {MPa) (MPa) {MPa) (MP3) (MPa) (MPa) | (MPa) (kN)
Anchorage | 0 195.83 | 18043 | 163.21 143,51 | 143.51 | 143.51 | 969.99 | 11494.68
Support 300 | 19244 | 17731 | 160.68 | 141.58 [ 14158 | 141.26 | 964.56 | 11520.50
/g 5188 | 13282 | 127.49 | 12000 | 11060 110,60 | 104.66 | 705.89 | 11938.27
4 10075 87.67 86.81 88.60 | 86.40 86.40 69.72 | 507.59 | 12271.40
38 | 14963 | 10241 86.08 7135 | 6868 | 68.68 36.40 | 434.49 | 12394.22
7 19850 | 161.00 | 13668 | 111.84 86.46 86.46 34.08 | 616.52 | 12088.40
L.oss stress due to Elastic deformation of concrete
Section Xi | _F A Kk e Mg | R | Afes
{mm) {kN) (mm2) (mm4) {rnm) kNm (MPa) | (MPa)
Anchorage 0 11484.58 | 1.6E+06 | B8.0E+11 53.61 0.00 7.23 |_17.88
 Support 300 | 11520.50 | 1.6E+06 | B.OE+11 | 53.81 0.00 7.25 | 17.92
s 5188 | 11938.27 | 1.0E+06 | 49E+11 | 36595 | 219447 | 13.38 | 3310
L4~ | 10075 | 1227140 | 9.4E+05 | 4.BE+11 | 50424 | 376195 | 17.49 | 43.27
3Lis 14063 | 12304.22 | 9.4E+05 | 4.8E+11 | 73338 | 470243 | 19.97 | 49.40
L2 19850 | 12088.40 | 9.4E+05 | 4.8E+11 | 77976 | 501593 | 2011 | 49.74
Total loss of prestressing force immediately - Remaining prestressing force:
Tendon1 A A My | Mg A F | e |FiCos{e) Fi'*Sin{u)
Section (mm) (MPa) (MPa} (MPa} {MPa) (kN) {rad) (kN (kN)
“anchorage | 0 [ 0.00 | 19583 | 17.88 21371 | 1828,32 | 0.1853 [1797.04 [336.77
Support 300 118 | 190.98 17.02 | 21007 | 1834.45 | 0.1825 |1803.98 [332.97
s | 5188 | 2145 | 11168 | 33.10 185.93 | 190B.60 | 0.1376 [1890.57 [261.71
A 10075 5627 | 3238 43.27 130.94 | 1967.39 | 0.0920 |1959.08 [180.80
3B 14963 | 102.44 0.00 4940 | 151.81 1932.32 | 0.0461 {1930.27 |89.07
Li2 19850 | 161.00 0,00 A8.74 21074 | 183332 | 0.0000 |1833.32 [0.00
Tendon2 K| M Mon Mes ia | F ) |Fi“Gostu) Fi™*Sinfw)
Section {mm) {MPa) {MPa) {MPa) (MPa) {kN) {rad) kM) | &Ny
_anchorage 0 0.00 18043 [ 17.17 197.60 | 1856.39 [ 0.1530 (183373 |282.68
300 1.02 [ 17830 | 17.2% 10452 | 1860.56 | 0.1507 [1839.48 (27928
U8 5168 18.20 | 108.99 31.78 158,97 | 192029 | 0.1134 [1907.86 |29
4| 10075 | 4712 | 4189 | 4154 130,35 | 1068.38 | 0.0758 |1962.73 .00
358 | 14983 86.98 0.00 47.42 134.40 | 1961.57 | 0.0379 |1960.18 [74.40
L2 7| 19850 | 13668 | 0.00 47.75 184.42 | 1877.53 | 0.0000 {1877.53 }0.00
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4.2, Loss of prestressing force at service stage (time - dependent fosses):

4.2.1 Loss of prestress due to Shrinkage:

Formula:

Relative humidity of environment

4.2.2 Loss of prestress due to Creep:

Mpgy = (93 - 0.85%H)
H= 80.00 %
|Mp5,| = 25.00 {MPa)

Formula AMpop = 12.0 fogp - 7.0 * Mgy
In which:
fean Stress in concrete at tendons centroid {f.g;) due to prestressing lendon
and self weigh of girder
Alegp Stess at tendons centroid changes due to permanent load,
except dead load action at transfer
i Interior Girder Exterior Girder
Section feap Moy 1 Mper Aoty AMpen
(m) {MPa) | (MPa) (MPa) (MPa) {MPa)
Support 0.00 7.25 0.00 86.96 000 . 86.96
L/8 480 | 1338 | o083 154.80 185 | 149.05
L4 978 | 17.49 475 | 176.68 440 | 17942
3L/8 1466 | 19.97 | 510 | 203.91 661 | 193.38
iz 19.55 | 20.11 8.07 | 18497 7.44 189.18

Tendond | K| Afhr | M | Mes | 26 | Fo ] (@ [Fi"Cosaf Fi"Sint)
Section {mm) (MPa} (MPa) {MiPa) (MPa) (kN) {rad) (kN (kN)
anchorage | 0 0.00 | 16321 | 4247 | 20668 | 1841.82 | 012031182851 |221.08
__Support | 300 085 | 16983 | 4266 | 20324 | 184%.91 | 0.1185 |1832.08 |218.27
Bl ) 1 1526 | 10476 | 7881 198.61 | 1853.69 | 00807 |1846.34 |164.90

77777 Li4a | 10075 | 38927 | 49.68 10276 | 191.35 | 1865.89 | 0.0695 |1862.59 |110.90
_ 3us 14963 | 71.35 0.00 117.29 | 188.64 | 1870.44 | 0.0208 [1860.61 |55.66
L2 19860 | 111.84 0.00 11810 | 22093 | 1801.07 | 0.0000 [1801.07 |0.00
Tendon4 X | A Aon Mg | ZA F! () [Fi""Cos{ay Fi**Sin{u)
Section {mm) (MPa) {MPa) {MPa) (MPa) (kN) (rad) {kN) {kN)
anchorage [~ © 0.00 143.51 143 167.81 | 1022.23 | 0.0874 [1914.89 [167.85
Support 300 069 | 14080 | 14.34 15592 | 1925.41 | 0.0861 |1918.28 [166.61
L's 5188 1239 | 98.32 26.48 137.09 | 1957.06 | 0.0647 |1952.97 [126.45
4 10075 | 3066 | 55.74 3462 | 121.01 | 1984.06 | 0.0431 |1982.21 |85.56
aus | 14963 655.62 13.16 39.52 | 108.19 | 200580 | 0.0216 [200513 |4328
L/2 19850 | 86.46 0.00 39,79 126.25 | 1975.26 | 0.0000 [1975.26 [0.00
Tendon5 Xi M | Bha Ateg TA FP (@) [Fi*Cos{e) Fi*Sinfo)
Segtion {mm) {MPa) (MPa) {MPa) (MPa) (kM) {rad) (kN) (kN)
anchorage [ T 0.00 143.51 10.73 15424 | 1928.24 | 0.0874 [1920.88 [168.38
Support | 300 0.69 14080 | 1075 15234 | 193143 | 0.0861 |1924.28 [166.13
Lis 5188 | 1220 | 9832 19.86 13046 | 1968.18 | 0.0647 |1964.07 |127.17
4 10075 | 3068 | 5574 2596 | 112.36 | 1998.60 | 0,043 [1906.74 |[86.19
a8 | 14863 55.52 13.16 20.64 98.31 202219 | 0.0216 (2021.72 [43.64
Lz 10850 86.46 0.00 29.84 116.30 | 1991.97 | 0.0000 |1991.87 [0.00
Tendoné |  Xi M Afga FE () [Fi"*Cos{a) Fi"*Sin{o)
Section {mm} (MFPa) {MPa) (kN}) (rad) (kN} {kN}
anchorage 0 000 | 14351 1046.27 | 0.0212 [1945.83 [4117
“Support | 300 | 038 | 140.89 1950.05 | 0.0208 |1949.63 140.63
s 5188 | 6.35 08.32 201153 | 0.0156 |2011.28 [31.43
L4 1 10075 13.08 55.74 2070.23 | 0.0104 [2070.12 |21.57
3158 14963 23.24 13,18 212621 | 0.0052 (2126.18 |11.08
2 | 19850 | 34.08 0.00 2130.10 | 0.0000 |243010 [0.00
SUM ttof Xi F; Fj*Cos{o} | Fj*Sin{a) €p | M= ZFCOS{e)esp
Section (mm) (KN} {kN) {(kN) (mm} (kNm)
anchorage | © | 11322.28| 1124088 1217.94] 6361 | 60267
Support | 300 | 11347.82| 11268.60[ 1202.88; 53.61 "604.16
~ e | 5188 | 11819.34 | 1157319  928.03| 365.95 4235.22
U4 | qo075 | 11854.54 | 11833.45|  634.02| 594.24 7031.95
R “i4983 | 11918.34 | 11913.08) _ 317.12[ 733.38 8736.79
L2 " 719850 | 11509.25 | 11609.25 0.00] 779.76 9052.38
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4.2.3 Loss of prestress due to Relaxation:

{a} At transfer: i
Formula: Af = k)_g@ P _ 056 |t
pRA1 40 pi
By
In which:
t : time estimated in days from stressing to transfer t= 0.00 days
fpy : Specified yeild strength of prestressing steel 1, = 1674.00 (MPa)

fpj : Initial stress in the tendon at the end of stressing

. Xi j Afpgy
Sect
ection | Mpa)y | (MPa)

~ Support 0.00 1284,08 0.00

LB 4.89 | 1268.90 | 0.00
4 | ovs | 126873 | 0.0
aLig 14.66 +252.60 0.00
Li2 19656 | 1252.26 0.00
(b) After Transfer:
Farmula: Apay = 30%*(138 - 0.3 Afp - 0.4 Afs - 0.2 {Afpen + Mpeg))
Interior Glrder
Section | Xi AMor Mgs Afpsn  Afper Afprp
(m) (MPa) (MPa) {MPa) (MPa) {MPa)
Support | 0.00 080 | 1782 2500 | 1448 | 36.81
Li8 4,89 14.25 3340 | 2500 | 2580 33.10
L4 9.78 3610 | 4327 | 2500 20.45 29.69
aLs 14.66 65.83 49.40 25.00 3399 | 26.01
V7 19.55 102.75 49,74 25.00 30.80 22,84
Exterior Girder
Section | X Afyr Maes | AfPsn  AMpgr | Mpga
{m) {MPa) {MPa) (MPa) {MPa) {MPa)
_Support 000 | 080 17.92 25,00 1449 | 36.81
Ls 4.80 14.25 33.10 25.00 2484 | 3345
U4 | 978 | 36.10 43.27 2500 | 29.85 129.87
3L/8 14.86 65.83 49,40 2500 | 3223 2611
L2 1955 102.75 4974 25,00 31.53 22,79
TOTAL LOSS STRESS AT SERVICE STAGE
Interior Girder
Setion Mpsy | Afper Afprs AMpra Sum
(MPa) (MPa) {MPa) (MPa) | (MPa
_Support | 2500 | 8B.96 000 | 3681 | 14B.77
L 2500 | 154.80 000 3310 | 212.90
Li4 25.00 17668 | 0.00 | 2989 | 23137
aLe 2500 203,91 0.00 26.01 254,92
L2 25,00 184.77 0.00 22.84 232,61
Exterlor Girder
Section Xi | AMpen Alpcr AMpry Afpre . |* Sum
{m) (MPa) {MPa) (MPa) {MPa) {MPa
Support [ 0.00 [ 2500 8695 | 000 | 3681 [ 148.77
/s | 489 | 2500 | 149.05 0.00 33.15 | 207.21
,,,,, Vs | 978 | 2500 179.12 0.00 2067 | 233.79
al/s | 1486 | 2500 | 19338 0.00 26.11 244.49
Liz 10.55 25.00 189,18 0.00 2279 | 23897
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4.3. Total Prestressing force consider loss In the service stage:
Interior Girder ‘

Tendon1] X EAur F {@) | Fi"“Cos{a) Fj'*Sin(e)
Section | (mm) (MPa) {(kN) {rad) (kN) (kN)
Support | 000 | 358.83 | 158462 | 01825 | 1568.20 | 287.60
/g | 488 | 37883 | 155068 | 0.1376 | 153628 | 21267
L4 9.78 | 36231 | 1578.69 | 00920 | 157201 | 145.08
3l/8 | 1466 | 40673 | 1504.06 | 0.0461 1502.46 | 69.33
T2 | 1055 44335 | 144254 | 0.0000 | 144254 | 0.00
Tendon2|  Xi Zhg 2 () | Fi™Cos{a) [Fj*Sin(x)
Section {mm) (MPa) (kN) (rad) (k) (KN)
Support | 000 | 34320 ]| 1610.64 | 01530 | 1591.83 | 245.39
s 4.89 37187 | 156282 | 01507 | 154491 | 234.56
L4 | 078 36172 | 157967 | 01134 | 156953 | 178.72
L8 14.86 389.32 | 153331 | 0.0758 | 1528.91 | 116.06
Li2 1955 | 417.03 | 148675 | 0.0379 | 148568 | 56.39
Tendon3| X Ly F (o) Fi"*Cos(es) [Fi*Sin{a)
Section {mm} (MPa) (kN) (rad) {KN} (kM)
Support | 0.00 35444 | 1501.90 | 0.1185 | 158073 | 188.23
Lig 4,89 416.14 | 1488.24 | 00891 | 1482.34 | 132.39
4 | 878 | 42088 | 146499 | 00595 | 146240 | 87.07
aus | 1486 446.27 | 143763 | 00298 | 143690 | 4278
L2 19.55 42125 | 147986 | 0.0000 | 147966 | 0.00
Tendona| X - Bhgr K {c0) Fj**Cos{e) [Fj**Sin{e)
Section {mmy (MPa} (kN) {rad) (kN) (KN}
“Support | 0.00 | 306.58 | 167231 | 00861 [ 1686.11 | 143.84
L/ 489 | 368.82 | 1567.74 | 0.0647 | 1564.47 | 101.30
4 9.78 36846 | 1566.36 | 0.0431 1566,90 | 67.64
38 | 14.66 375.93 | 1555.79 | 0.0216 | 155543 | 3357
TTU2 |- 1955 340.80 | 1814.82 | 0.0000 | 161482 | 0.00
TendonS|  Xi ALy FP ) Fi*Cos(a) [F) *Sin(u)
Seclion | (mm} (MPa) (kN) {rad) (kN)
“Support | 0.00 303,00 | 1678.31 | 0.0874 | 1671.90
/s | 489 365.23 | 157377 | 0.0861 1567.93
U4 ] o978 361,83 | 1579.48 | 0.0647 | 1676.13
3L/8 14.66 367.28 | 1570.33 | 0.0431 | 156887
vz | 1955 33092 | 163147 | 00216 | 1631.08
Tendons Xi LAy Fe (o Fi*Cos{w) [Fi**Sin{a}
Section {mm) (MPa) {kN} (rad) (kN} (kIN)
Support | 0.00 202.27 | 169634 | 0.0208 | 168597 | 35.34
g | 489 35415 | 150238 | 00156 | 1592.19 | 24.88
e 9.78 336.03 | 162283 | 0.0104 | 162274 | 16.91
aLs 14.66 32464 | 164197 | 00052 | 1641.95 | 8.55
U2 19,56 269,01 | 173543 | 0.0000 | 173543 0.00
SUM 1tos[  Xi *F; Fj*Cos{e) Yp=F]*Sin{ €ave | M = ZFCos(u) ey
Section {mm) (kN) {kN) (kN) (m) {kNm}
“Support | 0.0 | 9834.01 | 9764.75| _1046.98] 0.05 523.5
s | 489 | 933569 | 928813 841.16) 0.37 3399.0
4 | ove 9394.01 9369.75| 697.47| 059 5567.9 -
a3 1466 | 9243.09 | 6234.61] 338.02| 073 6772.5
L2 | 1955 | 939060 | 9389.t6 9159 0.78 73213
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Exterlor Girder

Tendonl|  Xi EAgr F () | Fi'*Cos{e} [Fj *Sin(e)
Section | (mm) (MPa) (kN) {rad) (kN) (kN)
Support | 0.00 | 368.83 | 158452 | 01825 | 1666,20 | 287.60
Lig 4.89 373 1560.49 | 0.1376 | 1545.75 | 213.98
4 | o7e | 3e473 | 157462 | 00920 | 1667.96 | 14470
3L/8 | 14.68 398,30 | 152167 | 0.0461 151096 [ 70.14

YA 18.55 24771 | 143520 | 0.0000 | 143520 0.00
Tendon2| X EAgr Fe {c) Fi*Cos{u) [FJ**Sin(c)
Section {mm} (MPa) (kN}) {rad) (kN) {kN)
Supporl | 0.00 | 343.20 | 161064 | 0.1530 | 1591.83 [ 246.39

Us | 489 | 386.18 | 157218 | 0.1507 | 1664.37 | 235.00
L4 9.78 364,14 | 157561 | 01134 | 156549 | 178.26
Y 14.86 378.89 | 165082 | 0.0758 | 154637 | 117.39
L2 19.55 42140 | 147841 | 00379 | 1478.35 | 58.11

Tendon3|  Xi Shgr £ (w | Fi*Cos{o) [Fi™*Sin(a)
Section {mm) {MPa) (kN) (rad) (kN) {&N)
“Support | 0.00 354.44 | 1691.9¢ | 0.1185 | 1580.73 | 188.23

L8 | 488 | 41045 | 1497.80 | 0.0891 | 1491.86 | 133.24
Li4 9.78 43240 | 1460.93 | 0.0585 | 145634 | B86.83
3LUs 14,66 43584 | 145514 [ 00298 | 145450 | 43.30

L2 "19.55 42561 | 147233 | 00000 | 147233 | 000
Tendond|  Xi Thy F (o) Fi**Cos{e} |Fi *Sin{a)
Section | (mm) {MPa} (kN {rad) (kN} (kN)
Support | 0.00 | 306.58 | 167231 | 0.0861 | 1688.11 | 143.84

L8 489 | 38313 | 157731 | 0.0847 [ 1574.01 [ 101.82
4 978 370.88 | 1564.20 | 0.0431 | 1562.83 | 6746
s | 14.66 36551 | 1673.31 | 0.0216 | 1572.94 [ 3395

L2 19.55 34517 | 1607.48 | 0.0000 [ 1607.48 0.00
Tendon5 Xi EAgr F ) FJ°*Cos(e) [Fi*Sin(w)
Section | (mm} {MPa) (kN) {rad) (kN) (kN)
“Supporl | 0.00 | 303.00 | _1678.31 | 0.0874 | 1671.90 | 146.55

L/8 4.89 350.54 | 1583.33 | 0.0861 1577.46 | 136.19
Li4 9.78 364.25 | 157541 | 0.0847 | 157212 | 101.79
3L/8 14.66 356.85 | 1587.85 | 0.0431 | 1586.37 | 68.48
L2 1955 | 33520 | 1624.08 | 0.0216 | 1623.70 | 35.04

[Tendons|  xi P AT Fe @ | FrCos(o) [Fr-Sin{o)
Section | (mm} (MPa) (k) {rad) {kN) (kN)
Supporl | 000 | 20227 | 1696.34 | 00208 | 169557 ] 3534
Us | a8 34846 | 160184 | 0.0156 | 160176 | 25.08
U4 | 978 | 33845 | 161876 | 00104 | 161867 | 10.57

38 14.66 314.21 | 1650.48 | 00062 | 165946 | 865
Lz~ 10556 | 27337 | i728i0 | 0.0000 | 172810 | ©.00

SUM 1tob Xi - ZF Fj*Cos{a) [/p=FJ*Sin{ Eeapn | M, = ZF,COS(c)* Beap
Section {mm) (kN} (kNj (kN) {m) {kNm)
Support | 0.00_ | 9834.01 | 9764.75] 1046.88|  0.05 5235
‘w8 | 489 | 930305 [ 9345.20] 846.35| 037 3419.9

978 | os69.61 | 9345.42| 53581| 0.58 66535
3L/ | 1486 | 934817 | 933060| 34180 073 6849.5
L2 | 1955 | 9346.60 9345.15 91.16] 078 7286.9
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5. FIBRE STRESS CHECK:

Formula:
F Fe M, F Fe M,
Top fibre;  f,, =~ - —— + —L& Bottom fiore  f,, = — + —— — —2&
A § S, A S, S,
Note (+): Compressiontresses ; (-} Tension stresses
Concrete strength at transfer fei'=09fc= 40.50 MPa
Comprresion stress Limit at transfer 0.6 fci' = 24.30 MPa
Tension stress Limit at transfer  0.25 SQRT(fci') < 1.38 = -1.38 MPa (5.9.4.1.2-1)
Setion|  Xi A St sb [FI*Cos(e} e Mo fy fi Kiém tra
{mm) {mm2} {mm3) {mm3}) (kN) {mm) (kNm) | (MPa) | (MPa) fi fii
irdereny O 1.60E+06 | 5.80E+08 | 5.63E+08(11240.88] 5361 | 0.00 598 | 8.09 OK OK
Supportl 300 | 1.60E+06 | 5.80E+08 | 5.63E+08|11268.60| 53.61 | 0.00 599 | 81 OK oK
L/& | 5188 | 1.01E+06 | 4.70E+08 | 4.67E+08(11573.19| 365.95 | 2194.47 | 7.07 1577 | OK oK
L4 | 10075 | 9.37E+05 | 4.54E+08 | 4.55E+08|11833.46| 594,24 376195 544 | 19.82 OK oK
3U/8 | 14963 | 9.37E+05 | 4.54E+08 | 4,55E+08111913.08| 733.38 4702.43| 3.84 21.59 OK OK
L2 | 19850 | 9.37E+05 | 4.54E+08 | 4.55E+08|11609.25| 779.76 | 5015.93 1 3.51 21.27 OK OK
5.2 Stress check during contruction the deck:
5.2.1 Increase load:
Exterior Diaphragms beam DCyn1 = 95.90 (kN)
Interior Diaphragms beam DCyny = 68.82 (kN)
Precast plank DCyw = 3.46 (kN/m)
Wet concrete of deck DCe = 13.33 (kN/m)
5.2.2 Stress check:
Compression strength of concrete fc = 45.00 MPa
Compression stress limit 0.45fc = 20.25 MPa (5.9.4.2.1-1)
Tension stress limit 0.5 SQRT(fc) = -3.35 MPa (5.9.4.2.2-1)
Setion Xi A St Sh Fi e MDC fﬁ fbj . Klém tra
{mm) (mm?2} {mm3}) {mm3) (kN) {mm) (kNm) | (MPa) | (MPa} i fui -
birderen| 0 .| 1.60E+06 | 5.80E+08 | 5.63E+08|11240.88| 53.61 0.00 | 598 8.09 OK Ok :
Supportt 300 | 1.60E+06 | 5.80E+08 | 5.63E+08)11266.60| 53.61 | 0.00 5.99 8.11 OK | OK:
 1/8 | 5188 | 1.01E+08 | 4.70E+0814.67E+08|11573.19| 365.95 4859.30 | 12.73 10.07 | OK OK
/4 | 10075 | 9.37E+05 | 4.54E+08 | 4.55E+08|11833.45] 594.24 6419.88 | 11.28 13.98 OK oK’
3L/8 | 14963 | 9.37E+05 | 4.54E+08 | 4.55E+08|11913.08| 733.38 | 8024.85 | 11.15 14.28 OK ~OK
L/2 | 19850 | 9.37E+05 | 4.54E+08 | 4.55E+08|11609.25| 779.76 | 8559.84 | 11.31 13.47 OK OK
5.3 Stress check at the top fibre of Girder - Service state :
5.3.1 Due to prestressing tendon and self weigh of girder - Service limit stage I
Compression Stress Limit: 0.45fc = 20.25 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa
f :Ppe__Ppeec+Mg+Ms+M51J.L
o a4, S, S,
Interior Girder 4
. Xi A S Sy Pge Ppe'ec | Mg+ Mg | Mgp fi Check
Setion |—- - - : - - P -
(mm) {mm2} {mm3) {mm3) (kN) (kNm) (kNm) | (kNm) | (MPa) fi
Support] 300 1.60E+06| 5.80E+08| 1.40E+09| 9764.75|  523.53 0.00 0.00 5193 OK
| /8 | 5188 | 1.01E+06]| 4.70E+08| 1.37E+09] 9288.13| 3398.00| 3744.93 767.64| 10.451 CK
/4 | 10075 | 9.37E+05| 4.54E+08| 1.37E+09] 9369.75| 5567.91| 6419.88) 131595 12.836 OK
3L/8 | 14963 | 9.37E+05| 4.54E+08| 1.37E+09| 9234.61| 677246| 8024.85| 1644.93] 13.813 oK
L/2 | 19850 | 9.37E+05| 4.54E+08| 1.37E+09| 9389.16] 7321.25| B8559.84{ 1754.60| 14.028] OK
Exterior Girder
Setion Xi A St Sy Pps .Pp"*e° Mg + Mi, MsoL f Check
(mm) (mm2) (mm3) (mm3) (kN) {kNm) (kNm) | (kNm) | (MPa) fy
Support| 300 1.60E+06| 5.8E+08| 1.4E+09| 9764.75[ 523.53 0.00) 0.00 5193] OK
/8 | 5188 | 1.01E+06| 4,7E+08| 1.37E+09] 9345.20| 3419.88( 3526.88) 829.50| 10.045] OK
L4 | 10075 | 9.37E+05| 4.54E+08| 1.37E+09| 9345.42, 5553.45 6046.08( 1422.01 12.097 OK
3U/8 | 14963 | 9.37E+05| 4.54E+08| 1.37E+09| 9339.60| 6849.45| 7557.61| 1777.51] 12.825( OK
L/2 | 19850 | 9.37E+05| 4.54E+08] 1.37E+09| 9345.15] 72856.94] 8061.45] 1896.01] 13.063] OK
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5.3.2 Due to 1/2 (Prestressing tendon + self weigh of girder) and Live load - Service limit stage i:

Compression Stress Limit: 0.40 fc = 18.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa
/=0 5(]_)”5_]1wev +Mg + M, +MSI)I,]+M1J.
\ .
A S, S S hY
Interior Girder ! ! & g
setion| - N | A | S Sy Ppo | Ppo'ec | Mg+Ms| Msp | My f . |Check
{mm} (mm2) {mm3) (mm3) (kN} {kNm} (kNm) | (kNm) | (kNm) (MPa} f
Supporl] 300 | 1.60E+06| 5.80E+08| 1.40E+09( 9764.75| 523.53 0.00] 0.00 0.00] 2597 OK
/8 | 5188 | 1.01E+06| 4.70E+08| 1.37E+00| 9288.13| 3399.00| 3744.93| 767.64 1729.13 6.489] OK
/4| 10075 | 9.37E+05| 4.54E+08| 1.37TE+09| 9369.75| 5567.91| 6419.88| 1315.95¢ 2934.11 8.560; OK
3L/8 | 14963 | 9.37E+05| 4.54E+08| 1.37E+09| 9234.81| 6772.46| 8024.85| 1644.93 3632.11 9.558] OK
L/2 | 19850 | 9.37E+05| 4.54E+08| 1.37E+09| 9389.16| 7321.25| 8558.84| 1754.60] 3840.27 9.817] OK
Exterior Girder
Setion Xi | A S Sy Ppe Pro"€c | Mg+ Ms | Msp | My f  |Check
(mim) (mm2) (mm3}) (mm3) {kN) {kNm) (kNm) | (kNm) | {kNm) (MPa) fi
Support] 300 | 1601984.6] 5.8E+08| 1.4E+09| 9764.75| 523.53| =~ 0.00 0.00[ 0.00 2597 OK
L/8 5188 | 1014590.0| _4.7E+08( 1.37E+09| 9345.20f 3419.88)| 3526.88] 829.50 2036.79 6.510) OK
L/4 | 10075 | 936850.0| 4.54E+08| 1.37E+09] 9345.42| 5553.45| 6046.08| 1422.01; 3454.48( 8570} OK
3L/8 | 14963 | 936850.0{ 4.54E+08| 1.37E+09| 9330.60| 6849.45| 7557.61)| 1777.51( 4276.27 9.533] OK
L2 | 19850 | 936850.0| 4.54E+08| 1.37E+09] 9345.15| 7286.94] B8061.45] 1896.01| 4521.35 9.832] OK
5.3.3 Due to prestressing tendon + self weigh of girder + live load - Service limit stage I:
Compression Stress Limit: 0.60fc= 27.00 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*3QRT(fc) = -3.35 MPa
f= i_Prwec_,_Ms + M, +Ms:)1. +MLL
f
A S, S, .S'rg S,g
Interior Girder
Sétion |- Al A S Sy Pre | Ppe'€c | Mg+ M| Mg M f  .jCheck
. {mm),| (mm2) (mm3) (mm3) (kN} (kNm) (KNm) | (kNm) | (kNm) (MPa) +|-
Support] 300:.} 1.60E+06| 5.80E+08| 1.40E+09( 9764.75 523.53| 0.00 0.00f  0.00 51931 OK
L/ | 5188 1.01E+06| 4.70E+08| 1.37E+09| 9288.13| 3399.00) 3744.93| 767.64 1729.13]  11.715| O©OK
_L/a §10075.| 9.37E+05| 4.54E+08| 1.37E+09| 9369.75| 5567.91| 6419.88| 1315.95 2934.11] 149781 OK
3L/8 | 14963'| 9.37E+05| 4.54E+08| 1.37E+08| 9234.61| 6772.46; 8024.85 1644.93| 3632.11] 16.464] OK
L2 | 19850 | 9.37E+05| 4.54E+08| 1.37E+09| 9380.16| 7321.25| 8559.84| 1754.60] 3840.27| 16.831[ OK
Exterior Girder
s X | A ] S ] Sg | Pw | Pec [MetMT Mo [ My [ f [Check
(mm) {mm2) (mm3) (mm3) (kN} (kNrn) (kNm) | (kNm) | (kNm} (MPa) fy
Supporf 300 1.60E+06| 5.B0E+08| 1.40E+09)| 9764.75| 523.53 0.00 0.00 0.00] 5193 OK
/s ! 5188 | 1.01E+08| 4.70E+08| 1.37E+09| 9345.201 3419.88) 3526.88| 829.50| 2035.79 11.532] OK
L/4 | 10075 | 9.37E+05| 4.54E+08| 1.37E+09| 9345.42| 5553.45| 6046.08| 1422.01) 3454.48; 14.619 OK
3L/8 | 14963 | 9.37E+05| 4.54E+08| 1.37E+09| 9339.60 6849.45) 7557.61) 1777.51 4276.27] 15946 OK
172" | 19850 | ©.37E+05| 4.54E+08| 1.37E+09| 9345.15| 7286.94| 8061.45] 1896.01{ 4521.35] 16.363] OK
5.4 Stress check at the fop fibre of deck - Service state:
5.4.1 Due to additional load (dead load part 2) - Service limit stage k
Compression Stress Limit: 0.45 fc = 15.75 MPa - (5.9.4.2.1-1)
f — M SDi.
" Sln
Setion Xi MSDL (kNm) Sie (MmM3) fi(MPa) Check
(mm) in.Girder | Ex.Girder | in.Girder | Ex.Girder | in.Girder |Ex.Girdei in.Girder jEx.Girder
Support 300.00 0.00 0.001 9.6E+08| 9.57E+08 0.000] 0.000] OK oK
L/8 5187.50 767.64( 829.50( 9.1E+08|9.06E+08 0.848| 0.916] OK oK
L/4 10075.00 1315.95| 1422.01| 9E+08[9.01E+08|  1.461 1578 OK OK
_3L/8 | 14962.50| 1644.93| 1777.51| 9E+08)9.01E+08 1826 1973 OK | OK
L2 19850.00( 1754.60] 1896.01| 9E+08]|9.01E+08 1.948| 2.105] OK OK
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5.4.2 Due to additional load (dead load part 2) and live load - Service limit stage |

Compression Stress Limit: 06fc= 21.00 MPa (5.9.4.2.1-1)
- M spt M J22
13 3‘1c
Setion Xi MSDL + MLL {(kNmj}) S, (Mma3) f,(MPa) Check
{mm} in.Girder | Ex.Girder | in.Girder { Ex.Girder | in.Girder lEx.Girder in.Girder | Ex.Girder
Support 30000  0.00 0.00| 9.6E+08| 9.57E+08 0.000] 0.000] OK _OK
L/ | 5187.50| 2496.76| 286530| 9.1E+08|9.06E+08| 2.757] 3.164] OK oK
L/4 10075.00| 4250.06| 4876.49| SE+08|9.01E+08 4718 5414 OK oK
_3L/8 | 14962.50Q) 5277.04| 6053.78| OE+08|9.01E+08 5858 6.721] OK | OK
L2 19850.00] 5594.87| 6417.36| 9E+08]9.01E+08 6211 7.124] OK OK
5.5 Stress check at the bottom fibre of girder - Service I}l (stage Ill):
Compression Stress Limit; 0.45fc= 20.25 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa (56.9.4.2.1-1}
7 i+ Pﬂtec _Mg +M, _MSDL'*"O-SML:.
b
Interior Girder 4 Sh Sp She
Setion Xi A . Sp S . Ppe Ppe*ec Mg + M, Mspy, My, o Chele”
{mm) (mmz2) {mm3) {mm3) (kN) (kNm) (KNm) | (kNm) | (kNm) (MPa) fy
Support] 300 1.60E+06; 5.63E+08| 8.09E+08| 9764.75| 523.53 0.00 0.00 0.00) 7.025| OK
_L/8 | 5188 | 1.01E+06| 4.67E+08] 6.47E+08 9288.13 3390.00| 3744.93| 767.64| 1729.13 5.091] OK
L/4 | 100751 9.37E+05| 4.55E+08| 6.23E+08| 9369.75| 5567.91| 6419.88| 1315.95| 2934.11 22501 OK
_3L/8 114963 7937E+05 4.55E+08| 6.23E+08 9234.61| 6772.46 8024.85| 1644.93} 3632.11 -0.1891 OK
IJ2 {19850 | 9.37E+05| 4.55E+08| 6.23E+08| 9389.16| 7321.25| 8559.84| 1754.60] 3840.27 -0.448) OK
Exterior Girder
Sefion | A | S St Poo | Poc'ec | Mg+ M| Mgp | My fo  |Check
{mrm}) {mm2} (mm3) (mm3) (kN) (kNm}) (MNm} | (kNm) | (kNm}) (MPa) fy
Supportl 300 | 1.60E+06| 5.63E+08| 8.00E+08| 9764.75) 523.53 0.00 0.00] 000 7.025 OK
b8 5188| 1.01E+06 4.67E+08| 6.47E+08| 9345.20| 3419.88| 3526.88| 829.50 2035.79 5.184] OK
L/a 110075} 9.37E+05| 4 55E+08| 6.23E+08| 9345.42| 5553.45| 6046.08( 1422.01| 3454.48)  2.176] OK
 3L/8 | 14963 | 9.37E+05| 4.55E+08| 6.23E+08| 9339.60| 6849.45( 7557.61( 1777.51 4276.27| 0.071 _ OK
Lz | 19850 | 9.37E+05| 4.55E+08| 6.23E+08| 9345.15] 7286.94] B8061.45| 1896.01| 4521.35 -0.574;- OK
5.6 Stress check at the bottom fibre of girder - Service | (stage Hl):
Compression Stress Limit: 0.45fc= 20.25 MPa (5.9.4.2.1-1)
Tension Stress Limit: - 0.5*SQRT(fc) = -3.35 MPa {5.9.4.2.1-1)
£ = B N P,m,en M M Mg, +M,,
=
Interior Girder 4 S, Sy She
setion |- X Lo A L S L S | Pao | Plec | MgtM.) Moo | My | % Check
{mm} (mm2) (mm3) (mm3) (kN) (KNm} (kNm} | (KNm) | (kiNm) (MPa) fy
Supportl 300 | 1.60E-+06 | 5.63E+08 | 8.09E+08] 9764.75 | 523.53 | 0.00 0.00 0.00 7.025] OK
1/8 | 5188 | 1.01E+06 | 4.67E+08 | 6.47E+08 | 9288.13 | 3399.00 | 3744.93 767.64 172013 4557 OK
L/4 | 10075 | 9.37E+05 | 4.55E+08 | 6.23E+08 | 9369.75 | 5567.91 [ 6419.88 | 1315.95| 2934.11 1.309] OK
3L/8 | 14963 | 9.37E+05 | 4.55E+08 6.23E+08| 9234.61 | 6772.46 | 8024.85 | 1644.93| 3632.11| ~-1.364] OK
L2 | 19850 | 9.37E+05 | 4.55E+08 [ 6.23E+08 | 9389.16 | 7321.25 | 8550.84 | 1754.60| 3840.27 -1.679] OK
Exterior Girder
Setion |—2 A Sb Sve Pre Ppe'€c | Mg+ M [ Mgy M f  |Check
(mm) {(mm2) {mm3) {mm3) {kN) (kNm) (kNm) | (kNm) | {(kNm) (MPa) fy
Supportt 300 | 1.60E+06 | 5.63E+08 | 8.09E+08 | 9764.75 | 523.53 0.00 0.00 0.00 | 7.025f OK
L/8 5188 | 1.01E+06 | 4.67E+08 | 6.47E+08 | 9345.20 | 3419.88 | 3526.88 [ 829.50 | 2035.79 " 4.555 oK
Li4 | 10075 | 9.37E+05 | 4.55E+08 6.23E+08! 9345.42 | 5553.45 | 6046.08 | 1422.01| 3454.48 1.068| OK
3L/8 | 14963 | 9.37E+05 | 4.565E+08 | 6.23E+08| 9330.60 | 6849.45 | 7557.61 | 1777.51( 4276.27 | -1.301| OK
L/2 | 19850 | 9.37E+05 | 4.55E+08 | 6.23E+08| 9345.15 | 7286.94 | 8061.45 | 1886.01| 4521.35 -2.025| OK

Page 18.



22TCN272-05; AASHTO LRFD 2nd - 1998

_|Resistance factors for shear
. |Resistance factors for axial force

" |stress block factor

REINFORCEMENT OF GIRDER CHECKING - STRENGTH LOAD COMBINATION 1l
MATERIALS
NORMAL CONCRETE . . b
~fc __[Compressive Strength of concrote at 28 days - | Mpa | 45 A M o & _
__Ec __[Modulus of Elasticity e o Mpa 33915 EI i ® :L; J 3
___ K |Modulus of Rwptyre Mpa 4.2 ', > W u
__gc |Unit weight of concrete o o ~ KNim3 240 gt _Lol-—- iy L.
PRESTRESSING STEEL -
fpu Fensile slrength of presiressing steel _ Mpa 1860 = Bla «
fpy__ . _1Yield strength of presiressing steet - | Mpa 1674
Ep Madulus of Elasticity Mpa 197000
REINFORCEMENT hoe
~fy____|Yield strength B Mpa 400 A Rosips
Es Madulus of Edasticity o Mpa 200000 ’E‘LT oy —
nc___|Ralio Es/Ec g S oleees) - dsks
Sign Parameters Unit Section
Support | L/8 [ L4 | 3L/ [ Li2
INTERNAL FORCES AT SECTION
. |Combination L o Strength Strength | Slrength Strength Strength
_Qu Shear . b RN ] 22032 1746 1268 . 801 342
 Mu_|Flexural Moment kNm 0 N 15540 19351 | 20571
Nu Axialload o KN | I
Tu Torsional Moment kNm
6.1 FLEXURAL MOMENT CHECKING
H Section height m 2300 2.300
_..ds__ 1Dis. From comp. fiber to cenlroid of comp. Reinf ; e 0.062 0,082
dix Dis. From fiber to centraid of tension Reint m 0,082 0.062
o |Covertoyemt T —m 0.040 0040
___ds__ |Dis. From comp. fiber to centroid of tension Reinf - m _2x8l 2238
Dis. From comp, fiber to cenlroid of comp. prestressing steel m__ 0.000] 0.000
Dis. From tens. fiber to centroid of tension prestressing steel U I m 1.012 0.687
Dis. From comp. fiber o centroid of tension prestressing steel m 1.288| 1.613
Width of the comprassion face of member m 2249 2248
_|Wveb width or diameter of a circular seclion m. 0.750 0352
| Compression flange depth m 0.200 0.200
Moment of inertia of section el ma 1.069 0.916
Section area e 2 2,068 1.480
N Steel choice - __ . _
Tension prestressingsteel . PStpe | 12Ti5.2 _..12T115.2
Aps . Nurmber tendons 6| B
I Area m2 __0bodoos 0.01008
e P.S type 07000
A'ps _ Number fendons | _ .0
. L o - MArea - m2 0.00000
Tension Reinforcement ___  ___ MNumber bars -1
As . _ Diameter mm R -] N
o e o Area mz2 | 0.00121
Compression Reinforcement . Number bars 4
A's L Diameter mm a2
B Area -~ m2 0.00045]
Shear reinforcement - B Number |  bars L2
AT e oew e . Diameter .mm_ 15
- - - CArea m2 0.00040 Q.
Resistance factors for flexure 5542 090

File:140 Girdet(70) x1s-Sheet:6a.81r-Check section

_.|Dis. Between cenlroid and top fiber .m
R For T seclion behaviar m
. . For rectangular section behavior m B
fpe Etfective stress in the presiressing steel after losses Mpa
Ips Aver, slress in pres. steel at the time for which the nominal resistance Mpa
k. Factor depends on type of P.5, Low relaxation strand k = 0.28
___a _ _ |Depth of equivalent stress black o m_
_de Corresp. effective depth from extreme comp. fiber — .
to centroid of tensile force in the tensile reinf. m
Mn Nominal resistance ) , L _KNm i
Mr Factored reistance kNm
Mu Flexual moment KNm
.{8.73.2) |Flexural moment Checking e -
Limits for reinforcement T R R
—_cide  |Maximum reinforcement 0.33| 0.40 0,39 037 037
|Maximum reinforcement Checking _ <=0.42 OK OK L oKl oKl 0OK
tmin Mimimum reinforcement R 0.06% 0.08% 0.09% 0.09% _0.09%
Mimimum reinforcement Checking for RC 0.34% N.a N.a N.a Na] ~  Na
1.2*Mer |Crakingmoment kNm 2896 2814 _2886) 2911 2918
(5.7.3.3.2) [Checking Mr>=min{1.2Mcr,1.33Mu) o _ . OK OK OK OK OK,
(5.8.3.5) Tensite force in steel should be satisfied - F_yc kN 2433) . BO10 11723 12874 12848
Checking As fy+Aps.fps >= F_yc Ok Ok Ck Okl Ok
Page:1/2
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"~ (57.5.4] [Conclrol of craking by distr, of relnf for RG member- Chack? |

___|Existing co
.| Coner. thickness fro. Tens. fiber to fens. reinf nearest
|Crack W|d!h parameter o

"opossl

30000

T Rite40 Girder(70).x1s-Sheet;6a.5tr-Check section

Printed:1/11/2013

- 0.043 _ooaf
o 220
3 ] 240
[Tensil stress in rainf_Min(fsa,0.6fy) _ Z _ 220
. Dist. From compression fiber to centroid o - - - - -
Jd Arm o _ - | - - - -
ler Moment of inertia of lhe cracked section - - . - e
s Tensile siress in reinforcement fs = Msls / {As*J. d) = - - - -
Checklng for control cracking fs<fsa N.a N.a N.a N.a N.a
(5.10.8.2) |8hrinkage and temperature Relnfocement {side distribution) o . If
Areq__ |Area of required reinf T .m2 0.00043]  0.00031 0,00029 0.00029 0.00029
_|Distribution on sides 10 D12 m2 0.00113 0.00113) 0.00113 0.00113 0.00113
Required Spacing not larger than m 045[ 0.45 0.45 0.45 0.45
Chscking oK oK QK OK OKX
6.2 SHEAR FORCE CHECKING
B Faclor indicating diag. cracked concr. te tension . 6.8 ... 68 6.8 6.5 6.8
0 |Angle of inclination of diaganal compressive degres _27.00 27.00| 27.00 27.00 27.00
o Angle of inclination of lransv. reinf. to long. Axis deqree 0 20 80 90 . 9Q
___.bv  |Effeclive web width as minimum web width - in dv m 0.750 0.352] 0.300 0.300 0.300
dv Etfective shear depth . m 1.656 1.666 1.670 1792 1.832
e tde-ary B m 1488l 1394 1.589 1.720 1.763
s _.__ |Spacing of slirreps m 0.150 0.150] . | 0.300 0.300 0.300
ncat Amount of bars in spacing S B bars 20 2 2 L2 2
___Av_ [Shearreinf area in spacing S B m2 0.0004 0.0004 0.0004 0.0004 __ b.ooc4
il Assume e 68 68 .. 68 6.8 6.8
8 |Assume - degree 27.00 __.21.00 27.00 27.00] 27.00]
v Shear stress in concrete kN/m2 1997) 3328 ... _.es815| 1657 _ .. 892
___fpo___|Paramefer iaken as ‘modulus of elasticity of presiressing tendans Mpa } 1629 1547 1526 1498| 1503
8y Strain in tensile reinforcement -ﬁ J9E-03 -3.76E-03 -2.17E-03 -1.57E-03 -1.861E-03
if ex<0, multipte with reduce factor T 4.52E-04] . .-5.26E-04 ~3.47E-04 -2.52E-04 -2.57E-04
.. | Strain checking } e <=2.00E-3 Ok Qk Okl okl .. Ok
vifc Ratio of shear stress and fc o 0044) 0.074 __0.063 0.037) 0015
___ B ___|Finalvalue . 68 68 X1 6.8 6.8
L Final value degree 27.00 27.00 27.00 27.00 27,00
M Nominal shear resistance provided by tensile stresses in the concrete kN 4689 2200 1891 2029} 2075
Vs Shear resistance pravided by shear reinforcement kM 3501 3501 1766 1894 1937
| Vp___|Component inthe direction of the applied shear of the affective P. S, kN 0 0 0 ol .. 0
__ ¥t [vmisVet+Vs+vp e I 8190 5702 _ 3657 3928 4012
vinZ (vn2 -~ kid 13973 6568] 5636(" 6047
Nominal shear resistance Vn=min{vi1,vnz) - KN | 8190 . B702| 3857 3923
_vr___[Factored shear resistance o o kN 737 5132 3281 3531
Shear KN 2232 1746 1289 801
{5.8.2.7) |Shear checking o ___ OK| QK OKy.. . OK
B |Re Itmrggg]rln transverse reint Checking Need| Need  Need __'___ﬂo_ge_eq
___ |Minimum shea ; m2 0,0002 o.gcor): 0.0001
__|Mimimum shear reinforcement Checking 0K OK}: -
ot Tetbvrdy kN 5588 _....2285 2419 -
Smax m 0.80 0.60 0.60
Maximum spaclng Smax OK OK - -
Page:2/2
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TYPICAL CACULATION Design
DETAIL DESIGN Check
CONTINUITY JOINT Revise
22TCN272-05; AASHTO LRFD 2nd - 1998
1 GENERAL DATA k) 7]
A CONTNUITY KOINT l&
|
4 | DA
~ BEAM | ! BEANS] e
i
|
1,1.Dimension data J"
LEFT SPAN ‘ RIGHT SPAN
ITEM SYMBOL [VALUES UNITS “ITEM SYMBOL |VALUES (|UNITS
Length of [eft span - A 33tm |Length of right span Lr _ 33m
Caculation length Lt 32.1{m Cacuiation length o |Ltr 32.1|m
Depth of pavement t __0.084/m Depth of pavement t 0.084|m-
Depth of deck slab d : 0.22|m Depth of deck slab d 0.22|m
Bridge width B 12.74|m Bridge with __|B 12.74m L
Lane width_ Bl 11.75|m Lane with Bl 1.75|m .
Parapet width B2 0.5|m Parapet with B2 i 0.5|m _
Number of lane N 3 Number of lane N1 3
Muntiple lane factor m 0.85 Muntiple lane factor m 0.85
1.2.Matevial data :
Compressive Strength at 28 days of deck slab concrete fe'= 35 Mpa
Modulus of elasticity Ec= 31799 Mpa
Modulus of Rupture fr= 3.73 Mpa
Unit weight of concrete go= 2500 kg/m3
Compressive Strength at 28 days of beam concrete fio= 40 Mpa
1.3.8elf welght of supersiructere
LEFT SPAN RIGHT SPAN
ITEM SYMBOL |VALUES UNITS ITEM SYMBOL |VALUES |UNITS
Number of girder nl ) 5 Number of girder nr 5
Weight of girder Gde 603.44 KN Weight of girder Gde 60344/ KN
Unit weight of parapet Gdw 13.7]KN/m Unit weight of parapet Gdw 13.7|KN/m
)it CACULATE INTERNAL FORCES
2, L.Internal forces due to anguiar displacement
LEFT SPAN RIGHT SPAN
ITEM SYMBOL |VALUES UNITS ITEM SYMBOL |VALUES |UNITS
DC 103.1747|KN/m Dead load De 103.1747|KN/m
T LL " 757.60/KN/m  |Live load _ LL 57.60{KN/m___;
P 160.78| KN/m -~ |Uniformload P 160.78 (KN/m
Coefficient of space | L 1.00[ ~ [Coefficientofspace  |n | 1.00
Modulus of elasticity E 33994.48|Mpa Modulys of elasticity E 33994.48|Mpa
Equivalent moment of inertigJ 2.19|m4 Equivalent moment of inestilJ 2.19[m4
[Angular displaceinent ® 0.002980408 |rad Angular displacement @ 0.00298041 |rad
Calculated length of continuity joint Lb= 1.803 m
Reduction factor of rigidity k 0.8
Equivalent moment of inertia Jb 001130463 m4
Modulus of etasticity Eb 31799 Mpa
Bending moment of restrained section Mn -950.76 KN.m
Shear force at restrained section Qn 0 KN
Bending moment of middle section Mg 0 KN.m
2. 2. Internal forces due to slope of bridge
Weight of superstructure W 7685.0298 KN
Longitudinal grade i 2.000%
Number of superstiucture n 1
Nd 153.700596 KN
2.3. Internal forces due to live loads
Dynamic Load Allowance 1+IM 1.75
Weight of wheel load P 369.75 KN
Unifonn load of live load qLL 23.715 KN/m
Bending moment of restrained section Mn -124.37466 KN.m
Shear force at restrained section Q 340.634508 KN
Bending moment of middle section Mg 124.374662 KN.m
Shear force at middle section Qg 323.53125 KN
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2.4 Internal forces due to self weight _
Uniform lead q8 68.6686 KN/m
Bending moment of restrained section Mn © -14.88 KN.m
Shear force at restrained section Qn 49.52 KN
Bending moment of middle section Mg 11.16 KN.m
2.5.Internal forces due to pavement and parapet
Uniform load qPP 35.9075 KN/m
Bending moment of restrained section Mn -7.78 KNum
Shear force at restrained section Qn 25.90 KN
Bending moment of middle section Mg 5.84 KN.in
2.6.Internal forces due to Load of Temperature
Area of bearing Fb 0.175 m2
Number of bearing n 5
Height of bearing h 0.084 m
Friction coefficient of bearing I
Shear modulus of bearing Gp 981 KN/m2
Install temperature Yapdat 25.0°C
Maximal temparature inax 47.0 °C
Minimal temparature timin 10.0 °C
Compiessive force N= 76.64 kN
Tensile force N= 11241 kN
Number of bearing that acommonates displacement 5
111 TABLE SUMMARY FORCES
Loads
RESTRAINED COMP., |TENSILE
ITEM SECTION MIDDLE SECTION FORCE | FORCE
' M{KNm) | O KN) M (KN.m} Q (KN) KN KN
Angular displacement 950.8 0.0 0.0 0.0 '
Slope of bridge 5 0.0 0.0 0.0 0.0 153.7
Liveload e 124.4 340.6 1244 "323.5
Self weight of continuity joint 14.9 49.5 11.2 0.0
Load of pavement and parapet 7.8 25.9 5.8 0.0
Tentperature ) 76,6 112.4
Total 1097.8 416.1 124.4 323.5 230.3 112.4
Load factors
L.COMBINATION
LOADS Str-1A Ser-l
Angular displacement 1.25 1.00
Slope of bridge 1 1.25 1.00
Live load - o 1.75 | 1.00
Self weight of continuity joint 1.25
Load of pavementand parapet | 160 [ 1,
Temperature 0.50
Load combinations
RESTRAINED COMP. |TENSILE
LOAD COMBINATICNS SECTION MIDDLE SECTION FORCE | FORCE
M{KN.m) | Q(KN) M (KN.m) Q (KN) KN KN
Strength Str-[A 1436.4 696.9 240.4 566,2 230.4 56.2
Service | 1097,8 416.1 141.4 323.5 230.3 1124
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k

REINFORCEMENTS.CHECKING :

Materials
Normal concrete
fc  jCompressive Strength of concrete at 28 days Mpa _ 35
Ec _IModulus of Elasticity Mpa 29910
f Modulus of Rupture L B | Mpa .37
‘gc Uml weight of concrete o kN/m3 245
Reinforcement
fy  [Yield strength Mpa 400 1 ]
" Es _ |ModulusofElasticity Mpa 200000 R TV |
“ne Ratio Es/Ec 7 b=hw
Restrained section Middle section
internal forces at section
Combination . . _Swength | Service [ Strength | Service | i}
Qu__[Shear - 697 . alel  ses| 3]
Mu  [FlexualMoment o losg) 240
Nu  [Axial load e 230 230
Tu Torsional Moment
flexural Moment ch
~H |Section height i
ds Dis. From comp. fber&(.‘ﬁ[lj_l’?ld of comp. Remf b m . 0083]  0.083;
dix  {Dis, From tens. fiber to centroid of tension Reinf m 0.058] _
o (‘ ver o  reinf m 0050
ds DIS _From comp. fiber to centroid of tension Reinf m 0.162
_Rn Mu / (i*ds®) kN/m2 608128 418303 10176.4
b Widinofsection T T T Tm | 12740 12.740) _  12,740|
~ Am¢ _ |Sectionarea . ~ m2 _ 28031 2.803 2.803(
Chose o I T I o
Tension Reinforcement Number bars 83 8y 8
As Diameter mm 25 25 25
| I Area m2 0.04075 0.04075 0.04075
Compression Reinforcement ~~~ Number bars . ol 7
A Diameter mm_ sl 25 e8| eS|
B N __Area m2 0.00000]  0.00000 0 00000
‘| Shear reinforcement " Number bars 2 a1 21
Ak e Diameter mm weooooooa2 v
S Area m32 T 0.00238 0.00238]  0.00238] " 0.00238
1. . |Resistance factors for flexure _ 5.54.2 g9 100 090 . o
jv _ [Resistance factors for shear 0% 050 090 0.90f
bl |Swess block factor - o 0800 0800
¢ | Dis. Between centroid and top fiber m S 005 0054
_a Depth of equivalent stress block 43 oga3[ T
de__ |Comesp, effective depth from exireme comp. fiber ——
__|to centroid of tensile force in the tensile reinf. o162] ol 0.162 j
Mn | Nom!nql reststance L 2290 T 220|
_ Mr_Factored reistance 2290 2061
Mu Flexual moment 1098 N
(5.7.3.2) _|Flexural moment Checking B OK OK OK OK
- |Limits for retnforcement T ) o o
c/de  [Maximum reinforcement i 0B 0.33 0.33 0.33
o | inforcement | Checklng <=0.42 OK __ B _ OK| OK OK T
rmin M|m1mum1quq1cemem o _145% Taswt T i 1_215% I
. |Mimimunt reinforcement Checking 0.26% OK| COK| oK[ QK| -
. 1.2%Mer |Craking moment T eNm 460 B R R
(5.7.3.3.2) _|Checking Mr>=min(1.2Mcr,1.33Mu} OK| oK 0K OK |
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(5.7.3.4) [Concirol of craling by distr. of yeinf-check? B  Ne|  Yes| ...
_____ Existing condition for structrare_ T ] R | B
de |Cener, thickness fro, Tens. fiber to tens, reinf nea. _ - 0.050 0.050
“Z  |Crack width parameter 30000)  30000) |
A Area of concr. with same centroid as tens, reinf 00158 o015
fsa Value . e 328 328
o6ty | T . . ] -
__|Tensil stress in reinf Min(fsn,0.6fy) i 240 240
x _ |Depth of compr, arca - Assu. A's in compr. Area o - 0.066 o
N so assumtion is: i - _x<d’s o
Cler 1 Moment ofm_gt@ c»_fthe “cracked section _ _ . =1 0004] o
fs So tensil stress in reinf - -15
Checking for control cracking fs<fsa N.a OK
[ (5.10.8.2) _[Shrinkage and temperature Reinfocement o R o B
_Areq  [Area of tequired reinf s M2 0.00023 0.00023]  0.00023 0.00023|
Dlstrlbute reinff . 7 DI6 i m2 | 000141 000141 0.00141 0.00141
chpucd Spacing not larger | than b m o 045 045 o4s(
Checking 0K OK 0K OK

Shear and torsion checking

Factor indicating diag. cracked concr. to tension R 20

’ :i\ngle of inclination of diagonal compressive TTas500] T 4s.00]

-At‘i;l;i)fmc]manon of transv, reinf. to long. axis | _m_iﬁiﬂ- o 90
12,740 12,749

Effective web width as minitum web width - in dv

] Effective shear depth i 0458 O 158
__|Spacingofstirrups ) 06001 0. 600
t _|Amount of bars in spacing S L 1] E) |
Shearlemf‘area inspacingS _ 00024} 00024 00024 0
|Assume e 2ok 20
|Assume . ] ) 45 (}0 |
B Shear slress inconcrete o KNm2 o 2% L 229
|Strain in ntensilereinforcement |7 | L4B03[ 862804
B , multiple with reduce factor o B . - o
_ |swainchecking o 3T ok T ol
vife _ |Ratio of shear siress andfe oo 0.007
b Final value 20 2.0
. q Final value ) N degree 45.00 45,00
__|Mominal shear resistance in the concrete kN ) 1982 1982 1982 1982 i
_|Shear resistance prov, by shear reinforcement KN 251 251 251 251
Component in direct, of applied shear of prestres, kN 0 *| . 0 9 B
|val=vervsrvp o KN 2233 2233 2233 3333 ]
ez e kN 17658 17658 17658 A76es8(
N Nummal shear resistance Vn#mm(an VnZ) RN 223 2233 2233 2233 L
Factored shearresistance kN CTT Ta009)  2009( 2009 w8
Shear kN 697 416 566 324 -
Shear checking OK oK OK OK




CALCULATION SHEET

DECK SLAB




DA NANG - QUANG NGAI EXPRESSWAY PROJECT |ltem.  |Eng.  |Date.  |Sign.
TYPICAL CALCULATION Design
DETAIL DESIGN Check
DECK SLAB - I GIRDER Revise
CANTILEVER DECK SLAB
Fv
1. Cantilever design
14.6kN/m
o
=
Sign Unit Value 300
i
de m 1.170
— O =]
del m 0.770
do m 0.400
el m 0.870 ||
S m | 2.550
S0 m | 0.600 X
81 | m | 1950 -
hp m 0.084
hs m 0.207
gc kN/m3 | 24.50
gas kN/m3 22.50 a0 del S
de

Live load on cantilver S3.6.1.34

For the design of deck overhangs with a cantilever, not exceeding 1800 mm from the centerline of the exterior girder to
the face of a structurally continucus concrete railing, the outside row of wheel loads may be replaced with a uniformly
distributed line load of 14.6 N/mm intensity, located 300 mm from the face of the railing.

Lane load
Pedestrian load

Collision force to barries
Test Levels
Horziontal force
Distributed length
Vertical force
Horizontal length
Height of collision force

Distributed length of collision force in plan / 1m length of deck

)\(
\9
_ A
s
. %, . | Colision § )
@
a
E=
L Z__
%\{Lﬁ
= VA

File:DeckSlab_girder(S=2.55m).xls - sheet:Cantilever

Plan =
Pdb =

3.1 kN/m?2
0.0 kKN/m2

Ls
550 kN
244 m
355 kN
122 m
1.07 m

2.983 m
30 (degree)
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Cantilever Loads

Dead load of curb&handrail Plc = 13.7 kN/m
Dead load of pavement Plp = 0.9 kN/m
Design section for overhang slab from centerline of exterior girder Lse = 0.300 m <=0.38m
Loads Amc Li ei N Q M
 (m2) (m) (m) | (kV/m) | (kN/m) | (kNm/m)
Deck slab secl ~0.18] 100 0.435 4.4 1.9
o sec2 | 0.00f 100  0.000 0.0 0.0
~ Pavement ~004f  1oo| 0235 0.9 0.2
* Curb&handrail B 1.00] 0870 137 119
 Pedestrian 1.00|  0.000 0.0 0.0
'~ Lane load 1.00| 0235 L5 0.3
' Vehicle wheel  14.6kN/m 1.00[  0.170 14.6 2.5
_ Horizontal colision 100l 1070 eso| | 728
' Vertical collision 1000 0470 | 98 46
(Li: longitudinal calculation length, ei: distance from load to design section)
Modifcation factor N =Mp*Mr* N
Factor relating to ductility Mp= 1.00
Factor relating to redundancy Mg = 1.00
Factor relating to operational m= £.00
Modification factor n= 1.60
Loads Combinations
: Service | Strength | Extreme
Deck slab secl 1.00 1.25 1.25
s | roo| 125 125
“Pavement | too| 150 150
Cabthandiii [ roo| | i2s| L2
_ Pedestrian | o] 17
Laneload 1ol TS|
| Vehiclewheel | 100|219
Horizontal colli;ii(;ﬁi?:' ) 1.00
Verical collision | | 1.00
Load combinations N Q M
(kN/m) | (kKN/m) | (kNm/m)
Service 0.0 35.1 16.9
Strength B 00| 585 236
Extreme 68.0] 337 950

File:DeckSlab_lgirder(S=2.55m).xls - sheet:Cantilever
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INNER DECK SLAB
2
1. Dead load
03
. 0
| ol .
! S0
S0 51 i 51 I
T | i
S 5
<5.4.6.2.1.6>
Distance between long. Girder S= 2.55m
Distance between two supports So = 0.60 m
§1= 1.95 m
Deck slab
Unit weight of RC ge = 24,5 kN/m3
Thichkness of Deckslab t= 0.207 m
Deck strip for calculation = 1.0 m
Dead load of deckslab Pds = 5.1 kN/m
Pavement
Density gp= 22.5 kiN/m3
Thichkness of Pavement t= 0.084 m
Dead load of Pavement Pws = 1.9 kN/m
Parapet
Dead load of Curb&handrail at outside Ppa = 13.7 kN/m
Dead load of median strip Pme = 10.0 kN/m
q (kiN/m)
A R N i 7~ yaY A
Momens due to dead load are calculated base on:
M=q. /¢
With ¢ is constant, is taken as for positive cl= 10.0
for negative c2= 5.0
2. Live load
Liveload
Lane load for 1 lane Pl= 9.3 kN/m
Combine with (1Truck or 1Tandem)
Dynamic load allowance 1+IM = 1.25
Page:1/2
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Using equivalent Strip $4.62.1.3

Positive Moment

Width of primary strip for Wpo.strip = 660 + (.55 . 8
S= 1950 mm
Wpo.strip = 1733 mm
Lock up the unfactored in table A4.1 M= 22510 Nmm/mm
Negative Moment
Width of primary strip for Whne.strip = 1220+ 0.25 . 8
Whne.strip = 1708 mm
Dist. from CL of girder to sec. of Neg. &= 0.0 mm
Look up the unfactored in table A4.1 M= 23655 Nmm/mm
3. Combinations
Modifcation factor n = np*n*n
Factor relating to ductility Np~= 1.00
Factor relating to redundancy NR= 1.00
Factor relating to operational m= 1.00
Modification factor n= 1.00
Load combinations and load factors
Loads Sign Combination
Strength | Service
Deckslab o DC 125 1 1.00
Pavement | pw | 150 | 100
Parépet “ _ DC 125 | 100 -
Liveload ' LL | 175 1.00
Loads {(kNm/m})| Sign Moment
Unfactored load Positive | Negative
_Deckslab o DC 193 -2.41
~ Pavement ' DW o -0.90!
Parapet o DC | 208 260
Liveload LL 2251| -23.66
[Combination Moment
(KNm/m) Positive | Negative
Service 7 272 -29.6
Strength 45.5 -49.0

Page:2/2
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(. REINFORCEMENT CHECKING - CANTILEVER SLAB CHECK |
MATERIALS
NORMAL CONCRETE b
fc __|Compressive Strength of concrete at 28 days Mpa 35 s
Ec Modulus of Elasticity -~ _ Mpa 26910 I [ c;}_
fr  |Modulus of Rupture ) Mpa 3.7 =] [
g Unit weight of concrete ~ kN/fm3 245 Inghogtta |/ =
PRESTRESSING STEEL
fpu  |Tensile strength of prestressing steel Mpa 1860 =
__fpy  |Yield strength of prestressing stecl Mpa _ 1670
Ep Modulus of Elasticity Mpa 197000 s
REINFORCEMENT
fy  |Yield strength 7 _ Mpa [ 400 ks Aps s
" Es__|Modulus of Elasticily Mpa 200000 s 3|t
nc Ratio Es/Ec 7 =
Sign  [Parameters Unit Section - CANTILEVER SLAB
AA | AA AA | |
INTERNAL FORCES AT SECTION
~__ [Combination Strength  Service Extreme|, |
Qu  |Shear § L1 gl ¥
Mu Flexural Momemt kNm 247 17 951 o
Nu |Axial load ] KN 0 0 68 j
Tu Tozsional Moment kNm 0 0 0
FLEXURAL MOMENT CHECKING
~_H_ |Section height . - m 0200 0.200 0.200
d's Dis. From comp, fiber to centroid of comp. Reinf m 0.077 0.077 0.077 S
_dlx  |Dis. From tens. fiber to centroid of tension Reinf m
Cover to reinf o - m
__ds__ |Dis. From comp. fiber to centroid of tension Reinf m
d'ps " |Dis. From comp. fiber to sentroid of comp, preslressing.s(eerlwm m
dlxp |Dis. From tens. fiber to centroid of tension prestressingsteel | -~ m
i ». fiber to centreid of tension prestressing steek . m
b -\;\;’i_atilnc_)-i_'-l-h?c-ohpressiqn face of member 1.00¢ I 1.000 Loooy N o
bw ﬁ"e'b'widlh or diameter of a circular section _ Looo _Looof  1.000 )
__hf _|Compression flange depth ____bgeo)  0.000 0.000
Iz Moment of inertia of section 0001 0001 0.001| - ;77
Ame (Sectionarea e _.0200 0.200 0.200 R
Steel choice e L R
Tension prestress-ing steel P.S type N 0T00.0 0T0001 : :__
Aps ' o ____' ~ Number tendons | e __ ; _ o
| I _Ama | om2 . 0.00000| _ 0.00000 .
Compression preslressing stecl P.5 type I __0T00.0}  07T00.0
A'ps - Number tendons | . I i
1 Aea | m2 0.00000(  0.00000]  0.00000( o
‘Tension Reinforcement Number bars 7 1 7 )
As ) Diameter mm | 20 20 20
' ) Area m2 0.00220|  0.00220]  0.00220 ~
Compression Reinforcement Number bars B 0 0 0
A's o - ) Diameter mm 20 20 20 B
) Area m2 0.60000|  0.00000]  ©.00000| |
Shear reinforcement Number “bars ) 1 ] - 1 T
A'c N Diameter mm 14 14 14
] Area m 0.0005|  0.00015|  0.00015 )
[ Resistance factors for flexure o 5.54.2 0.90 1.00 1.00 o ~
v Resistance factors for shear 0.90 1.00 1.00
én Resistance factors for axial force B 1.00 1.00 1.00 o
p1 Stress block factor o o 0.800) 0800 0.800 ]
R Dis. Between centroid and top fiber m 0.037 0037 0037 T
- o For T section behavior - - m 0.037 0.037 0.037
For rectangular section behavior mn 0.037] 0037 0.037 o o
fpe  [Effective stress in the prestressing steel afler losses Mpa 1116 1116 1116 o
fps Aver. stress in pres. steel at the time for which the nominal resistancd  Mpa 1762 1762 1762 I
k Factor depends on type of P.S, Low relaxation strand k=0.28 0.28 0.28 0.28
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a Dﬁ;plh ofeqmva]cnlrsil!pgsibjock . m 0.030 0030 0.030 ) B
de [Corresp. effective depth from extreme com] 1 o o S e
o ccntrmd oflcnsﬂe force in the tensile reinf. m 0.148) 0.148 0.148| )
Mo |Nominalresistance SR SO RS ] OO ) SO e
Mr Factored reistance - e kNm 105 L L e )
Mu  |Flexual moment kNm 17 95
(5.7.3.2) |Flexural moment Checking - OK _OK ok |
| ~_Limits for reinforcement ) o
__&Mde Maximum remﬁ)rcement N 0.25 0.25) 0325
Maximum reinforcement Checking <=0.42 _OK OK OK B
rmin __(Mimimum reinforcement R 1.10% 110%f  1.10%
Mimimum reinforcement Checking for RC 0.26% OK OK OK
1.2*Mer [Craking moment o kNm 18 I8 8
(5.7.3.3.2) [Checking Mr>=min{1,2Mer,1 33\'111) . ) OK _OK| OK
(5.8.3.5) |[Tensile force in steel should be satisfied - F_yc kN 240 145 720 _ -
Checkmg As.fy+Aps.ips >=F_ye Ok Ok Ok
{5.7.3.4) |Conctrol of craking by distr, of reinf for RC member- Cheek? | No Yes Mo
) Existing condition for struetrure t2o0r3 1 1 1
dc Concr. thickness fro. Tens. fiber to tens, reinf nearest m 0052 0.052 0.052 ]
_Z Crack width parameter L Nmm_ | 36000 30000 30000 - B
A Artea of coner. with same centroid as tens. Reinf m2 0015  0.015 0.015
fsa  |Value CMpa | 327 327 -2 e
06y _ | Mpa 240 240 T2 -
| Tensil stress in reinf Min(fsa,0.6£) o Mpa | 240 240 2400 4 __
X Dist. From comypression fiber to centroid m - _ 0,054 S B
Jd_ |Am N L 4 m e 0.13 - -
ler  |Moment of inertia of the cracked section md - 0.00( -
fs Tensile stress in reinforcement fs = Msls / (As*].d) Mpa - 59 - 7
Checking for control eracking fs<fsa N.a OK N.a
(5.10.8.2) IShrinkage and femperature Reinfocement (side distribution) ) o
Areq |Area of required reinf B m2 0.00023 0.00023 o00023| .
|vistribution on sides 2D14 m2 0.00030)  0.00030{ 000030 |
7777777777 Required Spacing not larger than - |_.m 0.45 0.45 o
Checking OK OK o

Fite:DeckSlab_lgirder{§=2 53m).xls-Sheet:Cantilever Check
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DA NANG - QUANG NGAI EXPRESSWAY PROJECT Ttem. Eng. Date. Sign.
TYPICAL CALCULATION Design
DETAIL DESIGN Check
DECK SLAB - 1 GIRDER Revise
2XTCN272-05; AASHTO LRFD 2nd - 19938
(. REINFORCEMENT CHECKING - INNER SLAB CHECK |
MATERIALS
NORMAL CONCRETE b
fc Compressive Strength of concrete at 28 days | Mpa 35 A'S\ \
_Ec ModulusofBlasticity Mya 29910 " Ly o=
fr Modulus of Rupture o o o Mpa | 37 El Il
gc  1Unit weight of concrete N kN/m3 24.5 Ttoglia LES =
PRESTRESSING STEEL
_fpu  [Tensile strength of prestressing steel o Mpa 1860 - 3
fpy  |Yield strength of prestressing steel Mpa 1670
Ep Modulus of Elasticity Mpa 197000 oo
REINFORCEMENT
. Yield strength e | Mpa 400 | ke hpshps
_ s {Modulus of Elasticity o Mpa | 200000 = st
nc Ratio Es/Ec 7 “Te
Sign  |Parameters Unit Section - INNER SLAB
BB | BB | cc | cc
INTERNAL FORCES AT SECTION
________________ Combination e Stength)  Service)  Strength| | Servieel
Qu _|Shear o | w 0 0 0 ol
__Mu_ [Flexural Moment e kNm S - IO 7/ IR SRSRUUR: .. B
Nu  |Axial Joad o o kN 0 0 0 0 B
Tu _ jTorsional Moment kiNm 0 0 0 0
FLEXURAL MOMENT CHECKING
H Section height o [ .m 0.200 0.200 0.200 0.200
__d's  |Dis. From comp. fiber to centroid of comp. Reinf m 0.077) 0077) 0077 0077
dix  [Dis. From tens. fiber to centroid of tension Reinf _m 0.052 0.052 0.052 0052
o |Covertoreinf m Joosol oosof  oosol  eosol
,7,,‘:15, _ |Dis. From comp. fiber to cenlroid of tension Reint . m 0.148 0.148 0.148 0148y
|Dis. From comp. fiber to centroid ofcbmp. prestressing sic m 0.000 0000 0000 0000
Dis. From tens. fiber to centeoid of tension prestressingstcel | m |~ 0000/~ “e000| o000 0000]
. |Dis, From comp. fiber to centroid of tension prestressing stee! m | 2000 oa00f 0200 0200
b VWialil{(r)Wfﬂlih;compression face ofm_c_uEe_r__:____ ___;_____ | m o 1gool  kOOO)  1.000 ” f(ﬁ]i) ) 777 -
_ bw  {Web width or diameter of a circular section | m 1.000 1.000 1.000  1LODO[
_ bf |Compression flange depth | m 0.000 0.000 0000 0000
Iz |Moment of inertia of section | mé | oooo7 ooc07| 00007 00007
Amc_ |Section rea . o m2 0.200 02c0| 0200 0200 -
i Steel choice i ) o N ; o
Tension prestressing steel . PStpe o 0°To0.0 01000 0TO0.0|  OToRO
Aps 7: o ,,,,_,,,,,7,:,,,,,, L o Number tendons [ 0| o 0 0
| e T me | osiom|  ooooo|  oatss| “odocoo]
Compression prestressingsteel  PStype | | 0T0o00| 0T000| 0T000| 0Te00}
Aps | _____________::;__ o ~ Number tendens o o  0of 0
- Area m2 o00000f  0000D0|  0ocool  ooooo|
Tension Reinforcement o _Number _bars 7 717 7
As | _ Diameter mm [ 20f 200 o200 20
B Area m2 0.00220|  0.00220|  0.00220{  0.00220
~ Number | bas 0 0 0 D .
As | )  Diameter mm 20 20 20 20
N - Area m2 000000  0.00000f  0.00000|  0.00000|
Shear reinforcement ) Number _ | bams 1 1 1 1
Ale ) Diameter inm 14 14 laf 14 B
| - Arca m2 000015}  ooo0015|  ooo0is|  ooools|
% Resistance factors for flexure L | 5542 0.90 1.00 0.90 1.00
Ll Resistance factors for shear 090 1.00 0.90 1.00 N
o Resistance factors for axial force B 1.00 Loy o 100 100
L Stress block factor o 0.800 0.800 0.800 0.800
¢ |Dis. Between centroid and top fiber | m 0.037 0.037 0.037 0.037
B For T section behavior ) m 0037 0.037 0.037 0.037 N
_ Far rectangular section behavier m 0.037 0.037 0037 0037
_fpe _ |Effective stress in the prestressing steel after losses | Mpa 1116 1116 1116 331
fps  |Aver, stress in pres. steel at the time for which the nominal resistancd ~ Mpa 1762 1762 1762 1762
k Factor depends on type of P,S, Low relaxation strand k = 0.28 028 0328 D28 028 .
Page:1/2
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Depth of equivalent steessblock -~ B C |
. [Corresp. effective depth from extreme comp. fiber , T .
. [to centroid of tensile force in the tensile reinl. w048 014y 0148
Mn _|MNominal resistance kNm i17 7 117
_ Mr(Factored refstanee | kNm o105 17 105 ~
Mu  [Flexual moment kNm 45 27 49
(5.7.3.2) |Flexural moment Checking 3 .. OK = OK = OX
Limits for reinforcement R
cfde  |Maximum reinforcement 0.25 0.25 0.25 0.25
_{Maximum reinforcement Checking | <=042 0K CK|  OK| OK
‘rmin__[Mimimum reinfoscement 1.10% 1.10% 1.10% 1,10%
77777777 Mimimum reinforeement Checking forRC -~ | 0.26% _OK|.  OK| OK| = OK
1.2*Mer |Craking moment kNm 18 13 18 18 .
(5.7.3.3.2) [Checking ME>=min(1.2Mcr,l.33Mu) OK. OK OK 0K
(5.7.3.4) [Conctrol of craking by distr. of reinf for RC member-Cheek? | | No Yes No Yes
............ Existing condition for structeure 12013 L ]
de Congr. thickness fro. Tens. fiber to tens. reinf nearest m 0.052 0.052 0.052 0.052
Z Crack width parameter | Nmm |  30000) 30000 30000 30000
A |Area of concr. with same centroid as tens. Reinf m2 0.015 0.015 _0.005( 0.015
i [Value Mpa 7 327 wr| s o
0.6*fy S Mpa | 240 240 240 240
___; t?.‘.‘_s_i.!ﬁt_."?.?_s_.i_’l_mi“f Miﬂ(-fé‘;fo.--ﬁﬁ")- Mpa 240 a0l 240 __ s
X Dist. From compression fiber to centroid i m R L oos4| B
CdAm m : GRE] I T
It [Moment of inertia of the cracked seeion 4 m4 -1 000 - 000
fs Tensile stress in reinforcement fs = Msls / (As*).d) Mpa - 95 - 103
Checking for control cracking fs<fsa N.a OK N.a OK
(5.10.8.2) |Shrinkage and temperature Reinfocement (side distribution} N
Areq  |Areaof required reinf | m2 | oooo23] o000023] oo0023  oooo23|
—|Distribution on sides DM m32 0.00030|  0.00030| 000030  ©€.00030
- Required Spacing not largerthan m . bast 045 045 04s|
Checking OK OK OK OK

] ) Pape:2/2
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DA NANG - QUANG NGAI EXPRESSWAY PROJECT  [ltem. Eng, Date. Sign.
PACKAGE 5 - BRIDGE Design _
DETAIL DESIGN Check
STEEL-REINFORCED ELASTOMERIC BEARING I-21m__{Revise
22TCN277-05; AASHTO LRED 3¢d - 2004 '

[ —STIEL.REINFORCED ELASTOMERIC BEARING - design checking o -~ = . |
Method B-S1475 '
Plan view
pTTTTTETTTTETTT I d w
: - 1t 't
Tranverse direction b ] ! B &
S &
“ ” >
Cover(thichkness: he) \rr Section

Shims(number x
thickness: ns x hs)

hri §

Inner elastomers
(number x thickness:
nri x hri}

1. Materials
The elastomer shall have a shear modulus between 0.60 and 1.3 MPa and a nominal hardness between 50 and 60 on the Shore A scale.
Tt shall conform to the requircments of Section 18.2 of the AASHTO LRFD Bridge Construction

The shear modulus of the clastomer at 23°C shall be used as the basis for design.

Ttem Hardness {Shore A)
50 : 70

Shear modulus @ 23°C (MPa) 0.66-0.90 1.38-2.07

Creep deflection @25 years

divided by instantaneous deflection 0.25 0.45
Choose Shear inoduius for ¢lastomer material at 23°C G- 1.00 Mpa’
Yield strength of shims plate and soles steel (ASTM ATO9M grade 250) Fy= 250.0 Mpa
2.Load
Bearing type:

"1: bearing subjeet to shear deformation {moveable bear.); 2: bearing fixed against shear deformation (fixed bear.)";
Design force on bearing

Combination| Max. Factored Reaction Rotation Horizontal
All Live load 0s Long. 0s Trans. | movement
(kN) (kN) (rad) (rad) Ag{mm)
Strength 1 1240.9 700.2
Service 1 §23.7 400.1 0.008 0.000 8.5

*Dynamic fmpact load included in design for conservative approach

3.Design checking
a. Bearing configuration 5.14.7.5.1
Tn any elastomeric bearing layer, the average compressive stress at the service limit state shall satisfy:
Item Sign Unit Value Shape factor| Check.*
Dimensions Longitudinal axis of bridge L mm 300
Tranverse axis W nmm 400
Height h mm 69
Shims Number of shim ns shiins 4
Thickness ts mm 2
Longitudinal axis of bridge Ls mm 290
Tranverse axis Ws mm 390
Cover Top thickness het mm 2.5 3428 Ok
Bottom thickness hcb mm 2.5 34.28 Ok
Inner clastormer layers :
Number layers nr layers 3
Layer thickness hri mim 18.7 4.59
Check total height of bearing Ok mim 69

Page:1/3
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Shape factor of an elastomer layer Si=L.W/ [2.hri.(L+W)] L.W/ [2(L+W)] = 85.7
* To ensure that top or bottom cover elastomer layer is not thicker than 70% of inner elastomer layer

b. Compressive Stress 5.14.7.53.2
In any elastomeric bearing layer, the average compressive stress at the service limit state shall satisfy:
Service average compressive stress due to the total load os = 6.86 Mpa
Service average compressive stress due to live load oL = 3.33 Mpa
Shape factor of the thickest layer of the beating S= 4.59
For bearings subject to shear deformation os < 1.66.G.5S £ 11.0 Mpa 1.66.3.S = 7.62 Mpa
Check = Ok
oL <0.66.G.5 0.66.G.S= 3.03 Mpa
Check = N.G
For bearings fixed against shear deformation os < 2.00.G.S <12.0 Mpa 2.00.G8= - Mpa
‘ Check = -
¢. Compressive Deflection $.14.7.5.3.3
Only when deck joints or sealy are present on the bridge: "1: check, 2: not check"
Instantancous deflection shall be taken &=2¢i. hri < 3mm

A maximuin relative deflection across a joint of 3 mm is suggested

Instantaneous compressive strain in i" elastomer layer of a laminated bearing ]
In the absence of information specific to the particular elastomer 1o be used, Figure below may be used as a guide.

12 12
10-_ Shape Factor 12 9 10__ Shapa Factor
| 50 duromater — 80 durometer
E relnforced N reinforced
Z B pearings 5 £ Bl bearings
& 8 :- 4 ?;3) 6
] )
= 4 3 2 4
: I / g
e a
E 2~ g 2
8 I / 8
O 4 2 3 4 5 8 7 W3 4 5 6 7
Compressive Staln {%) Compressive Strain (%)
Creep deflection factor dor = 0.35
Creep effect to instantangous load ocr =d.pcr
Thickness of i™ elastomerie layer in = laminated bearing hei
No Elastomer Layer oL N} hri &i &l hrini
Number| (Mpa) {1mum) (%) (mm)
1 Top cover i 3.33 4.59 25 3.5 0.09
2 Bottom ¢over 1 3.33 4.59 2.5 3.5 0.09
3 Inner layess 3 333 4.59 18.7 35 1.96
4
5
Ser= 0.75
Check Ok &+ 8er = 2.88
d. Shear Deformation 5.14.753.4

Only for moveable bearing (For bearings subject to shear deformation}
The maximum shear deformation of the bearing, at the service limit state, AS, shall be taken as Ao, modified to account for the

substructure stiffness and construction procedures.

If a low friction sliding surface is installed, DSneed not be talcen to be larger than the deformation corresponding to first slip.
The horizontal movement of the bridge superstructure  Ag=Acrdesh +Aps + Atemp Ag= 8.5 mm
(extreme displacement caused by creep, shrinkage, post-tensioning, combined with thermal effects)

Total elastomer thickness hrt= 61 mm
2.As = 17.01 mm
The bearing shall satisfy hrt = 2.As Check = Ok
Page:2/3
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e.Combingd Compression & Rotation  5.14.7.5.3.5
The provisions of this section shall apply at the service limit state.
The goal is to prevent uplift of any corner of the bearing under any combination of loading and corresponding rotation.

Rectangular bearings may be taken to satisfy uplift requirements if they satisfy:
as > 1.0.G.S (0s /n). (B /hri)* = F1

Rectangular bearings subjected to shear deformation shall also satisfy:‘
os < 1.875.G.S [1-0.2(6s /n). (B /hri)’] = F2

Rectangular bearings fixed against shear deformation shall also satisfy:
o5 <2.25.G.8 [1-0.167(0s /). (B /hri)’] = F3

Fite:BearinglI2 1-sheet:RubberBearing

Number of interior layers of elastomer. n= 3 layers
Stress in elastomer 0§ = 6.86 Mpa
Length of pad if rotation is about its transverse axis or width of pad if rotation is about its longitudin B
Maximum service rotation due to the total load about long. Or trans. axis Os
No Direction B hri 0s
(mm) (mm) (rad)
1 Longitudinal rotation 300.0 18.7 0.008
2 Transverse rotaiton 400.0 18.7 0.000
No Ditection Fl Check F1 F2 Check F2 "F3 Check F3
{Mpa) , (Mpa) (Mpa)
1 Longitudinal rotation 3.2 Ok 7.4 Ok - -
2 Transverse rotaiton 0.0 Ok 8.6 Ol - -
f.Stability of Elastomeric Bearings 5.14.7.53.6
Bearings satisfying equation here shall be considered stat 2A <B
Where A ={1,92.hrt/Ly/sqrt(11+2.0.L/ W) A= 0.247
B =267 [($+2.0) . (1+L/(4.0.W))] B= 0.341
2A= 0.494

Check = Need check

For a rectangular bearing where L is greater than W, stability shall be investigated by interchanging L and W
For a rectangular bearing not salisfying 2A=B, the stress due to total load shall be satify below equations:

If the bridge deek is free to {ranslate horizontully os < G.5/ (2A-B) G.S/(2A-B) = 30.1 Mpa
Check = Stable
I the bridge deck is fixed against horizontal translation o8 < G.S/ (A-B) (A-B) = -0.094
G5/ (A-B)= -
If the value A-B<0, the bearing is stable and is not dependent on as. Check = Stable
g.Reinforcement 8.14.75.3.7
The thickness of the steel reinforcement, hs, shall satisfy the provisions of Article 14.7.5.3.7
of the AASHTO LRFD Bridge Construction Specifications and:
At service limit state hs > 3.hmax.cs/ Fy
Thickness of thickest elastomeric layer in elastomeric bearing hmax = 18.7 mm
Service average compressive stress due to total load o8 = 6.86 Mpa
Yield sirength of steel reinforcement Fy= 250.0 Mpa
hs= 2.0 mm
3.hmax.os/ Fy = 1.54 mm
Check = Ok
At fatigue limit state hs > 2.0.hmax.oL/ AFqy
Constant amplitude Fatigue threshold for Category A as specified in Article 6.6 AFmy= 165.0 Mpa
Service average compressive stress due to live load oL= 3.33 Mpa
2.0.hmax.oL/ AFpy = (.75 mm
Check = Ok

h.Seismic Provistons 3.14.7.5.3.8

Elastomeric expansion bearings shall be provided with adequate seismic resistant anchorage to resist the horizontal forces in excess of those

accommodated by shear in the pad. The sole plate and the base plate shail be made wider to accommodate the anchor bolts. The anchor bolts
shall be designed for the combined effect of bending and shear for seismic loads as specified in Article 14.6.5.3. Elastomeric fixed bearings

shall be provided with horizontal restraint adequate for the full horizontal load.
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DA NANG - QUANG NGAI EXPRESSWAY PROJIECT  [ltem.

Date.

Eng. Sign. |
TYPICAL CALCULATION Design
DETAIL DESIGN Check
STEEL-REINFORCED ELASTOMERIC BEARING I-27m__ [Revise
22TCN272-05; AASHTO LRFD 3rd - 2004
I STEEL-REINFORCED ELASTOMERIC BEARING - design checking |
Method B - §.14.7.5
Plan view
T : £
“ > ! : L g a
Tranverse direction o ! ‘g}, %‘3"
S
w

Cover(thichkness: hc)

Shims{number x
thickness: ns x hs)

Inner elastomers
{number x thickness:
nri x hi)

1. Materials

The elastomer shall have a shear modulus between 0.60 and 1.3 MPa and a nominal hardness between 50 and 60 on the Shore A scale.

1t shall conform to the reguirements of Section 18.2 of the AASHTO LLRFD Bridge Construction

The shear modulus of the elastomer at 23°C shall be used as the basis for design.

Item Hardness {Shore A)
50 60 . 70
Shear modulus @ 23°C (MPa) 0.66-0.90 | 0.90-1.38 1.38-2.07
Creep deflection @25 years
divided by instantaneous deflection 0.25 0.35 0.45
Choose Shear modulus for elastomer materiat at 23°C G= .00 Mpa
Yield strength of shims plate and soles steel (ASTM A709M grade 250) Fy= 250.0 Mpa
2.Load
Bearing type:
"1: bearing subject to shcar deformation (moveable bear.); 2: bearing fixed against shear deformation (fixed bear.)" 1
Design force on bearing
Combination| Max. Factored Reaction Rotation Horizontal
All Live load Bs Long. Os Trans. | movement
(kN) (kN) (rad) (rad) Ag{mm)
Strength | 1493.5 760.04
Service | 1009.4 434.5 0.010 0.000 21.9
*Dynamic Impact load included in design for conservative approach
3.Design checking
a. Bearing configuration 5.147.5.1
In any clastomeric bearing layer, the average compressive siress at the service limit state shall satisfy:
Ttem Sign Unit Value Shape factor| Check.*
Dimensions Longitudinal axis of bridge L mm 350
Tranverse axis W nun 450
Height h nm 84
Shims Number of shim ns shims 4
Thickness {s mm 4
Longitudinal axis of bridge Ls mm 340
Tranverse axis Ws nm 440
Cover Top thickness het num 2.5 39.36 Ok
Bottom thickness heb mim 2.5 39.36 Ok
Inner elastormer layers
Number layers nr layers 3
Layer thickness hri i 21 4,69
Check total height of bearing Ok mm 84
Page:1/3
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Shape factor of an elastomer layer Si=L.W/ [2.bri.(L+W)] LW/ [2{L+W)}] = 98.4
* To ensure that top or bottom cover elastomer layer is not thicker than 70% of inner elastomer layer

b. Compressive Stress 5.14.7.5.3.2
In any elastomeric bearing layer, the average compressive stress at the service limit state shall satisfy:

Service average compressive stress due to the total load os = 6.41 Mpa
Service average compressive stress due to live load oL = 2,76 Mpa
Shape factor of the thickest layer of the bearing §= 4.69
For bearings subject to shear deformation 65 = 1.66.G.5 < 11.0 Mpa 1.66.G.8 = 7.79 Mpa
Check = Ok
oL £0.66.G.8 0.66.G.S = 3.10 Mpa
Check = Ok
For bearings fixed against shear deformation 05<2.00.G.5 £ 12.0 Mpa 2.00.G8= - Mpa
Check = -
¢. Compressive Deflection S5.14.7.53.3
Only when deck joinis or seals are present on the bridge: "1: check, 2: not check” 1
Instantaneous deflection shall be taken 8=Zei. hri < Imm

A maximum relative deflection across a joint of 3 mm is suggested
Instantaneous compressive strain in i™ elastomer layer of a laminated bearing ei
In the absence of information specific to the particular elastomer to be used, Figure below may be used as a guide.

12 12
Shape Factor Shapa Factor
0 10
- | 50 duromster - 60 durometer
a relnforced 8 selnforced
8 bearings = & bearings
g o
£ 6 2o,
@ 0
g ®
z 4 = 4
¢ ¢
= 8
g 2 E 2
8 8
% 4 2 3 4 85 8 1 ®% 1 2 3 4 5 & 7
Compressive Straln (%) Compressive Straln {%)
Creep deflection factor ' dor = 0.35
Creep effect to instantaneous load &er =3.4er
Thickness of i™ elastomeric Jayer in a laminated bearing hari
No Elastomer Layer ol S hri £i €i. hri.ni
Number (Mpa) (mm) (%) {mm)
1 Top cover 1 2.76 4.69 2.5 2.2 0.06
2 Bottom cover 1 2.76 4.69 2.5 2.2 0.06
3 Inner layers 3 2.76 4.69 21.0 2.2 1.39
4
5
der= 0.52
Check Ok &+ der = 2.02
d, Shear Deformation S5.14.753.4

Only for moveabie bearing (For bearings subject to shear deformation)
The maximum shcar deformation of the bearing, at the service limit state, AS, shall be taken as Ao, modified to account for the
substructure stiffness and construction procedures.

If a low friction sliding surface is installed, DSneed not be taken to be larger than the deformation corresponding to first slip.
The horizontal movement of the bridge superstructure  Ag=Acrd&sh +Aps + Atemp Ag= 21,9 mm
(extreme displacement caused by crecp, shrinkage, post-tensioning, combined with thermal effects)

Total elastomer thickness = 68 mm
2.As= 4374 mm
The bearing shall satisfy hrt > 2.As Check = Ok
Page:2/3
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e.Combined Compression & Rotation S.14.7.5.3.5
The provisions of this section shall apply at the service limit state.
The goal is to prevent uplift of any corner of the bearing under any combination of loading and corresponding rotation,

Rectangular bearings may be taken to satisfy uplift requirements if they satisfy:
os> 1.0.G.8 (@s /n). (B /hri)*=F1

Rectangular bearings subjected to shear deformation shall also satisfy:
' s < 1.875.G.S [1-0.2(0s /n). (B /ri)*] = F2

Rectangular bearings fixed against shear deformation shall also satisfy:
65 <2.25.G.8 [1-0.167(0s /n). (B /hri)*] = F3

File:BearingI27-sheet:RubberBearing

Number of interior layers of elastomer. n= 3 layers
Stress in elastomer cs = 6.41 Mpa
Length of pad if rotation is about its transverse axis or width of pad if rotation is about its longitudin B
Maximum service rotation due to the total load about long. Or trans. axis 0s
No Direction B hri 0s
(mm) {mn) {rad)
1 Longitudinal rotation 350.0 21.0 0.010
2 Transverse rotaiton 450.0 21.0 0.000
No Direction Fl Check F1 F2 Check F2 F3 Check F3
(Mpa) (Mpa) (Mpa)
1 Longitudinal rotation 4.5 Ok 7.1 Ok - -
2 Transverse rotaiton 0.0 Ok 8.8 Ok - -
f.Stability of Elastomeric Bearings S5.14.7.5.3.6
Bearings satisfying equation here shall be considered stat 2A <B
Where A= (1.92.hrt/L)fsqrt(1+2.0.L{ W) A= 0.233
B =267/ [(8+2.0) . (1+L/(4.0.W))] B= 0.334
2A = 0.467

Check = Need check
For a reclangular bearing where L is greater than W, stability shall be investigated by interchanging L and W
For a rectangular bearing not satisfying 2A<B, the stress due to total load shall be satify below equations:

If the bridge deck is free to translate horizontally as < G.5/ (2A-B) G.S/{(2A-B)~ 35.4 Mpa
Check = Stable

If the bridge deck is fixed against horizontal translation o5 < G.5/ (A-B) (A-B)= -0.101

G.S/{(A-B)= -

If the value A—B<0, the bearing is stable and is not dependent on os. Check = Stable

g.Reinforcement 5.14.7.5.3.7

The thickness of the steel reinforcement, hs, shall satisty the provisions of Article 14.7.5.3.7

of the AASHTO LRFD Bridge Construction Specifications and:

At service limit state hs > 3.hmax.as/ Fy

Thickness of thickest elastomeric layer in elastomeric bearing hmax = 21.0 mm

Service average compressive stress due to total load 0§ = 6.41 Mpa

Yield strength of steel reinforcement Fy= 250.0 Mpa

hs = 4.0 mm
3.hmax.os/ Fy = 1.61 mm

Check = Ok

At fatigue limit state hs > 2.0.hmax.ol/ AFy

Constant amplitude fatigue threshold for Category A as specified in Article 6.6 AFq= 165.0 Mpa

Service average compressive stress due to live load ol.= 2.76 Mpa

2.0.hmax.cL/ AFq, = 0.70 mm

Check = Ok

h.Seismic Provisions S.14.7.53.8

Elastomeric expansion bearings shall be provided with adequate seismic resistant anchorage to resist the horizontal forces in excess of those

accommadated by shear in the pad. The sole plate and the base plate shall be made wider to accommodate the anchor bolts. The anchor bolts
shall be designed for the combined effect of bending and shear for seismic loads as specified in Article 14.6.5.3. Elastomeric fixed bearings

shall be provided with horizontal restraint adequate for the full horizontal load.
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DETAIL DESIGN Check
STEEL-REINFORCED ELASTOMERIC BEARING I-33m  |Revise

2004

72-05; AASHTO LRFD

Melhod B S 14.7.5

Plan view
poTTTTTTTTTTTTA : g 2
“ > i d ' .E g
Tranverse direction t ! B ,gn
--------------- =3
S &
w
Cover(thichkness; hc) Section

Shims(number x
thickness: ns x hs)

hri }

Inner elastomers
(number x thickness:
nri x hri)

1. Materials
The elastomer shall have a shear modulus between 0.60 and 1.3 MPa and a nominal hardness between 50 and 60 on the Shore A scale.

It shall conform to the requirements of Section 18.2 of the AASHTO LRFD Bridge Construction

The shear modulus of the elastomer at 23°C shall be used as the basis for design.

Item Hardness (Shore A
S0 i i

Shear modulus @ 23°C (MPa) 0.66-0.90 L penleR 138207

Creep deflection @25 years im;l‘ P |

divided by instantaneous deflection 0.25 ,_E-{ i
Choose Shear modulus for elastomer material at 23°C G= 1.00 Mpa
Yield strength of shims plate and soles steel (ASTM A709M grade 250) . Py = 250.0 Mpa
2.Load
Bearing type:

"1: bearing subject to shear deformation (moveable bear.); 2: bearing fixed against shear deformation (fixed hear)"ﬁiﬂ?ﬁfﬁﬁ%
Design foree on bearing

Combination| Max, Factored Reaction Rotation Hortizontal
All Live load 0s Long. Os Trans, | movement
(kN) kN) (rad) {rad) Ag(mm)

Strength 1 1796.5 §14.9

Service 1 1236.7 465.7 0.007 0.000 26.7

*Dynamic Impact load included in design for conservative approach

3.Design checking
a. Bearing configuration 8.14.7.5.1
In any elastomeric bearing layer, the average compressive siress at the service limit state shall satisty.
Item Sign Unit Value Shape factor| Check.*
Dimensions Longitudinal axis of bridge L mm 350
Tranverse axis W mm 500
Height h mimn 84
Shims Number of shim ns shims 5
Thickness is mm 3
Longitudinal axis of bridge Ls mm 340
Tranverse axis Ws mm 490
Cover Top thickness het mm 2.5 41.16 Ok
Bottom thickness heh mm 2.5 41.16 Ok
Inner elastormer layers
Number layers nr layers 4
Layer thickness hri mm 16.0 6.43
Check total height of bearing Ok mim 84
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Shape factor of an elastomer layer Si=L W/ [2hri{L+W)] LW/ [2(L+W)] = 102.9

* To ensure that top or bottom cover elastomer layer is not thicker than 70% of inner elastomer layer

b, Compressive Stress 5147532

In any elastomeric bearing layer, the average compressive stress at the service limit state shall satisfy:

Service average compressive stress due to the total load o5 = 7.07 Mpa

Service average compressive stress due to live load cL= 2.66 Mpa

Shape factor of the thickest layer of the bearing S= 6.43

For bearings subject to shear deformation 05< 1.66.G.5 £11.0 Mpa 1.66.G.S = 10.67 Mpa
Check = Ok

ol £0.66.G.S 0.66.G.85 = 4.24 Mpa

Check = Ok

For bearings fixed against shear deformation 08 5 2.00.G.S £12.0 Mpa 2.00.G.5= - Mpa
Check = -

¢. Compressive Deflection 5.14.75.33
Only when deck joinis or seals aie present on the bridge: “1: check, 2: not check”
Instantaneous deflection shall be taken 8=Zei. hri < Imm

B

A maximum relative deflection across a joint of 3 mm is suggested
Instantaneous compressive strain in i™ elastomer layer of a laminated bearing e
In the absence of information specific to the particular elastomer to be used, Figure below may be used as a guide.

12 12
10 _ Shape Factor w0k Shape Factor
L 50 durameter — 80-durometer
I reinforced & | Venforced
E 8 bearings £ 9 Dbearings
_é 0
i i
@ ]
% 4 % 4
E g,
S 8
% 1 2 3 4 & 06 % § 2 3 4 § 6 7
Compressive Straln (%) Compressive Straln {%)
Creep deflection factor for = 0.35
Creep effect to instantancous load §eor =8.¢er
Thickness of i™ elastomeric layer in a laminated bearing hi
No Elastomer Layer oL 5 hri ei gi. hri.ni
Number|  (Mpa) (nmy) (%) (mm)
1 Top cover 1 2.66 6.43 2.5 2.5 0.06
2 Bottom cover 1 2.66 6.43 2.5 2.5 0.06
3 Inner layers 4 2.66 6.43 16.0 2.5 1.60
4
5
der = 0.60
Check Ok &+ dor = 2.33
d. Shear Deformation 5.14.7.5.3.4

Only for moveable bearing (For bearings subject 1o shear deformation)
The maximum shear deformation of the bearing, at the service limit state, AS, shall be taken as Ao, modified to account for the
substructure stiffness and construction procedures.

If a low friction sliding surface is installed, DSneed not be taken to be larger than the deformation correspending to first slip,

The horizental movement of the bridge superstructure  Ag=Acr&sh +Aps + Atemp M= 26.7 mm
(extreme displacement caused by creep, shrinkage, post-tensioning, combined with thermal effects)
Total ¢lastomer thickness hrt = 69 mm
2.A5= 53.46 mm
The bearing shall satisfy hrt = 2.As Check = Ok
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¢.Combined Compression & Rotation 8.14.7.5.3.5
The provisions of this section shall apply at the service limit state.
The goal is to prevent uplift of any corner of the bearing under any combination of loading and corresponding rotation.

Rectangular bearings may be taken to satisfy uplift requirements if they satisfy:
os > 1.0.G.8 (0s /n). (B /hri)* = F1

Rectangular bearings subjected to shear deformation shall also satisfy:
os < 1.875.G.S [1-0.2(6s /n). (B /hri)*] = F2

Rectangular bearings fixed against shear deformation shall also satisfy:
05 <2.25.G.S [1-0.167(8s /n). (B /hri)’] = F3

Number of interior layers of elastomer. n= 4 layers
Stress in elastomer os= 7.07 Mpa
Length of pad if rotation is about its transverse axis or width of pad if rotation is about its longitudin B
Maximum service rotation due to the total load about long. Or trans. axis Os
Neo Direction B hri Os
(mm) (mm) (rad)
1 Longitudinal rotation 350.0 16.0 0.007
2 Transverse rotaiton 500.0 16.0 0.000
No Direction F1 Check F1 F2 Check F2 F3 Check I3
(Mpa) (Mpa) (Mpa)
1 Longitudinal rotation 5.4 Ok 10.0 Ok - -
2 Transverse rotaiton 0.0 Ok 12.1 Ok - -
f.5tability of Elastomeric Bearings §5.147.53.6
Bearings satisfying equation here shall be considered stat 2A <B
Where A = (1.92. hrt/L)/sqri(1+2.0.L/ W) A= 0.244
B =2.67/ [(5+2.0) . (1+L/4.0.W))] B= 0:270
2A= 0.489

-

Check = Need check
For a rectangular bearing where L is greater than W, stability shall be investigated by interchanging L and W
For a rectangular bearing not satisfying 2A<B, the stress due to total load shall be satify below equations:

If the bridge deck is free to translate horizontally os <(3.5/ (2A-B) G.5/(2A-B) = 29.3 Mpa
Check = Stable
If the bridge deck is fixed against horizontal translation o3 £ G.8/(A-B) (A-B)= -0.025
G.8/ (A-B) = .
If the value A—-B<0, the bearing is stable and is not dependent on os. Check = Stable
g.Reinforcement S.14.7.5.3.7
The thickness of the steel reinforcement, hs, shall satisfy the provisions of Article 14.7.5.3.7
of the AASHTO LRFD Bridge Construction Specifications and:
At service limit state hs > 3. hmax.os/ Fy
Thickness of thickest elastomeric layer in elastomeric bearing hmax = 16.0 mm
Service average compressive stress due to total load os = 7.07 Mpa
Yield strength of steel reinforcement Fy = 250.0 Mpa
hs = 3.0 mm
3.hmax.os/ Fy = 1,36 mm
Check = Ok
At fatigue limit state hs > 2.0.hmax.oL/ AFpy
Constant amplitude fatigue threshold for Category A as specified in Article 6.6 AFpy= 165.0 Mpa
Service average compressive stress due to live load ol = 2.66 Mpa
2.0.hmax.ol/ AFpy = 0.52 mm
Check = Ok

h.Seismic Provisions 8.14.753.8

Elastomeric expansion bearings shall be provided with adequate seismic resistant anchorage to resist the hotizontal forces in excess of those

accommodated by shear in the pad. The sole plate and the base plate shall be made wider to accommodate the anchor belts. The anchor bolts
shall be designed for the combined effect of bending and shear for seismic loads as specified in Article 14.6.5.3. Elastomeric fixed bearings

shall be provided with horizontal restraint adequate for the full horizontal load.
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STEEL-REINFORCED ELASTOMERIC BEARING I-40m  |Revise
22TCN272-05; AASHTO LRFD 3rd - 2004
( STEEL-REINFORCED ELASTOMERIC BEARING - design checking
Method B - §.14.7.5
Plan view
P : 22
< » ! ' 1 = 3
1
Tranverse direction e ! E}, gﬂ
S a
W
Cover(thichkness: hc) Section

Shims(number x
thickness: ns x hs)

Inner elastomers
{number x thickness:
nti x hri)

1. Materials
The elastomer shall have a shear modulus between 0.60 and 1.3 MPa and a nominal hardness between 50 and 60 on the Shore A scale.
It shall conform to the requirements of Section 18.2 of the AASHTO LRFD Bridge Construction

The shear modulus of the elastomer at 23°C shall be used as the basis for design.

tem Hardness {Shore A)
50 60 70
Shear madulus @ 23°C (MPa) 0.66-0.90 | 0.90-1.38 1.38-2.07
Creep deflection @25 years
divided by instantancous deflection 0.25 0.35 (145
Choose Shear modulus for elastomer material at 23°C G= 1.00 Mpa
Yicld strength of shims plate and soles steel (ASTM A709M grade 250) Fy = 250.0 Mpa
2.Load
Bearing type:
"1: bearing subject to shear deformation (moveable bear.); 2: bearing tixed against shear deformation (fixed bear.)" 1
Design force on bearing
Combination| Max. Factored Reaction Rotation Haorizontal
All Live load Os Long. 0s Trans. mavement
(kN)y (kN) {rad) (rad) Ag(mm)
Strength 1 2207.9 839.4
Service 1 1557.1 479.7 0.012 0.000 32.4
*Dynamic Impact load included in design for conservative approach
3.Design checking
a. Bearing configuration 5.14.7.5.1
In any elastomeric bearing layer, the average compressive stress at the scrvice limit state shall satisfy:
Item Sign Unit Value Shape factor| Check.*
Dimensions Longitudinal axis of bridge L mm 350
Tranverse axis W mm 550
Height h mm 99
Shims Number of shim ns shimsg 5
Thickness ts mm 3
Longitudinal axis of bridge Ls mm 340
Tranverse axis Ws mm 540
Cover Top thickness het nim 2.5 42.76 Ok
Bottom thickness hch mm 2.5 42.76 Ok
Inner elastormer layers
Number layers nr layers 4
Layer thickness hri min 19.8 5.41
Check total height of bearing Ok mm 99
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Shape factor of an elastomer layer Si = LW/ [2.hri.{l.+W}] LW/ [2(L+W)] = 106.9

* To ensure that top or bottom cover elastomer layer is not thicker than 70% of inncr clastomer layer

b. Compressive Stress 5.14753.2

In any elastomeric bearing layer, the average compressive stress at the service limit state shall satisfy:

Service average compressive stress due to the total load os = 8.09 Mpa

Service average compressive stress due to tive load oL = 2.49 Mpa

Shape factor of the thickest layer of the bearing §= 5.41

For bearings subject to shear deformation os< 1.66.G.S < 11.0 Mpa 1.66.G.5 = 8.98 Mpa
Check = Ok

oL £0.66.G.S 0.66.G.5 = 3.57 Mpa

Check = Ok

For hearings fixed against shear deformation 05 <2.00.G.5 < 12.0 Mpa 2.00.G.8 = - Mpa
Check = -

¢. Compressive Deflection 5.147533
Only when deck joinis or seals are present on the bridge: "1: check, 2. not check” 1
Instantancous deflection shall be taken 8=Zel. hri £ 3mm

A maximum relative deflection across a joint of 3 mun is suggested
Instantaneous compressive strain in i" clastomer layer of a laminated bearing g
In the absence of information specific to the particular elastomer to be used, Figure below may be used as a guide.

12 12
- 5 ¢ 12 9
104 Shape Fagtor 10 hape Factor p
— L 50 durometar — 60 durometer
Iy relnforced 5 reinforced 3
£ 8 bearings = 8 nbearings
4 3 | 4
= 6 L 6
# o
@ @ 3
5 4 § 4 2
§ ¢ |
=3 [+%
E 2 E 2z
8 8
o
% 12 3 4 5 8 7 % 42 3 4 5 6 17
Compressive Strain (%) Compressive Strain (%)
Creep deflection factor oer = 0.35
Creep cffect to instantaneous load Ser =8.9cr
Thickness of i™ elastomeric layer in a laminated bearing hri
No Elastomer Layer oL S hri €l ei. hri.ni
Number (Mpa) {mm) (%) {mm)
1 Top cover 1 2.49 5.41 2.5 2.5 0.06
2 Bottom covey 1 2,49 541 2.5 2.5 0.06
3 Inner layers 4 2.49 5.41 19.8 2.5 1.98
4
5
der = 0.74
Check Ok 8+ Ber = 2.84
d. Shear Deformation 5.147.534

Only for moveable bearing (For bearings subject to shear deformation)
The maximum shear deformation of the bearing, at the service limit state, AS, shall be taken as Ao, modified to account for the
substructure stiffness and construction procedures.

If a low friction stiding surface is installed, DSneed not be taken to be larger than the deformation corresponding to first slip.

The horizontal movement of the bridge superstructure  Ag=Acr&sh +Aps + Atemp A= 32.4 mm
{extreme displacement caused by creep, shrinkage, post-tensioning, combined with thermal effects)
Total elastomer thickness hrt = 84 mm
2.As= 64.80 mm
The bearing shall satisfy hit = 2.As Check = Ok
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e.Combined Compression & Rotation  5.14.7.5.3.5
The provisions of this section shail apply at the service limit state.
The goal is to prevent uplift of any corner of the beating under any combination of loading and corresponding rotation.

Rectangular bearings may be taken to satisfy uplift requirements if they satisfy:
s> 1.0.G.S (Bs /n). (B ./hri)2 =Fl

Reetangular bearings subiected to shear deformation shall also satisfy:
os < 1.875.G.S [1-0.2(0s /n). (B /hriY’} =F2

Rectangular bearings fixed against shear deformation shall also satisfy:
o5 <2.25.G.8 [1-0.167(0s /n). (B /hri)’] = F3

Number of interior layers of elastomer. n= 4 layers
Stress in elastomer os = 8.09 Mpa
Length of pad if rotation is about its transverse axis or width of pad if rotation is about its longitudin
Maximum service rotation due to the total load about long. Or trans, axis Os
No Direction B hri Os
{mm) (mm) (rad)
I Longitudinal rotation 350.0 19.8 0.012
2 Transverse rotaiton 550.0 19.8 0.000
No Direction F1 Check F1 F2 Check F2 F3 Check F3
(Mpa) (Mpa) {Mpa)
1 Longitudinal rotation 52 Ok 8.2 Ok - -
2 Transverse rotaiton 0.0 Ok 10.1 Ok B -
f.Stability of Elastomeric Bearings S5.147.53.6
Bearings satisfying equation here shall be considered stat 2A <B
Where A = (1.92.hrt/LY/sqrt(1+2.0.L/ W) A= 0.306
B =2.67/[(5+2.0). (1+L/A4.0.W))] B= ¢.311
2A = 0.611
Check = Need check

For a rectangular bearing where L is greater than W, stability shall be investigated by interchanging L. and W
For a rectangular bearing not satisfying 2A<B, the stress due to total load shall be satify below equations:

If the bridge deck is fiee to translate horizontally o3 <G.5/ (2A-B) G.5/ (2A-B) =
Check =
If the bridge deck is fixed against horizontal translation os < G.5/(A-B) (A-B)=
G.5/(A-B)=
If the value A—B<0, the bearing is stable and is not dependent on os. Check =
g.Reinforcement 5.14.7.53.7
The thickness of the steel reinforcement, hs, shall satisfy the provisions of Article 14.7.5.3.7
of the AASHTOQ LRFD Bridge Construction Specifications and:
At service limit state hs = 3.hmax.os/ Fy
Thickness of thickest elastomeric layer in clastomeric bearing hmax =
Service average compressive stress due to total load os=
Yield strength of steel reinforcement Fy=
hs=
3. hmax.os/ Fy =
Check =
At fatigue limit state hs = 2.0.hmax.cL/ AF
Constant amplitude fatigue threshold for Category A as specified in Article 6.6 APy =
Service average compressive stress due to live load olL=
2.0.hmax.oL/ AF =
Check =

h.Seismic Provisions 5.147.53.8

18.0 Mpa

Stable
-0.0035

Stable

19.8 mm
8.09 Mpa

250.0 Mpa

3.0 mm
1.92 mm
Ok

165.0 Mpa

2.49 Mpa
0.60 mm
Ok

Elastomeric expansion bearings shall be provided with adequate seismic resistant anchorage to resist the horizontal forces in excess of those
accommodated by shear in the pad. The solc plate and the base plate shall be made wider to accommodate the ancher bolts. The anchor bolts
shall be designed for the combined effect of bending and shear for seismic loads as specified in Article 14.6.5.3. Elastomeric fixed bearings

. shall be provided with horizontal restraint adequate for the full horizontal load.
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TYPICAL CALCULATION Design ey
DETAIL DESIGN Check
APPROACH SLADB (5M) Revise
LLoads Caculuting for a Im wide strip of approach sfab:

Supposed caculating approach slab gs slmple beam

L1 Dhwension of approach stab

L= S5m Hmd= 0.78 m #ht= 24,5 KN/m3
B= 11.59 m gmd= 221 KN/m3
h= 0.3 m
Ltt= 35m (Use LI=0.7 1)

L2.Selfiveieht
Pbi= 426.4 KN
qbi= 7.4 KN/m  (Uniform folowing length of approach slap)

L.3.Surfuce prexsure:
Pmd= 997.7 KN
gmd= 17.2 KN/m

lLd.Live load
Putting a truck in approach slab at one lane Putiing a tandem in approach slab at one lane
Pb= 72.5 KN Po= 55 KN
Tire contrack area
(Units m) Long Tran (Units m) Long Tran
On deck bridge 0.362 0.51¢ On deck bridge 0.274 0.51
On slab swiface 1.922 2.070 O slab surface 1.83 2,07
qht= 18.2 KN/in qht= 14.49 KN/m

{Uniform folowing length of approach slap)
L3, Fuctored internal forces

qtid= 17.2 KN/m Lit= 35m
qbt= 7.4 KN/m
Truck  qht= 18.2 KN/m Loit= 1.922 m
Tandem qht= 14.49 KN/m Lott= 1.83 m
1.6 Load combination
Vehicles [Load combination Unit Strengthl | Service
Truck 1Sheav | KN 919 60.5
oo jMoment ] KNm ) 93 [ 60
Tandem Shear kN 84.5 363
Moment kNm 114 72

Faclored internal forces
Mitmax= 113.67 KNm
Qttmax= 91.93 KN

I1.Checking
I 1. Checking limits for reinforcement
= 30 cm b= 100 cm
b=100
A's
ﬁ:ﬁ: . . [V - -— -
S O A ey
ae= N | bl Ml )
As
Compressive Strength of concrete = 25 Mpa
Yield strength of tensile steel fy= 400 Mpa
Dimension of tension reinforcement = 20 mm
Number of tension reinforcement n= 10
Area of tension reinforcement Ag= 3141.59 mm2
Dimension of compressive reinforcement D '= 16 mm
Number of compressive reinforcement n's 5
Arca of compressive reinforcement Als= 1005.31 mm2
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