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2.10 STRESS DESIGN

2.10.1 Converted Section Properties
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2.10.2 Bending Stress under Construction Stage
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2.10.3 Bending Stress after Construction Completion Stage
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2.105

Safety Ratio of Bending Fracture
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2.10.6  Shear and Torsinal Stress
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2.10.7 Summary of Design Result
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CHAPTER 1

1.1

DESIGN CONDITIONS

DESIGN CONDITION

(1) Road Name
(2) Bridge Name
(3) Road Class

(4) Bridge Tyvpe

(5) Design Speed
(6) Bridge Width
(7) Pavement

(8) Bridge Angle

: North Java Corridor (Serang — Balaraja — Tangerang)
: Balaraja Flyover
1

: Pre-stressed Reinforcement Concrete (PRC) 3 span continnous Double

Trapezoid Girder (A1 — P3) and PRC 4 span continuous Double
Trapezoid Girder (P6 — A2)

: 40 km/hr
: 13.0m (0.75m+5.5m+0.5m+5.5m+0.75m)
: Asphalt, thickness=75mm and additional 50mm for future resurfacing

: 90 degree

(9) Horizontal curvature  : Al — P3, R=00 and P6 — A2, R=85m

(10) Vertical Grade

(11) Cross Slope

tAl1-P3,1=4436% « andP6-A2,1=5772% S

Al -P3,1=2%and P6 - A2, 1=2%10 5.7%

{12) Span Composition Al -P3, 3@20m and P6 - A2, 4@20m



1.2 GENERAL VIEW
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1.3

MATERIALS PROPERTIES AND ALLOWABLE STRESS

131

(1) Concrete

Materials Properties

Concrete Compressive strength: The 28-days compressive strength and corresponding elastic
modulus Ec, shall be as shown below:

Concrete | Characteristic Elastic
Class Compressive Application of Structure Modulus Ec
Strength MPa (x 10*MPa)
A-2 35 PRC Girder and Slab 3.18
B-1 30 Curb, wheel guard, railing and attachment efc. 2,94
The coefficient of thermal expansion shall be 1.0 x 10° (per deg Celsius).
(2) Reinforcing Steel
Type . Yield Pozint Application standard
(N/mm”~) S 1S BS
Round Bars SR 24 240 SI1 0136 | G3112 | BS 4449
Deformed Bars SD 40 390 SIH 0136 | G3112 | BS 4449
(3) Pre-stressing Tendons
The type of pre-stressing of tendons shown below shall be used.
Nominal Yield Braking Application
Notation Utilization Diameter | Strength | Strength Standard
(mm) | (kg/mm®) | (kg/mm®) | NIS | ASTM
PC 7 Wire
Strand PRC Girder T12.7 160 190 G3536 | A4l6
SWPR 7B
PC 19 Wire .
Strand ?Egﬁ?m q Tf’f}irge? T218 160 190 | G3536 | A4l6
SWPR 19 an

Modulus of elasticity: 2.0 x 10° MPa
Coefficient of thermal expansion = 1.2 x 10° (per deg Celsius).




132 Allowable Stress

(1) Concrete

(a) Method of Crack Width Control
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{b) Allowable Stress

Concrete Strength (MPa)
Designation
30.0 35.0 40.0 45.0 50.0
Immediately For Rectangular sections | 150 | 170 | 190 | 210 | 210
) after pre-
Compression | - \.ccing For T and Box sections 140 | 160 | 180 | 200 | 200
Stress due to
Bending For Rectangular sections 12.0 13.5 15.0 170 1 170
Other Case
For T and Box sections 11.0 12.5 14.0 16.0 16.0
Compression | Immediately after pre-stressing 12.0 12.5 14.5 16.0 18.0
Stress due to
Axial Load | Other Case 8.5 9.5 11.0 135 13.5
Immediately after pre-stressing 1.2 1.3 15 18 138
Tensile Stress| In case without Traffic Load 0.0 0.0 0.0 0.0 0.0
due to
Bending Slabs and Joints between Pre-cast Segments 0.0 0.0 0.0 0.0 0.0
Other Case ‘ 12 13 15 1.8 1.8
Tensile Stress due to Axial Load 0.0 0.0 0.0 0.0 0.0
Shear and Torsion Considered Separately 0.8 0.9 1.0 1.2 1.2
Shear Stress
Shear and Torsion Considered Sinmnltaneously 11 12 13 15 1.5
Round Bars 0.9 0.9 1.0 1.0 1.0
Bond Stress -
Deformed Bars 1.8 1.9 20 2.0 2.0
(2) Reinforcing Steel
Yield strength fsy A_llowable stress (MPa) _
Grade (MPa) Tension Compression
0.5 x fsy <170 0.5 x fsy < 110
BJTD 40 400 170 110
BITD 24 240 120 110
(3) Pre-stressing Tendons
Nominal During After Under design
diameter | pre-stressing | pre-stressing load
PC wire SWPR 1 A Q7 1215 1085 930
PC wire SWPR 1 A a8 1170 1050 900
PC 7-wire Strand SWPR 7 A T124 1350 1225 1050
PC 7-wire Strand SWPR 7 B T 127 1440 1330 1140
PC 7-wire Strand SWPR 7 B T152 1440 1330 1140
PC 19-wire Strand SWPR 19 T193 1440 1330 1140
PC bar SBPR 785 / 1030 1% 720 680 600
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1.4. TYPICAL CROSS SECTION

FLYOVER WIDFH = 13.00m
[ ROADWAY = 350m | Za [ ROADWAY = 350m |
SHOULDER = 1751 gﬁ SHOULDER = 1.35m
4
% OFFLYOVER
1300 :
750 5500 sto__ 5500 70 |
250500 1750 3500 3500 1750 500 250
] . EG. ——PC SLAB, T30CM B :
/ (CAST-IN-PLACE)
=z ..g

0]
1ahr
150

150 {5

487 600 tos 850 2644 54
3328 |

s 6350 |

CANTILEVER SLAB = 264 m ]

[ CANTILEVER SLAB=2.644m

| SLAB WIDTH = 120m |




1.5

CODES AND STANDARDS

Design Codes and Standards are as followings:

Bridge Design Code, Drafi, Volume 1 and Volume 2 — Bridge Management System

1992, Direktorat Jenderal Bina Marga Departemen Pekerjann Umum.

Bridge Design Manual, Draft, Volume 1 and Volume 2 ~ Bridge Management System
1992, Direktorat Jenderal Bina Marga Departemen Pekerjann Umum.

Pembebanan untuk jembatan, RSNI4.

(Loading for Bridges)

Standar perencanaan ketahanan gempa untuk jembatan, SNI.
{Design Standard of Earthquake Resistance for Bridges)
Perencanaan struktur beton untuk jembatan, RSNI

(Design of Concrete Structure for Bridge)

Perencanaan struktur baja untuk jembatan, ASNI4

(Design of Steel Structure for Bridge)

AASHTO LRFD Bridge Design Specifications, 3* Edition.

For design requirements not covered by the above Codes and Standards the following
references will be used as required:

Japanese Specifications for Highway Bridges

AS 5100, Bridge Design, Australian Standard, 2004

EN 1994 Eurocode 4: Design of Composite Steel and Concrete Structures
FHWA-IF-99-025, “Drilled Shafts: Construction Procedures and Design Methods™,

1999

FHWA-NHI-00-043, “Mechanically Stabilized Earth Walls and Reinforced Soil Slopes,
Design & Construction Guidelines™, 2001

NCHRP Report 529, “Guidelines and Recommended Standard for Geofoam
Applications in Highway Embankments”, Transport Research Board, 2004

10



CHAPTER2 DESIGN OEMAIN GIRDER
21  STRUCTURAL DIMENSIONS ANESASAEYSIS MODEL
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CHAPTER 2 DESIGN OF MAIN GIRDER

STRUCTURAL DIMENSIONS AND ANALYSIS MODEL

2.1

Structural Dimensions
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2.1.2  Analysis Model

(1) Analysis Model
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(2) Structural Dimension of Abutment and Pier
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(3) Spring Constant of Foundation
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2.1.4  Loadings
(1) Self weight of Girder including Slab

Self weight shall be calculated by computer automatically design by using the unit weight 25
kN/m3
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(4) Live Load (Refer to Comparison Study Report)

The applied live load equivalent of the design load of the Project is established from the comparison
cases to be the JRA Live Load over the full carriageway width with multiplication factor 1.35.
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COMPARISON 5TUDY KATAHIRA ENGINEERING INTERNATIONALS

JAPAN BRIDGE LOADING
(L' LOADING)
2 LANES
{5.5m)
/\
= - ;\./\ 7 /
DLA 55190 022222 . o 7 ]
Applied for moving & uniform load i ’-75 v 4 35k m ) 1 5 kN/m
Moment Multiplier = 1.0 ’ ) | S ! y:
Shear Mulliplier =12 7
\Q'dp\,‘?b y |' z i
X i
l
75 kNI 135kNm? Y K rs kel
. A ) “‘Imﬁ‘ )
i 1 i
T L “I l ”l | E T
75 kN/m® 3.5 kN/m? 1.75 kNfm?

APPLICATION TO 11.50 m' ROADWAY WIDTH FOR EACH GIRDER

noimpact 14.875 kN/m' 57.375 kN/m" 14.875 kNfm'
with impact 18.181 kN/m' 70.125 kN/m' 18,181 kN/m'

(a} (b) {c}
10.0m
b
ﬂ H MOVING —» (2)
I | } positive moment
s1 SPAN 1 sz SPAN 2 53 SPAN 3 S4 SPAN 4 s5  span 1
I l T [ | !_rl_r]_l—l—g positive moment
s1 82 S3 s4 a5 Span2
[T ] i -
[ ] [ | ) Ppositive moment
s1 s2 s3 s4 s5 span3
{ [ ] positive moment
[ ! [ I | span4
81 52 83 34 85
tive moment
4
;llliHlIIIIIIIlI E | support 2
s1 82 83 S4 85
I I l TIT 17T negative moment
[ [ [ ! | support 3
$1 82 s3 S4 $5
[IT 11 | (T || oy negative moment
[ | | [ 1 support 4
S1 sz $3 $4 s5
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COMPARISON 5TUDY KATAHIRA ENGINEERING INTERNATIONALS

JAPAN BRIDGE LOADING
(L' LOADING)

FULL WIDTH
{11.50m)

. AR
DLA= m =0.22222 v
Applied for moving & uniform load 3.5 kN/m
| 17.3m:

Moment Multiplier = 1.0 / //

Shear Multiplier =12
@@ " I

& |

13.5 kN/m?

g

3.5 kNfm* STAGGERED PATTERN

il
i i!i[l[ﬂl!!ﬁ-fl\HJHH]HEHHI]IEHEEEI\HI\IUU!UIIEEIHFIHﬂ!ll[“lfﬂlﬁiﬂll!ﬂIF&“.IFW.]EW\HIIHIUHﬂi]lllll[ﬂﬂi]]lilillllmlﬂi]iﬂi[ﬁfl[mlil!ﬂﬂﬂ[l —

APPLICATION TO 11.50 m' ROADWAY WIDTH FOR EACH DIRDER

noimpact 20.125kN/m’ 77.625 kN/m' 20.125 ki/m'
with impact 24.597 kN/m' 94.875 kNim' 24.597 kN/m'

{d) () )
10.0m
Ed? & [% MOVING — 1di
| ] T ] positive moment
S1 SPAN 1 52 SPAN 2 $3 SPAN3 54 SPAN4 85 span
l | l lI |I [T II positive moment
81 82 s3 54 g5 Span2
[ ] | | | positive moment
$1 s2 53 . 54 85 span3
TT] positive moment
{ | | [ | span4
§1 82 s3 S4 85
I_rl_l_'_l_l_l _negative moment
{Illllllllllllllli | | support2
81 : S2 . 83 S4 55
[TTTTTTH TP T IT ] negative moment
[ [ [ [ | support 3
1 $2 s3 sS4 s5
I (] || by negative moment
| | ! | | supportd
51 52 53 . S4 85

10
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COMPARISON STUDY

KATAHIRA ENGINEERING INTERNATIONALS

INDONESIA BRIDGE LOADING
(D' LOADING)

DLA = 0.4 ,applied for KE

oMY

APPLICATION TO 11.50 m’ ROADWAY WIDTH FOR EACH GIRDER

no impact UDL = 49.50 kNfm'  KEL = 269.50 kN/m’

with impact UDL =49.50 kN/m'  KEL = 377.30 kN/m'

-3
upL u MOVING —=

[TT 1T 1%
I

! I I
st SPAN 1 52 SPAN2 $3 SPAN 3

1 positive moment
SPAN 4 85 span 1

[

[ 1 l positive mement

ss span2

S1 s2 s3 |
I

| positive moment

$1 s2 3 85 Span 3
1% -
[ | | ] positive moment
s1 s2 53 55 span4
T 111 ] .
IIIHIIIII[IIIIII!{ l negative moment
st 82 s3 55  support2
[T TTIT 1T I JTTITT
sl1 slz sls sls negative moment
support 3
[TTTFIT FIFT [FT7T {1 .
s|1 slz s.la ! 5'5 negative moment

IL.3. COMPARISON CASE

Case 1: Regulated JRA Live Load for 2 lanes

Case 2: JRA Live Load for 3 lanes

Case 3: JRA Live Load for full carriage width

Case 4:1.35x Case 3
Case 5: Design Code Live Load

support 4

Please refer to comparison table and figures in the following pages.

11
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(5) Temperature Effect

Temperature change per year: 10 °C

Temperature change per day: 5 °C

(6) Earthquake (Static Analysis, refer to Structural Design Criteria)

Ty =K, -1-W,;
where:
K h = C plastic " S
and:
T _ Total base shear force in the direction being
Eg considered (kN)
K = Coefficient of horizontal seismic loading
C Plastic base shear coefficient for the appropriate
plastic - - ..
zone, period and site conditions
1 = Importance factor (refer Table 2.2.4-5)
S = Structural type number (refer Table 2.2.4-6)
Total nominal weight of structure subject to
Wr = seismic acceleration, taken as dead load plus
superimposed dead load (kN)
Zone Cp!asa'c S Kh I Kh x I
(max)
MERAK 2 0.21 1.225 0.257 1.2 0.31
BALARAJA
NAGREG 3 0.18 1.225 0.221 1.2 0.27
GEBANG
PETERONGAN
TANGGULANGIN 4 0.15 1.225 0.134 1.2 0.22
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2.1.5  Arrangement and Detail of Longitudinal PC Tendons
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2.2

Summary of Design Result
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