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Figure 1-6 Cargo: AIR PREHEATER Cold and Center Truss (90.00T)
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4. ANALYTICAL RESULTS

4.1 Plank Girder Bridge Span 10m (Taken from Case 2)

In this section, the analytical results of Plank Girder Bridge with Span 10m taken from Case 2 is
presented as an example. Both FEA results for estimating demands in bridges and sectional capacity of

bridge components for both moment and shear capacity are given.
4.1.1 FEA

Case 2: PG(2x10m) <
Cargo-Cold and Centg - DI

M1 Imax(average)= 0.3 T-m/m
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Cargo-Cold and Center Truss DIM7.96x3.53x2.16m IM20%
Mmax(average)= 3.89 T-m
Vmax(average)=8.25T
HS2 1+ IM =20%

Mmax(average)= 2.39T-m
Vmax(average)=8.05 T
HL-93(1+ IM=20%

Mmax(average)= 2.95 T-m
Vmax(average)=9.14 T

DL+
Mmax(average)= 3.36 T-m

Vmax(average)=16 T

Axial Force in Column
Cargo-C enter Truss DIM?7 53x2.16m 1IM20°

Pmax=-213T
b+ IM =20%
Pmax=-1093T
HL-93(1+IM), IM=20%
Pmax=-13.8T
DL+SDL
Pmax=-219T

4.1.2 Capacity Evaluation

4.1.2.1 Plank Capacity

I
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m Span Length R T — s _ A
Bridge Width = 14 m
Asphalt Overlay = i cm
Slab Thickness, t,, = 10 cm
No. of Plank Girder, N, = 14
Weight of Sidewalk = 0 kg/span
Weight of Parapet = 15,200 kgfspan
d. = 020 m
(d.=Dist. between edge of ext. PG. to int. Parapet)
Overall Condition Rating = 5
= 1.75
- Cnncrete l’restresslng Stael
f'. Plank Girder, £, = 350 kse Dia = 0.7 cm
f'. RC Topping, f e = 240 ks¢  Area, A, =" 0385 ¢m’
E. Plank Girder, E,, = 284E+05 ksc Eu = 2.01E+06 ksc
E. RC Topping, Eqep ) =  2.356+05 ksc fu = 16,000 ksc
Density, ¥ s = 2400 kg/m
- Reinforcing Bar (Stirrup) A %
Dia. % r\‘\' = 2,400 ksc
Area, A, & @ ing, s = 17 cm
E ' = 2.01E
3 5 ecﬂanai Hﬁ%ﬂ rties ﬁ ﬁ .' Lﬂj“-“f: 5] "“ﬂ*f* 'ﬁ‘r“:s f t’i-”’ 4_#*}
-Plank Girder (PG) - . Sy . Compiosta Suction [COMY. - -
Depth, h,, = 35.00 cm Depth, hm = 4500 com
Area, A, = 3,241.25 oM’ Area, A, = 406933 cm’
i = 3356195 cm' | = 686,594.7 cm’
e = 996968 <M' (G, (from bot.) = | 2181 ‘em
CG,,(from bot.) = 17.16 cm
- Prestressing Steel
Total Quantity, n = 60.00 no.
Total Area, A, = 2309 om’
CG,, (from bot.) = 11.25 cm
ApemiRate TR R e
Initial Prestress fﬂ = 11,20000 ksc
Total Prestress Loss, Af ;= Af ot Af gt Afcq#Af qg) = Afest Ay = 2835.30 ksc
Effective Stress in Tendon after Losses, f, =f ;- Af; = B8364.70 ksc
Effective Prestress Force, P, = A f, = 193,146.73 kg
76
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Mnment HESIStEI"IIﬁE Factur q:m = 1{] | k {Stress Helleved Stand] * = D
f'. (Plank Girder) = 350 ksc  B.(Plank Girder) = 0.80
Transformed Flange Width, b, = 82.75 cm d.= heomCGys = 33.75 cm
Depth of Neutral Axis c = A,f,./[0.85F P,b,+A f k/d] = 1549 c¢m
Depth of Equivalent Stress Block a=f,c = 1239  c¢m
¢ = fou[1-k(c/d,)] = 13,210.0 ksc
M QM.-QA,,, I,,[d afZ] = 84.06 T—
oy G % 5 REGE
- 5 (f. qu;,i Mo 5] = 450008 8EE @ S.f . SLPHOS e
Therefnre, M. = 43,2909 kg-m
1.2M, = 5195 T-m (Control)
1.33M, = 7099 T-m
At any section of PG., M, is developed as the lesser of 1.2M_ or 1.33M,
M = qlM = Bd DE > 51 95 T-m
Shear Hesnstance F:sm:ta'::irr % = 0,9{} d,=dp
Effective Shear Depth, d, = 324 em fo=0.7f, = 11,200.0 ksc
Effective Shear Web, b, = 90.00 Q = 21.8 deg
Critical Section 0.5d cot © = oJ @%1 = 3.75
V, {@critical) = %ﬁi kg M, (@critical) = 18,007.6 kg-m
A, min = 0.026(F )"*b,s/F, = - 0310 o A - 0.565 cm’
& (x1000) = 0.07 V. =A,f,d,cotd/s = 6,738 kg
V, = 0.265 B(f' )" b.d, = 59272 kg V.=V +V, - 66.01 T
4.1.2.2 Cross beam
TBeambata e SR R
b
] #-{ | - Geometry & Data
A ® ® @/ 3DB25 Width, b = 55 cm
Thickness, t = 70 cm
Coverin = 3 cm
= Str. RB3@0.20 Effectivs Depth, d = 64.85 com
Stirrup Spacing = 20 cm
®» o @&! 3-DB2s Overall Condition Ratin = 5
y &c/er = 1.75
7
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- Cbncrete -
Comp. Strength, f.
- Reinforcing Steel
- Main Rebar

1}
Pd
ot
o
o
3

™
==

i
o
co
w

Yield Stress, f, . 3,000 ksc
Diameter = 25 mm
Area = 491 cm’

- Stirrup
Yield Stress, f,
Diameter

. o Q '
Area of Flexural Bar in Tension Side e(;(;\ = 1473 cm

Depth of Neutral Axis o/ /\ f,/0.85f B,b = 529 cm
Depth of Equivalent S &%B Ig' a=P,c = 450 cm
M“=A’f’[d-a{2] T T T M e ot o LS R ot
a_Nominal shear Resistance |~ | 1 G0l
Shear Resistance Factor, @,
Area of Stirrup (2-legs)
V. = 0.53 sgrt(f.') bd
V,=A,f,d/s
V.=V . +V,

4.1.2.3 Column

et 5 e S sk e S TR e R et e R e R e wly: e
- - 3 ¥ i s ¥ - o w1 el 1= LI el g g e f T -
s TRg R ni T, U CER Rt R R P S Y L s R e Y R e o
e

i S H
. L B o R b o T WS R i i - & 1 o e e L AT R ke iR AT S O o
o =, e .-—_-:.-:'._ e b T .\,.— g ..-:.'-_ b lr'_'.'_---'- S k! -.-'.'_,\_"' Gl At i _..'__-r -1_-_..::![,'."F"i":".—:.".:_-__'!_:'::_lrl_s‘-:__l.h e 2. : ' ‘T-_E. '.E"".\- i ‘__--\.I.,h_ e
1. ColumnData = = T R e e ety e UV R S R S T e R R R R T
: oty E 5 e ; o PR

- Geometry & Data
Width, b
ickness, t
Str. RBO@0.20 Mk
Covering
Overall Condition Rating = 5

ec/er 1.75

I
B
Qo
)
3

40 cm
cm

i
L
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Comp. Strength, ., = 210  ksc B, = 0.85
- Reinforcing Steel
- Main Rebar

Yield Stress, f, = 3,000 ksc

Diameter = 25 mm

Area = 491 cm’
- Stirrup

Yield Stress, f, = 2,400 ksc

Diameter = 9

Area = o 0.636 |

Ama! Resmt:ance Factur, cpa

Area of Rebar, A, _

Cross Sectional Area, A, . =

P, = 0.80[0.85f (A -Aﬁ]+f A,i% Ef\%

Py= @P, i
Minimum P, {C@ 4 tﬂ Standard Dwg. of DOH) = 90 T
Therefore, P, = = 890/0.75 = 120 T

9
Submission for Cargo weight less than 90T Transportation (Route 24) HONGSA POWER PLANT PROJECT

Siam Yew Choon



5. ASSESSMENT OF BRIDGE ALONG THE ROUTE

5.1 DOH Criteria

In this section, the analytical results of bridge assessment using DOH criteria will be presented.
Table 5-1 presents the summary of bridge assessment for all selected bridge cases on superstructures.
By using DOH criteria in which the speed of the vehicle is limited to be less than 10 km/hr during
transportation, the demands occurring in the bridges due to the oversized trucks are allowed to be
greater than the demands due to HS20-44 about 2.17 times. By using the criteria, Table 5-1 shows that
all bridge superstructure for span length up to 22 meters satisfies the criteria. However, since these
criteria do not consider the capacity of the existing bridge components, the satisfaction of DOH criteria

might not reflect the safety and durability of the bridges subjected to oversized 1

Table 5-1 Bridge Assessment Based on DOH Criteria

rucks.

Case 90 T HS20x1.67 HS20x2.17
No. Shear Moment | Shear Moment
1 3.56 9.60 |
2 14.82 8.18 3433 10.63
3 3.63 li53 12.35 16.28
4 12.39 5.39 31.07 7.01
5 11.69 6.41 3390 8.33
6 20.39 20.99 34.26 27.28
7 8.78 4.84 34.72 6.29
8 4.2 12.86 12.43 16.71
9 8.3 4.53 33.01 5.88
10 4.02 7.39 10.78 9.60
11 2.2 10.43 12.20 13.55
T 5.83 1286 | 1345 16.71
13 29 10.43 6.66 13.55
14 3.01 6.25 11.91 8.12
15 21.63 _l 22.75 38.41 29.56
L - SO
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Analytical Verification of Bridges Subjected to Cargo Transportation (Route 24)
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Pavement Analysis Route 2A

On the route 2A from highway no. 7 to Laos Border, we can explicit in the following load case
depend on amount of trailer axles as following:
- With 15 axle b = 3.0m and we can carry cargo 90t, so total weight = 139.5t
So 1n this analysis of pavement check we will distribute in 3 tire load as following:
- 15 axle b = 3.0m; weight/axle = 9.3; weight/tire = 1.16t
As the load on tire show above here we can use the calculation of route 2A (139.5t total load responses due to
two load types: Standard Thai Truck and a Special 15 — axle Truck) to prove that all load, which act on
pavement along route 2A not critical. -

&

Below here is calculation check on pavement of 90t lraniport

This is an analysis of pavement res;;&! M‘% %MESZ Standard Thai Truck and a Special
15 — axle Truck used to transport a 90 tons % ' @
Assumptions

The assumptions of the analysis are:

- The analysis method is based on layered elastic theory.

- Pavement is made of layers of materials one upon the other.

- Each layer has a finite thickness but the lowermost layer is infinite in thickness.

-  The interfaces between layers are fully bonded.

- Each layer is homogeneous, isotropic, and linearly elastic which can be characterised by Modulus

and Poisson’s ratio

- Typical pavements consist of:

Asphalt Pavement
Asphalt concrete 100 mm
Crushed rock base 200 mm
Soil aggregate subbase 200 mm
Selected material 300 mm
Subgrade CBR 3 %



Recycled Asphalt Pavement

Asphalt concrete 50 mm
Cement treated base 200 mm
Soil aggregate subbase 200 mm
Selected materal 300 mm
Subgrade CBR3%

- Flastic properties and thicknesses of pavement materials for analysis are shown in Table 1.

Table 1 Properties of pavement materials

Materials Modulus (MPa) Poisson’s R;:ﬁn

Asphalt Concrete . 2500 o)

Cement Treated Base 800 {ﬂ

Crushed Rock Base | 350 0.35
Soil Aggregate Subbase S 0.35
Selected Material 100 0.35
Subgrade _ 30 0.35

- Wheel load applies on pavement surface over a circular area. The load is uniform pressure which

equals to tire pressure.

Wheel load
Speci ~axl ck

a) ing a maximum wheel load due entric load for analysis.
Weight per tire 2.69 Tons (Normal Load = 1.852 Tons)
Tire pressure 120 psi = 828 kPa

Radius of contact area 101.7 mm

Special 15-axle Truck

Total load 139.5 Tons



Weight per axle

Weight per tire

Tire pressure

Radius of contact area
tand al Truck

Total weight

Weight per axle

Weight per tire

Tire pressure

Radius of contact area

Load Locations

Load of the special truck for pavement Afaalysis

are shown in Figure 1(a).

139.5/15 =9.3 Tons
93/8 =1.16Tons
120 ps1 = 828 kPa
89.5 mm

25 Tons

10 Tons

2.5 Tons

100 psi = 690 kPa
1074 mm

O

1 |
E%ﬂ ﬁrs of B-wheel axle. The load locations

Load of Thai standard truck for pavement analysis is a group of dual wheels of tandem axles. The

load locations are shown in Figure 1(b).

Load of the special truck for pavement analysis consists of 3 rows of 8-wheel axle. The eccentric-load

locations are shown in Figure 2.

Positions for checking strains are under wheel loads, the middle between dual wheel loads and the

middle between two adjacent axles as shown in the Figure.



( Dimepsion : Millimeter )

@ Positions for checking strains

Travel
Direction

Figure 1 Load locations of (a) Special truck and (b) Standard Thai truck



Figure 2 Load locations of Eccentric-loaded truck

Pavement Model
The typical pavement is modeled for analysis as shown in Figure 3. The depth to calculate the tensile

strains are at the bottom of asphalt layer and cement treated layer. The depth to calculate the compressive

strains are on top of base course, subbase course, selected material course and subgrade.

! (] r i ] i r
! — : ;: L =

| «O> Tensile Strain

10T et AT

-

3
Asphalt Concrete i : Asphalt Concrete : - |
Crushed Rock Base ! ! I Cement Treated Base I | l
Soil Aggregate Subbase l .I l

Soil Aggregate Subbase

—»0
S o T
—pL)- - —pl)

Selected Material * T Selected Matenal f ¥ *
Subgrade CBR 3 % ]F }J ¥ Subgrade CBR 3 % ¥ ¥ 1
(a) (b)
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Figure 3 Pavement model (a) Asphalt Pavement, (b) Recycled Asphalt Pavement

Pavement Analysis

Pavement analysis is performed by CIRCLY which is a layered elastic theory based computer

program.

F;}r asphalt pavement, the pavement is loaded with 15-axle truck. The maximum tensile strains and
compression strains for standard truck load and special truck load are summarised in "i'ablc 2, and 3.

For recycled asphalt pavement, the pavement is loaded with 15-axle truck. The maximum tensile

strains and compression strains for standard truck load and special truck load are summarised in Table 4.

Table 2 Maximum tensile strains and Maximum compression strains: case (a) Special 15-axle Truck Non-

under: AC Layer 265.9 @6} 113.3?

m ion (}

Strain on :
Base course 7239 OG- 310.9 S ﬁﬁ}“_‘??@@"
©066-0060-
DD D 0000
Subbase course 337.9 234.3 S E QO $t¢¢ @
b dd otk
db AR A A A
Selected material |  410.6 D 199.515 DOOO-0O OO
§ & g T i mp iy e
E __L.__i__,::-.-. _ _@__r@,@_
DN SO0
Subgrade 498.7 363.6 V00O 0000
DD DCOO-OP o6




Table 3 Maximum tensile strains and Maximum compression strains: case b) Special 15-axle Truck -eccentric

load
_.:-,?'-.:'-I:ﬁ%.li A
Tensile Strain D¢ ZASEEASTAS
under: AC Layer 265.9 éﬂé}_ 156.6 . .@
| — ' @0 @o 500
m ion :
train on : '
Base course 1239 398
Subbase course 5379 | -OHD- | 3295
Selected material | 4106 | (i) | 2632
00
Subgrade 4987 | - | 4426
..._...._E..-..é.,.-..ir_.__ ﬂﬁ ﬂﬂ ##
“‘* “'%a
G- OO



Table 4 Maximum tensile strains and Maximum compression strains due to 15-axle truck

(Recycled asphalt pavement)

I._ﬁl-'? ..l.-

Al smmm@ Thﬂ Tnli:k

——
e W - 2o "ﬂ-\. 2y

Tensile Strain

under :

AC layer 82.1 .J@ 39.6 --@}{}@@ 00 DO~

.............

bt 90000000~

-'@‘?@" N ,\3 SO0 _é; OO0~

900000

Base course 272.0 @O di o
OOOO— OO0~
PanWan) .-'H Fany r‘x .-*-. .r-"‘\ r"w.
OOy 1.,..! x.,.fu

Base course 524.0 H@@ 274.7 @@‘“—‘@“@r@“ 3
S @@@@@@-—-

Subbase course 568.1 __. 279 —{?5-@ {3{%}-_@,:-._@3___
s OO oc-—-- t@ ----- .

.............

Selected material |  423.4 225.7 @{%@%@_

Subgrade 522.8 413.6 @{;—}@ @@@
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TRAFFIC MANAGEMENT PLAN BASED ON
MAX. HYDRAULIC TRAILER CONFIGURATION 5
( 15 AXLELINE (1+1/2)) FOR 100T CARGOES
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B TRAFFIC MANAGEMENT PLAN BASED ON D
MAX. HYDRAULIC TRAILER CONFIGURATION

( 15 AXLELINE (1+1/2)) FOR 100T CARGOES
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TRAFFIC MANAGEMENT PLAN BASED ON
MAX. HYDRAULIC TRAILER CONFIGURATION
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