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Steel Trestle Calculation with Midas Civil
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Abstract: Through the construction of the water engineering of the Xiaogan-Changzhi channel project from Zhoushan
Shengsi to Dinghai Highway, the construction technology of the water steel trestle is expounded, and the application of
Midas Civil software in the calculation of steel trestle bridge is introduced. Through the calculation of the most unfavorable
load combination for different conditions, and the accurate calculation results are obtained, which provides engineering
data for the design of the offshore steel trestle.
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1. Project Overview

The main trestle has a total width of 8+1 meters, a span of 12m and a total length of 1410m. The trestle pile is
©800x10mm steel pipe pile, each row of 3 steel pipe piles, each pile spacing is 3m. The rear anchor pile is installed every
24m in the bare rock zone trestle, the rear anchor pile is ¢1000x10mm steel pipe pile, and the pile diameter of the bored
pileat the bottom is 1000mm. The ¢430x6mm steel pipe is used for transverse connection at 50cm above the normal water
level, the lower beam is 2140 steel, and the vertical beam is 321Bailey beam. The bridge deck is made of steel plate, and

the bridge deck is made of 125, 112.6 and 6=10mm steel plates.

2. Construction Process

The construction process of the trestle is shown in Figure 2-1.
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Figure 2-1. Flow chart of the construction process of the trestle

3. Structural Layout and Material Properties

3.1 Section design

The structure is designed as a Baileybeam trestle, and the lower part adopts@800x10 steel pipe pile, ¥426x6 parallel
connection, groove 20 diagonal support, double limb 40a beam, and the upper part is “2+34+2” combination Bailey beam,

25a@75cm and 12.6@30cm distribution beam, 10mm steel panel. The Baileybeam and the beam stop are processed by the

groove 8.
The cross section design is shown in Figure 3-1.
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Figure 3-1. Cross section of thick overburden area and shallow overburden area
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Mrii#R i : Deck elevation

METiAR S Pile top elevation

4. Steel Pipe

F: Groove

4. Load Analysis

4.1 Superstructure load

SingleBaileytruss load: 1.5KN/m, including wind bracing
All areas of steel panel deck: 1KN/m’

4.2 Uniform construction load

All areas of the bridge deck: 2KN/m*, the combined load and crowd load have been considered.

Figure 4-1. Diagram of uniform construction load
4.3 Locomotive load
Crawler crane: weight 800KN, hoisting weight 200KN, track width 80cm, length 540cm, center spacing 420cm.
Tanker: full load 350KN, wheel track 1.8m, wheelbase 3.2m+1.3m, front wheel landing area 0.30mx0.20m, rear wheel
landing area 0.60mx0.20m. The front axle gravity standard is 70KN, and the rear wheel gravity standard is 2x140KN.
The lateral lifting coefficient is: 1.6.

Crawler Type i ______________ i

Figure 4-2. Diagram of force on crawler crane
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Figure 4-3. Diagram of truck load
4.4 Wind load

Normal construction wind speed: 17.1m/s (seven wind);
Calculated according to the provisions of section 4.3.7 of General Specifications for Design of Highway Bridges and

Culverts (JTG D60-2015):
Transverse bridge wind load F,, = k k,k;W, A4,

W, = }/de s W= ﬂlé Vi =kksV,
2g 2

7 =0.012017¢°"*

Fui--transverse bridge wind load standard value (KN);

W o--basic wind pressure (kPa);

Wi--design reference wind pressure (kPa);

Awn--transverse windward area (I0°);

Vio--The basic wind speed of the design of the area where the bridge is located is based on a flat open floor and is

10m above the ground.

Vo--design reference wind speed (m/s), the wind speed at the high Z from the ground;
Z --the height from the ground or the water surface (m);

y --air gravity density (KN/m?);

ko--the coefficient of the design wind speed return period, which is 0.75;

ks--the coefficient of terrain geographical condition, take 1.00;

ks--the coefficient of gust wind speed, which is 1.38 in the class A area;

ko--considering the ground roughness class and the wind speed height change correction coefficient of the gradient
wind, the class A area takes 1.23;

ki--wind load resistance coefficient, 7K, =0.74x1.3 =0.962 (wind load coefficient of truss, including the actual
area ratio of bridge deck according to 0.4);

g--gravitational acceleration (g=9.81m/m’).

7 =0.012017¢"" =0.012017¢ "°""* =0.012
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The benchmark of wind pressure: W, = 0.012 (1 :23x1.38x17.1 ) =0.52kN / m’

2x9.81

SingleBaileybeamand bridge deck windward are: A4 , =0.44=0.4x1.7x3 = 2.04m’
The wind load is: F,, =kkk;W,A,, =0.75x0.962x1.0x0.52x1.68 = 0.63KN
Unit I56a I-steel vertical windward area: A4, = A =0.56x3 = 1.68m*

The wind load is:  F,, = kyk kW, 4., =0.75x0.962x1.0x0.52x1.68 = 0.63KN

0000000 0 00300000000 0 0

Figure 4-4. Diagram of wind load
4.5 Water flow

The water flow is calculated according to Load Code for Harbour Engineering(JTS 144-1-2010):
F =C, pva /2

F, = 0.73><0.8><%><1.762 x0.8%(3.2+17.8)=15KN

Point elevation h=3.2- (3.2+17.8) /3=-3.8m.
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Figure 4-5. Schematic diagram of water flow load
5. Load Combination and Analysis Conditions
The most unfavorable construction condition is high tide, the crawler crane is not working, and the tanker is wrong.

Consider a combination of Msuperstructure load, @construction load, ®crawler crane, @tanker, ®wind load, and

®water flow force. According to Load Code for the design of building structures(GB 50009-2012), the calculation

combination is as follows:
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Basic combination: 1.200+1.4 (@+@+@+0.76+®)

6. Structural Calculation

6.1 Main technical parameters

The working platform Bailey beam is made of 16Mn steel, and the rest is made of Q235 steel. According to Standard
for design of steel structures (GB50017-2003) and Design rules for cranes (GB3811-2008), the allowable stress value of
Q235 steel is 175MPa under wind load conditions; the allowable stress of 16Mn steel is 210MPa.

According to Specifications for Design of Highway Steel Bridge (JTG D64-2015) ,because the bridge is a temporary
bridge, the allowable stress of steel is increased by 30% under the basic allowable stress, which is 273 MPa. When
calculating the wvertical deflection,it should be calculated with reference to Standard for design of steel
structures(GB50017-2014). The main components of the structure are shown in the following table:

Table 6-1. Main component materials and allowable stresses

Serial numer Component Material Allo[\;vi\tjll;;tress
! disieton boam Q233 175
) Lateral distribution Q235 175
beam
3 Bereliang 16Mn 273
4 Steel trestle Q235 175
5 Pile top beam Q235 175
6 Steel pipe pile Q235 175
7 Anchor pile Q235 175

6.2 Steel trestle structure calculation
The large finite element software Midas/Civil is used to analyze the thick cover area and shallow cover area of the

trestle. The model has 13156 units and 8565 nodes. The calculation model is shown in Figure 6-1.

Figure 6-1. Model of trestle finite element

6.3 Check of the basic combination of the most unfavorable construction conditions of steel trestle

6.3.1 Checking of bridge panel structure
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The strength calculation results are shown in Figure 6-2.

MO3imELL 3RS
SIG-EFF ABS MAX
3.10955e+001
2.87797=2+001
2645552 +001
2.41393e+001
2.18151=+001
1.949882+001
1717852 +001
1485842 +001
1.253822+001
1,021802+001
7.897752+000
5.57754=+000

A

2.0680E+002

CBall: TR—&~

Figure 6-2. Strength check stress diagram of bridge panel (unit: MPa)
According to the calculation results, the maximum combined stress of the bridge deck is 31.1 MPa, which is less than

the allowable stress of Q235 = 175 MPa. The strength and rigidity of the bridge deck meet the requirements of the

specification.
6.3.2 Checking of bridge deck i-beam structure

The strength calculation results are shown in Figure 6-3.

BEAM 51RESS
He@mARE
1.358732+002
1.10879=+002
£.58853e+001
6.089132+001
3.58972e+001
0.00000e +000
-1.40808e+001
-3.90843 +001
-6.4078% +001
-8.90730e+001
-1.140672 +002.
-1.39061e+002.
EE=
2.0680E+002

CBall; TiH—Z~

Figure 6-3. Strength check stress diagram of bridge decki-beam (unit: MPa)
B AAE: Max

According to the calculation results, the maximum combined stress of the bridge i-beam is 139.1 MPa, which is less

than the allowable stress of Q235 = 175 MPa. The strength of the bridge deck i-beam meets the requirements of the

specification.
6.3.3 Checking of horizontal distribution of i-beam structure

The strength calculation results are shown in Figure 6-4.

HaEAm
1634432 +002
1.35707e+002
10797124002
8023492 +001
5.24988e+001
2.476272+001
0.000002+000

-3.070962+001

-5.84457=+001

-6.618182+001

-1.139182+002

-1.416542+002

Egr=
1863564002

Figure 6-4. Strength check stress diagram of the horizontal distribution of the i-beam (unit: MPa)
BAAE: Max
According to the calculation results, the maximum combined stress of the horizontal distributed i-beam is 163.4 MPa,

which is less than the allowable stress of Q235 = 175 MPa. The strength of the horizontal distributed i-beam meets the

specifications.
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6.3.4 Checking of bailey beam structure
The maximum spacing of the distribution beams is 12m, and the force calculation is according to the 12m span.

6.3.4.1 The strength calculation results are shown in Figure 6-5.

DCMIM 21RE32

E4(XH)
1.8723%+002
1,572962+002
1,17354e+002
7.741192+001
3.74557=+001
0.00000=-+000

-4,241472+001

-8.2356% +001

-1.22299e 4002

-1.622412 4002

-2.0218424002

-2.42126e 4002

Ei=
2145564002

CBall: TH—&~

Figure 6-5. Strength check stress diagram of Bailey beam (unit: MPa)
B AAE: Max

6.3.4.2 The stiffness calculation results are shown in Figure 6-6.

DISPLACEMENT

58
-1.458642+000
-2,535512+000
—-3,60238e+000
— -4,659252+000
+-5,73612e+000

-1.00036e-+001
= -1.10705e+001
o -1.21373e-+001
-1.32042e+001

2280784002

Figure 6-6. Check deflection diagram of Bailey beam (unit: mm)

According to the calculation results, the maximum combined stress of Bailey beam is 242.1MPa, which is less than
the allowable stress of 16Mn [O'W ] = 273MPa; the maximum deflection of Bailey beam is 13.20mm, which is less than
1/400 (12000/400=30mm) of the calculated span. The strength and stiffness of the Bailey beam meet the requirements of
the specification.

6.3.5 Checking of pile beam i-beam structure

The maximum spacing of the distribution beams is 3m, and the force calculation is according to the 3m span.

6.3.5.1 The strength calculation results are shown in Figure 6-7.
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Figure 6-7. Strength check stress diagram of pile beam i-beam (unit: MPa)
B KfE: Max

6.3.5.2 The stiffness calculation results are shown in Figure 6-8.

-1.454728+000
-1.641742+000
-1.828772+000
o -2.01579e+000
-2,20281e+000
-2.38984e+000
-2.576862+000
-2.763892+000
-2.350912+000
-3.13753=-+000
-3,324362+000
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8.5905E+002
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Figure 6-8. Check deflection diagram of pile beam i-beam (unit: mm)

According to the calculation results, the maximum combined stress of the pile beam i-beam is 114.2 MPa, which is
less than the allowable stress of Q235 = 175 MPa; the maximum deflection of the pile beam i-beam is 3.51 mm, which is
less than 1/400 of the calculated span (3000/400= 7.5mm). The strength and rigidity of the pile beam

i-beam meet the requirements of the specification.

6.3.6 Checking of steel pipe pile structure

6.3.6.1 The strength calculation results are shown in Figure 6-9.

HE(BAM)
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Figure 6-9. Stress calculation diagram of steel pipe pile (unit: MPa)
B KfE: Max

6.3.6.2 The stiffness calculation results are shown in Figure 6-10.
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Figure 6-10 Deformation diagram of steel pipe pile (unit: mm)

According to the calculation results, the maximum combined stress of the steel pipe pile is 49.9 MPa, which is less
than the allowable stress of Q235 = 175 MPa. The maximum deformation of the steel pipe is 5.37mm, which is less than
L/2500 (20000/2500=8mm). The strength and rigidity of the steel pipe pile meet the requirements of the specification.

6.4 Checking of trestle stability

Through the buckling analysis, the buckling modeis observed, and the buckling analysis results are as follows:

lERER
FEH#=9.569E+000

Figure 6-2. Calculation results of buckling analysis

In the most unfavorable case, the overall safety factor is 9.569, which is greater than 4, which meets the requirements.

6.5 Summary of calculation results of main components

Basic Allowance
combination
Check position Unit of the most Allowable Allowabl.e
adverse deformatio
. stress
working n
conditions
Bridge deck stress MPa 31.1 175
Deck I-beam (I12.6) stress MPa 139.1 175
Horizontal distribution I-beam
(I25) stress MPa 163.4 175
Bailey beam stress MPa 242.1
273 30
Bailey beam maximum deformation mm 13.20
Pile beam I-beam (2140) stress MPa 114.2
1 .
Pile beam I-beam (2140) maximum 75 75
. mm 3.51
deformation
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Steel pipe pile (¢800x10) stress

MPa

49.9

Steel pipe pile (¢800%10)
maximum deformation

5.37

175 8

6.6 Conclusion

Under the construction load, the stress, deflection deformation and safety factor of the trestle structure are within the
scope of the specification and meet the requirements of the specification.
In the calculation of the bridge deck 125a and 112.6, some values are large. Considering the adverse factors such as

rusting of materials, in order to ensure adequate safety factor, pay attention to properly adjust the laying of the 125a and

112.6 during construction.

7. Concluding Remarks

The steel trestle uses Midas Civil software for structural calculations, which saves computation time, improves

calculation accuracy, and provides reliable engineering data for design. It provides a reference example for future design

and construction, indicating Midas Civil software has considerable promotion value inconstruction.
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