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The Structural Analysis of the Classic Constructive
Solution of a Bridge Deck with a Railroad — Part II

Tudorel Ene, Dorian Nedelcu

Using the analysis from the first part of the paper [1], the deck geome-
try is analyzed on several constructive solutions, which differ in the way
of strut and lonjeron placement and in the way of loads placement. The
optimal solution should take into account the maximum values of ten-
sion and distortion and the number and placement of weldings be-
tween the deck elements. Finally, a comparison between the results of
the classic method and the improved method of the deck geometry is
presented.
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1. Introduction.

The stresses distribution of the initial geometry of the deck, identified as
variant 1 [1], revealed that the struts are not loaded.

Also, according to [2], point 9.5.1., the lonjerons and the struts of the metallic
base of the deck are made up of solid beams. The lonjerons and struts with
heights less than 1/12 and 1/10 of the deck span must be avoided.

In the geometry of variant 1, presented in part I, both the lonjerons and the
struts are undersized from this point of view, the stress difference being taken up
by the marginal beams.

In the present paper a modified geometry is proposed, identified as variant
2, where the profiles I HEM 320 h1 359 x b1 309 are allocated to lonjerons no. 1
and 4, located in the area of the wagon way, and the other elements are made up
of profiles I HEM 160 h1 -180 x b1-166.

The structural analysis has the following objectives:

e creating the new 3D geometry of the deck, identified as variant 2;

o the structural analysis of the variant 2 geometry, which aimed to determine
the stresses and deformations on the deck.

e the comparison of the results obtained on variant 1 and variant 2 respec-
tively.
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2. The geometry of the variant 2.

The geometry of variant 2, Figure 1, is designed in the following configura-
tion: the profiles I HEM 320 h1 359 x b1 309 are assigned to the marginal struts
and to the lonjerons no. 1 and 4, while the rest of the elements are made from the

profiles I HEM 160 h1 180 x b1 166.
The mass properties of variant 2 are shown in Table 1.
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Figure 1. The geometry of the variant 2

Table 1
Property Values Units
Mass 33897042 = 33,8 grams / tons
Volume 4307121047 cubic millimeters
Surface area 364746561 square millimeters
Center of mass X=12024.16; Y=49.34; Z=2457.08 millimeters
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3. The structural analysis of the variant 2.

The analysis conditions were similar to those in the structural analysis of
variant 1 [1]. The geometry of variant 2, Figure 2 = 7, was loaded on the lon-
jerons no. 1 and 4, made from profile I HEM 320 h1 359 x b1 309, on each of the
6 elements corresponding to the lonjerons (left, center, right), Table 2. Each of the
6 segments has a different length which is specified in the table. The total pre-
scribed force of 250,000 N was distributed over the 6 segments, proportional to
the length of each segment. The mesh was done with beam elements for profiles
and solid types for the supports.
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Figure 4. The load applied to the right lonjeron no. 1
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Figure 7. The load applied to the right lonjeron no. 4

The results are presented as the distribution of maximum stress and dis-
placement.

The maximum stress resulted in the area of the four supports, with a value
of 56,6 MPa, Figure 8. Figure 8, respectively, the graph in Figure 10, shows the
stress distribution on struts, measured at the middle of each segment.

The two figures show that the stress on the supports are reduced to the
middle of the segment, with a maximum of about 13.5 MPa near the supports.
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Table 2.

. The position of the | The length of the
Lonjeron loni - Force
no onjeron segment | segment lonjeron IN]
) on the deck [mm]
1 Left 5300 29604.97
1 Center 10088 56349.99
1 Right 6990 39045.04
4 Left 4548 25311.67
4 Center 10088 56144.26
4 Right 7824 43544.08
The total force [N] 250000

Figure 9, respectively, the graph in Figure 11, shows the stress distribution
on lonjerons, measured at the middle of each segment.

The two figures show that the tensions vary in the length of the lonjerons,
with a maximum of about 52.9 MPa in their central area, the maximum peak val-
ues of 56.6 MPa recorded at the ends being due to the stress concentration on the
supports.

The maximum displacement was recorded in the middle of the deck, with a
value of 54,8 mm, Figure 12.

Upper bound axial and bending (N/mmA2 (MPa)]
56591

51875

L ar159

Model name:Pod - varianta 4

Study name:Static 1(-Default<As Machined:
bound =zl and b

. d2.443 "
Plottyse: Upper baund axial and bending Stresst

LR
L 3om
| 8.2%5
| 23.580
| 18.864

L 14148

9432
4718
0000

-
)

9961 N/mm~2 (MP:

Figure 8. The stress distribution on the struts variant 2.
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Figure 9. The stress distribution on the lonjerons variant 2.

Figure 10. The stress distribution along the struts variant 2.
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Figure 11. The stress distribution along the lonjerons variant 2.
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Figure 12. The displacement distribution variant 2.

4. Conclusions.

The comparison of the results is presented in Table 3.

Table 3.
Maximum stress on The maxi-
Maximum stress | the lonjerons [MPa] mum dis- M
. . ass
Variant on the struts In th I tral placement in [tons]
[MPa] n the n centra central area
supports area
[mm]
1 6 313,482 120 187,7 22,7
2 13,5 56,6 52,9 54,8 32,1

The following conclusions are drawn from the analysis:

« the struts are very rarely loaded in variant 1, their cross section can
be reduced by replacing profile HEM 320 h1 359 x b1 309 with profile
I HEM 160 h1 180 x b1 166;

« the maximum stress is recorded on the longitudinal axis of the lon-
jerons in the central area, the maximum stress value for variant 2
being 2.3 times smaller compared to variant 1;

e the maximum displacement value is 3.4 times smaller compared to
variant 1;

« the mass of variant 2 is 40% bigger compared to variant 1;

* increasing the rigidity of the deck in case of variant 2, will allow the
resizing of the marginal beams, their weight decreasing substantially,
which will also reduce the weight of the bridge;

« for variant 2, lonjerons with lengths close to the length of the sup-
plyer can be used, welded with only the central struts, cut at lengths
equal to the distance between the lonjerons, which will improve the
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strength of the deck and will reduce the number of ribs, the number
of corner welds and the execution time.
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