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Abstract

The pontoon-separate floating bridges have many advantages to apply to the construction of
civil floating bridges in Vietnam. This article presents the study of the influence of beam
stiffness on the force transmission of concentrated load to the pontoon and the bending
moment in the beam caused by this load, as a basis for designing civil poonton bridge to carry
loads for small tonnage motor vehicles serving rural traffic. The author uses theoretical
research methods using SAP2000 software. The results show that the moment in the beam is
directly proportional to the stiffness of the beam. The transmission of force to pontoon away
from the force application point is also directly proportional to the stiffness of the beam.
Initially, the force transmitted to the pontoon near the force application point is inversely
proportional to the beam stiffness, and then directly proportional to the beam stiffness.
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1. Introduction
Pontoon-separate floating bridges have many advantages and are widely used

around the world [1-3]. In Vietnam, this type of floating bridge is suitable for use as civil
floating bridge due to many advantages such as: easy to manufacture, taking advantage
of available materials such as drums, plastic buoys, pre-fabricated steel beams, simple
assembly... In our country today, in some localities, there are no conditions and funds to
build permanent hard bridges. Civil floating bridges are still used quite a lot [4, 5]. The
bridges that have been built are mainly used for motorbikes, bicycles and pedestrians, so
they are mainly built spontaneously with available experience, without systematic design
calculations. With the development of current means of transportation, and at the same
time based on Technical Standards, Bridge and Rural Road Design Procedures of the
Ministry of Transport [6, 7] and actual traffic conditions in rural areas, the requirement is
that civil floating bridges need to be able to withstand the load of small motor vehicles
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such as trucks, tractors, agricultural machines, etc. Research on the working
characteristics of this type floating bridge is necessary to gradually build a scientific basis
to propose a plan for a civil floating bridge that can withstand the load of small motor
vehicles for practical application.

2. Scientific basis for establishing calculation models
2.1. Overview of pontoons- separate floating bridge

Pontoon-separate floating bridges has the structure as shown in Fig. 1 [8]. The
bridge consists of main beams placed on bridge seats which are pontoons.

el = = el = =N

Fig. 1. Diagram structure of a pontoon-separate floating bridge.
In our country, pontoon-separate floating bridges are often used to make civil
floating bridges, mainly carrying light loads such as pedestrians, motorbikes.
The theory of calculating the force of the load transmitted to the pontoon and the

moment of the beam due to the load caused by this type of floating bridge can be
summarized as follows [8, 9]:
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Fig. 2. Calculation diagram of pontoon-separate floating bridges.

The dependence of the displacement (draft) of the pontoon &, on the reaction force
An (downward force) of the pontoon is:

o0,=¢, A 1)
where oy, is the draft of the pontoon, An is reaction force of the pontoon (support reaction),

en 1s called the pliability of elastic supports, or the displacement value of the pontoon
submerged in water in the vertical direction (water draft) due to a force of 1 ton acting
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directly on it. Where y is the specific gravity of water, F, is the waterline area of the
pontoon. In case the pontoon is rectangular:

b= @
A

The problem of calculating floating bridges of this type leads to the problem of

continuous beams on elastic supports. The 3 moment equation of a continuous beam on
an elastic support is as follows:

h)+Mn+1'T 5n+1_5n_5n_5n—1

n,n+1 I
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M, are moments at the n'™ support. The reaction force of the n™ support is
synthesized from the reaction force due to the load acting on the base system (beam with
pin-joint at the cross-section on supports) and the reaction force from the bearing moment:

A1:A?+Mn+l_Mn_Mn_Mn—1 (4)
In+1 In
Based on formula (1), it is deduced:
M_.,-M_ M -M
5n:gn.|:A_?+ n+|l n _ n I n—l} (5)
n+1 n

Put the values dn-1, 6n, On+1 iNt0 EQ. (3) and then put them into the 5-moment
equation form:

M, ,-0,,+M, -6

n,n-1

n-2 n-1" + Mn : en,n + Mn+l : 0n,n+1 + Mn+2 : 0n,n+2 + en,p =0 (6)

where the coefficients 0, .z, are calculated as follows:

enn72:€n—_1;9nn71:’[nn,l_ h i+l +i 1+i ;enn+2: €n+1 (7)
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Apply boundary conditions, alternately substitute the values n = 0, 1, 2... to
calculate the coefficients according to Eq. (7) and Eq. (8), then substitute the coefficients
into Eq. (6) to establish get the system of unknown equations which are moments Mo, M,
Mo... Use the Gauss method to solve this system of equations, you will get the unknowns
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to be found Mo, M1, M>... and according to the formulas above is the way to solve the
problem of beams on elastic supports based on mechanical knowledge, using the force
method, which takes a lot of time and effort.

Along with the development of science and technology and computers, some
structural calculation softwares can now model the problem of beams on elastic supports.
In the article, the author uses SAP2000 software to model and calculate the proposed
problem [10].

2.2. Select a floating bridge to survey

Select the floating bridge for investigation as follows: The middle part of the river
of the floating bridge consists of 6 spans, the transition part with the shore has 1 span on
each side, the length of the transition spans and the span of the middle part of the river
are L=6m, based on the requirement that this type is determined to be used for rural

traffic, a span of 6 m is relatively suitable, combined with reference experience in [8].
The number of spans is random. The edge span and middle span are connected together
by pin-joint.

Continuous beams are made from pre-fabricated shaped steel according to
Vietnamese standard TCVN 5709:2009 [10]. The beam cross-sections change with
increasing height (1100 x 50; 1150 x 75; 1200 x 100; 1250 x 125; 1300 x 150; 1350 x 150;
1400 x 150; 1450 x 175), corresponding to increasing beam stiffness. The bridge is
subjected to the load of two concentrated forces Q = 10 kN distributed in the middle span

of the bridge. The rectangular pontoon has a waterline area of F =1 m?2.

Some assumptions to build the calculation model: Consider the problem in flat
geometric 2-dimensional space, not 3-dimensional space. The beam is considered
continuous and the cross-section remains constant. The beam is placed on the pontoon at
one point in the center of the pontoon. Concentrated load Q is dead load. Does not take
into account the dynamic effects of loads. The load is placed at the exact center of the
bridge, no eccentric load is considered. Ignore the impact of water waves and the effect
of water flow velocity on the pontoon. Both ends of the bridge are hard abutments.

6000 Q 36000 Q 6000

Ll (W

Fig. 3. Plan of floating bridge used for survey.
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In the article, SAP2000 software is used for modeling and calculation. The
pontoons are modeled as elastic bearings with elastic coefficient k.

k=1=y- F-10.1=10N
g m

Continuous beams use frame elements. Below is model of pontoon-separate
floating bridges used for calculation on SAP2000 software.

Middle section of

6000 frame 3 Q 36000 Q 6000
6000 ] 6000 l\600 6000 | 4000 ] 6000

l c 3 Joint4 D 6 /

Fig. 4. Model of pontoon-separate floating bridges used for calculation.

2.3. Results

Survey results for the model of pontoon-separate floating bridges with parameters
as in section 2.1 are shown in the tables and graphs below.

Table 1 shows the value of internal force at the cross section in the middle of the
span of the beam corresponding to the stiffness of the beam obtained from SAP2000
software. From the data in Table 1, build a graph of the dependence of bending moment
at the mid-span cross section of the beam on the stiffness of the beam, moment value of
the middle section of frame number 3.

Table 1. Value of internal force at the cross section at the center of the beam's span 3
corresponding to the stiffness of the beam

Element Forces - Frames

Stiffness F Out Axial Shear force Torsional .

Order Section I rame Cp;lste force moment Bending moment
El - P V2 V3 T M2 M3

kN.m? Text Text kN kN kN kN.m kN.m kN.m
1 100 x 50 350 3 HT 0 -5.55 0 0 0 13.59
2 150 x 75 1638 3 HT 0 -6.47 0 0 0 22.12
3 200 x 100 4340 3 HT 0 -7.00 0 0 0 32.98
4 250 x 125 10360 3 HT 0 -7.51 0 0 0 46.24
5 300 x 150 18960 3 HT 0 -7.84 0 0 0 55.54
6 350 x 150 30400 3 HT 0 -8.05 0 0 0 61.69
7 400 x 150 48200 3 HT 0 -8.21 0 0 0 66.36
8 450 x 175 78400 3 HT 0 -8.33 0 0 0 70.06
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Diagram of moment of the beam due to concentrated
load Q when the stiffness of the beam changes
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Fig. 5. Diagram of moment of the beam due to concentrated load Q

when the stiffness of the beam changes.

From the chart above, it can be seen that, for a determined value of beam length,

when the stiffness of the beam increases, even if the value of concentrated load Q does
not increase, the bending moment of the beam due to this load increases significantly.

Table 2 shows the value of the reaction force of the pontoon due to the self weight
of the beam (S.W) corresponding to the stiffness of the beam, value of reaction force at

support (joint) number from 1 to 7.

Table 2. Pontoon reaction due to self weight of the beam corresponding to beam stiffhess

Stiffness Support reactions An (kN)
. Output
Order | Section I El Case | Joint | Joint | Joint | Joint | Joint | Joint | Joint
(kN.m?) 1 2 3 4 5 6 7
1 100 x 50 350 S.W 046 | 051 050 | 049 | 050 | 051 | 0.46
2 150 x 75 1638 s.w 0.94 | 1.00 1.01 1.01 | 1.01 | 1.00 | 0.94
3 200 x 100 4340 S.W 1.45 151 1.53 1.53 1.53 151 1.45
4 250 x 125 10360 SW 217 | 2.22 225 | 226 | 225 | 222 | 217
5 300 x 150 18960 s.w 276 | 281 284 | 284 | 284 | 281 | 2.76
6 350 x 150 30400 s.w 3.36 | 3.40 343 | 343 | 343 | 340 | 3.36
7 400 x 150 48200 SW 414 | 4.17 419 | 420 | 419 | 417 | 414
8 450 x 175 78400 s.w 528 | 531 533 | 533 | 533 | 531 | 5.28
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Table 3 shows the value of the reaction force of the pontoon due to the load Q
corresponding to the stiffness of the beam, value of reaction force at support (joint)
number from 1 to 7.
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Table 3. Value of pontoon reaction due to load Q corresponding to beam stiffness

Stiffness Support reactions A, (kN)

- Output  —= , : , , : :

Order | Section I El Case Joint | Joint | Joint | Joint | Joint | Joint | Joint
2

(kN.m°) 1 2 3 4 5 6 7
1 100 x 50 350 LoadQ | -0.64 | 0.77 | 541 | 889 | 541 | 0.77 | -0.64
2 150 x 75 1638 LoadQ | -0.75 | 196 | 526 | 7.05 | 526 | 196 | -0.75
3 200 x 100 4340 LoadQ | -0.18 | 237 | 482 | 598 | 482 | 237 | -0.18
4 250 x 125 10360 LoadQ | 0.68 | 258 | 4.24 | 497 | 424 | 258 | 0.68
5 300 x 150 18960 LoadQ | 1.32 | 268 | 3.83 | 431 | 3.83 | 268 | 1.32
6 350 x 150 30400 LoadQ | 1.76 | 273 | 355 | 3.89 | 355 | 273 | 1.76
7 400 x 150 48200 LoadQ | 2.09 | 277 | 334 | 358 | 334 | 277 | 2.09
8 450 x 175 78400 LoadQ | 235 | 280 | 3.17 | 333 | 3.17 | 280 | 235

Table 4 shows the value of the reaction force of the pontoon due to the total load
(self weight of the beam and load Q) corresponding to the stiffness of the beam.

Table 4. Value of pontoon reaction due to total load corresponding to beam stiffness

order | Sectiont Stiffness | Output . ' Sul.)port reacfmns An (kN) . .
EI(KN.m?) | Case Joint Joint Joint Joint Joint Joint | Joint

1 2 3 4 5 0 7
1 100 x 50 350 Total -0.18 1.29 5.92 9.39 5.92 1.29 | -0.18
2 150 x 75 1638 Total 0.18 2.97 6.27 8.0 6.27 297 | 0.18
3 200 x 100 4340 Total 1.26 3.88 6.36 7.52 6.36 3.88 1.26
4 250 x 125 10360 Total 2.85 4.80 6.5 7.23 6.5 480 | 2.85
5 300 x 150 18960 Total 4.09 5.49 6.67 7.16 6.67 549 | 4.09
6 350 x 150 30400 Total 5.13 6.14 6.98 7.33 6.98 6.14 | 5.13
7 400 x 150 48200 Total 6.23 6.95 7.53 7.78 7.53 6.95 | 6.23
8 450 x 175 78400 Total 7.61 8.12 8.50 8.66 8.50 8.12 | 7.64

From data of tables 2, 3, 4, it can be seen that, for support (joint) number 1: The
value of the reaction force of pontoon Ay due to self weight of the beam, due to the load
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Q transmitted to the pontoon, is proportional to the beam stiffness. And as the beam
stiffness increases, total load (self weight of the beam and load Q) transmitted to the
pontoon increases.

From the data in tables, build a chart showing the dependence of the force
transmitted to the pontoon of the self weight, of the load Q and of the total load on the
stiffness of the beam (Fig. 6) for support (joint) number 1. The rules of force distribution
on support number 2 is similar to support number 1.

Diagram of force transmitted to the pontoon of support 1
when the stiffness of the beam changes
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Fig. 6. Diagram of force transmitted to the pontoon of support 1
when stiffness of beam changes.

From data of tables 2, 3, 4, it can be seen that, when the stiffness of the beam
increases, (that is, the weight of the beam also increases), for support (joint)
number 4: The value of the reaction force of pontoon A due to self weight of the
beam transmitted to the pontoon, is proportional to the beam stiffness. But even
though the load Q remains unchanged, the force transmitted to each pontoon from that
load Q decreases significantly. This means that the force from load Q transmitted to
the pontoon is inversely proportional to the stiffness of the beam. This problem is due
to the force Q transmitted down the pontoon approaching more evenly. Therefore
when the beam stiffness increases, the force transmitted to each pontoon of the total
load initially decreases, then increases again.
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Diagram of force transmitted to the pontoon of support 4
when the stiffness of the beam
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Fig. 7. Diagram of force transmitted to the pontoon of support 4 when stiffness of beam changes.

Build a chart showing the dependence of the force transmitted to the pontoon due
to the total loads on the stiffness of the beam (Fig. 7) for support (joint) number 4. The
rules of force distribution on support number 3 is similar to support number 4.

Symmetrical supports such as support No. 1 and No. 7, No. 2 and No. 6, No. 3 and
No. 5 have the same force transmission rules. Due to the limited scope of the article, the
author provides an analysis of the reaction force at support No. 1 and support No. 4, which
are cases where the load transmitted down has different rules.

Thus, through the chart above, it is possible to find the optimal value of the beam
cross-section according to the criterion of pressure transmitted to each pontoon. The
optimal beam cross-section is the beam cross-section that minimizes the pressure of the
total load transmitted to each pontoon, thereby saving materials for making the float.

3. Conclusion
From the above survey results, it is seen that for pontoon-separate floating bridges,
when the stiffness of the beam increases, even though the concentrated load Q does not
increase, the bending moment of the beam due to this load causes a significant increase.
When the stiffness of the beam increases, for some supports, the self weight
transmitted to the pontoon increases, the load Q transmitted to the pontoon also increases
and therefore the total force transmitted to the pontoon also increases.

101



Section on Special Construction Engineering - Vol. 06, No. 02 (Dec. 2023)

But for some other supports, when the stiffness of the beam increases, the self
weight of beam transmitted to the pontoon increases, but the load Q transmitted to the
pontoon decreases, leading to a decrease in the total force transmitted to the pontoon, then
increased again

The vehicle load can be considered the concentrated forces transmitted down at the
position of the wheels. From there, it is possible to build a scientific basis to design a
floating bridge to carry the load of small motor vehicles to serve rural traffic.

Due to the limited scope of the article, in addition to the issue of the impact of beam
stiffness on the transmission of force to the pontoon and on the moment in the beam
caused by concentrated loads mentioned above, the author has not gone into the
calculation and solution many other problems when studying pontoon-separate floating
bridges. The author hopes to be able to discuss these issues with colleagues and readers
for further improvement.
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NGHIEN CUU ANH HUONG DO CUNG CUA DAM
PEN TRUYEN LUC XUONG PHAO CAU VA MO MEN TRONG DAM
DO TAl TRONG TAP TRUNG CHO LOAI DAM LIEN TUC
TREN CAC PHAO RIENG BIET

Nguyén Manh Thuong!

YTreong Dai hoc Ky thudt Lé Quy Pén, Ha Ngi, Viet Nam

Tom tat: Cau phao dang dam lién tuc trén cac phao riéng biét c6 nhiéu wu diém dé ap dung

vao xay dung cau phao dan sinh & Viét Nam. Bai bao trinh bay viéc nghién ciu anh huong cua

d6 ctirng dam dén sy truyén luc cua tai trong dang luc tap trung xudng phao va mé men udn trong

dam do tai trong nay gay ra, lam co s& cho viéc nghién ctru phuong 4n cau phao dan sinh chiu tai

trong xe co gidi trong tai nho phuc vu giao théng ndng thén. TAc gia su dung phuong phap nghién

ctru ly thuyét bang cach sir dung phan mém SAP2000. Két qua nhan dugc cho thay mé men trong

dam ti Ié thuan voi do cang cua dam. Sy truyén luc xudng cac phao cach xa diém dit luc ciing

ti 16 thuan vé6i do cing cua dam. Ban dau, luc truyén xudng phao gan diém dit lyc ti 1& nghich
Vv6i d6 ciing dam, con sau d6 ti 1é thuan véi do cing dam.

Tir khoa: Cau phao; dam lién tuc; phao riéng biét; mén nuweéc; nén dan hoi.
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