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Abstract

In some emergency traffic situations such as rescue, natural disasters,... it is necessary to
build a temporary bridge to cross the river. Using a quick-assembled floating bridge made of
plastic buoys is the appropriate solution. This article presents the study of calculating the
draft of continuous floating bridge assembled from plastic buoys. The author calculates the
draft by two different methods, which are theoretical calculation and finite element modeling
using SAP2000 software, to verify the discrepancy of the results of these two methods. The
results obtained show that the discrepancy between these two methods is insignificant, and
continuous floating bridge assembled with a layer of plastic buoys can withstand a small
truck load of up to 12.3 tons.
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1. Introduction

In our country, in some emergency traffic situations such as rescue, natural
disasters, repairing old bridges, etc., it is necessary to build a temporary bridge to cross
the river [1-3]. When the load requirement is not large, a floating bridge assembled from
plastic buoys is one of the feasible and suitable options. Pedestrian floating bridges
assembled from these plastic buoys are being used today. However, there are no
documents or actual projects using this type of bridge for vehicles with gross vehicle
weight up to 12.3 tons. Therefore, in-depth research and practical tests are needed to
evaluate the demand before applying it in practice. In this article, the authors focus on
calculating the draft of continuous floating bridge when withstanded to the load of small
trucks up to 12.3 tons. It is the scientific basis for evaluating the applicability of this type
of bridge in practice.

2. Scientific basis for calculating the draft of floating bridges assembled
from plastic buoys
2.1. Introduction to plastic buoys of floating bridge

In our country today, plastic buoys are increasingly widely used in many fields.
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Plastic buoys are floating blocks made from HDPE plastic. Floating plastic buoys are
designed in modular form, and can be certainly connected to each other continuously in
3 dimensions. Dimensions of 1 float are 500 mm x 500 mm x 430 mm (length x width x
height), and float weight is about 6.3 kg [4]. Physical properties of HDPE plastic materials
include: Density (0.95 g/cm3), and elastic modulus (E = 995 MPa) [5, 6]. Floating plastic
buoys have many advantages such as: easy to transport, relocate, install, dismantle, and
change structure shape as desired; short installation time; low installation cost (because
of modular installation details); high buoyancy (because of lightweight), and highly
durability. Floating plastic buoys can form a flat surface on the water so it is very
convenient to assemble into a floating bridge.

Fig. 1. Plastic buoy.

Fig. 2. The pedestrian floating bridge is assembled from floating plastic buoys.

2.2. Scientific basis for calculating the draft of continuous floating bridges

The floating bridges that are assembled from plastic buoys are continuous floating
bridge. Calculating the draft of this type of floating bridge is a complicated problem. In
this article, the authors use a beam model on an elastic foundation to calculate the draft
of a continuous floating bridge, and presents two methods for determining the draft of
this type of floating bridge. The first method is an analytical method, and the second
method is a finite element method using SAP2000 software.
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According to the analytical method [7-9]: Continuous floating bridges are
considered beams on an elastic foundation that is water. The calculation diagram is shown
in Fig. 2. When a concentrated load P (kN) is placed on a beam with stiffness El; that is
placed on a uniform and isotropic elastic foundation. The beam will bend and sink into
the foundation. The foundation reaction force g (KN/m) has intensity distributed along the
length of the beam and is balanced with the load P. The intensity of the reaction force of
the ground g (KN/m) is proportional to the deformation of the ground y (m) at a certain
section, so

q=K-y 1)

The proportionality coefficient K (kN/m?) (the model under consideration is a

2-dimensional plane problem, so the width of the beam is taken as 1m, K has dimensions

of KN/m? because q has dimensions of kN/m; y has dimensions of m) is called the
foundation coefficient and it characterizes the elastic properties of the foundation, then:
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Fig. 3. Calculation diagram of continuous floating bridge.

From formulas (1) and (2), the following is obtained:

d'y
El +K-y=0 3
: y ©)
Set =4 4EK (1/m), and solving Eq. (3) will obtain the equation representing the

z
elastic curve of the beam, consider the beam as infinitely long and the concentrated
force P =1, then:

y=§(e‘ﬁx -cos A +e " -sin fX) (4)
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For the problem of the floating bridge on water with an elastic foundation in

water, load per 1 m length gq=y-B,-y; q(k—N); or foundation coefficient
m

K=y-B,; K(%) then:
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where y is specific gravity of water, B, (m) is width of the part in contact with the water
of the floating.
On the basis of the above formulas, the displacement influence line, also known as

the draft influence line, of the continuous floating bridge can be constructed as shown in
Fig. 4. Loading on the displacement (draft) influence line will result in the displacement
(draft) of the floating bridge when withstanded to load.
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Fig. 4. Displacement influence line (water draft) of continuous floating bridge.

According to the finite element method using SAP2000 software [10, 11] is
summarized as follows:

In the finite element method, the continuous object is replaced by a finite number
of discrete elements. The basic steps of the finite element method include:

- Discretize the real structure into a pre-selected mesh of molecules suitable to the
geometric shape of the structure and the accuracy requirements of the problem. These
elements are connected by nodes.

- Build element properties.
- Build the element equilibrium equation [K]-{d} = {Q}.
in which [K] is element stiffness matrix, {d} is element's nodal displacement vector, {Q} is

nodal load vector. Representing the displacement at any point of the element through nodal
displacements {U} = [N]-{d} where [N] is coordinate function matrix (shape function).

- Calculate the element mass matrix.
- Calculate the resistance matrix.

86



Journal of Science and Technique - ISSN 1859-0209

- Build a general equilibrium equation from the element equations [K]-{r}= {P}.

- Solve the system of balanced equations to determine the nodal displacement of
the entire structure.

- From the found node displacement, determine each element.

While using finite elements, the floating bridge is placed directly on the water
surface so it can be considered an ideal one-coefficient beam model on an elastic
foundation. The water surface is replaced by a system of springs which is distributed at
the bottom of the buoys. The spring stiffness is determined from the background
coefficient. In SAP2000 software, elastic connections are described by spring bearings
located at the nodes.

When calculating floating bridges, the stiffness of the spring depends on the area of
the elements in its zone of influence. The stiffness coefficient of a spring can be
determined by the product between the area of its influence zone and the background
coefficient. When calculating the middle section of the river, using the finite element
method with a finite bridge length, the spring stiffness coefficient will include two

coefficients: K, - for the bridge head and bridge edge K1=0.5~;/-a-b(k—N), and
m

K, - for the inner sections K, =7.a~b(k—N) where y is specific gravity of water,
m

(k—|\3I ), a is the distance between buoys vertically in the structure, (m), b is distance
m

between buoys horizontally across the structure, (m).
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Fig. 5. Elastic bearing diagram when calculating the floating bridge.

2.3. Example of calculating the draft of a floating bridge assembled from plastic buoys

To better illustrate the method of determining the draft of an continuous floating
bridge assembled from plastic buoys, the authors chose a floating bridge with the
following dimensions: length L =72(m) consists of a layer with 144 buoys that ensure

the length in the middle of the river, and width B =3.5(m) that ensure one-way traffic,

the cross-section has a layer including 7 buoys as Fig. 6.
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Fig. 6. Cross section of floating bridge used for survey.

Calculation assumptions included: the vehicle crosses the bridge at a slow speed,
ignoring the dynamic impact of the vehicle on the bridge, and the impact of the flow on
the floating bridge is not considered. The connection between the pontoons is not
considered. In the article, only the draft of the mid-river section of the pontoon bridge is
calculated, the pontoon bridge has a special connection with the near-shore section, so it
is not considered in this article.

The load selected for the survey is the Kamaz 4326 truck. This is a fairly common
truck in our country. The total weight of the vehicle and goods is 12.3 tons [12]. The
vehicle has 4 wheel axles, of which 2 wheel axles in the front and 2 wheel axles in the
rear. Load capacity of 2 rear axles P ,=7.1(T) or P, =71(kN) ; Load capacity of the two

front axles P, =5.2(T) or P, =52(kN). The distance between the two vehicle axles is
|, =4.2(m).

P2=5.2 (T) P1=7.1(T)
Fig. 7. Truck with a load capacity of 12.3 tons.
a) Using the analytical method

The moment of inertia is calculated as: 1 =0.002013m*, and the density of water
is y =10 (k—l\sl) width of the surface in contact with the water of the floating B, =3.5(m),
m
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According to formula (5), the coefficient value can be calculated:

f=if—~ :z{/ 10-35 ~0.257(2)
4E1, \4-995-10°-0.002013 m

According to formula (4), calculate the ordinate of the water draft influence line at

positions x; = iﬁ, including x, at the middle position of the bridge. From there, build

a influence line of the draft. Place the truck on this as shown below (Fig. 8), get the results:
Draft value due to self-load of floating bridge: Y] =q-@=0.885-0.0268 =0.025(m) in

which gq= 0.885(k—N) is the load of the floating bridge itself distributed over 1 meter of
m
bridge length, @ =0.0286 is the area of the draft influence line.
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Fig. 8. Road loading affects the draft of the floating bridge.
Maximum draft value due to vehicle load:
YA =Py, +P,-y,=71.3.671+52-1.671= 347 (mm) = 0.347 (m)

inwhich P, P, are the vehicle load transmitted to the front and rear axles of the vehicle,

Yy, and Y, are ordinate of draft’s influence line. The total draft value caused by both self-
load and vehicle load is:

Yo =Y +YAT =0.025+0.347 = 0.372(m)
b) Using the finite element method on SAP2000 software

Modeling plastic buoys from shell elements, each buoy consists of 6 panels that are
rigidly linked together. When modeling structures on software (Fig. 9 and Fig. 10), the
authors declare the elastic coefficient at the nodes outside the edge (boundary) of the
floating bridge with the elastic coefficient:
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K, =0.5-;/-a~b=0.5~10-0.5-0.5=1.25(kFN)
and the inner (middle) nodes have coefficients:
K, :y-a-b:lO-O.5-0.5:2.5(k—N)
m

The truck is modeled as a 4 load axles. The vehicle's load acting on the floating bridge is
transmitted through the wheels at 4 axles. Thus the load passes through each wheel of the

rear axle % =35.5(kN), and each wheel of the front axle % =26(kN) . These loads are

distributed over the tire track area pressing on the bridge deck with dimensions of
0.5mx0.5m.
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Fig. 9. Model of the entire floating bridge assembled from plastic buoys.
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Fig. 10. Load declaration on the floating bridge model.
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The results obtained are presented in the figures and tables below:

I Pl B View Oefine Bidoe Duew  Seert Awign  Analoe Digly  Deign  Opfors Tech Felp
© El by atlay gn

O Wi e AP ARERE N My ww w48 B0 %, nbt-o -0
[
%

s
ST ag
Treg
E

[ 26

- LEOA

Heg=std

Fig. 11. Displacement of floating bridge under the effect of vehicle load.

Table 1. Maximum vertical displacement value (draft) received from SAP2000 software

TABLE: Joint Displacements
Joint Output Case Case Type U3
Text Text Text m
1143 DEAD LinStatic -0.025846
1143 Kamaz 4326 Truck LinStatic -0.353515
1143 DEAD+Truck Combination -0.379362

The maximum vertical displacement (draft) due to dead load:
Yor =USEP =0.026 (m)

3max

The maximum vertical displacement (draft) due to live load:
yi ., =Ul"* = 0.354 (m)

3max

Thus, the maximum vertical displacement (draft):
Yo =Yg + Yo, =0.026+0.354 = 0.380(m)

Table 2. Results draft of floating bridge obtained from 2 different calculation methods

No. Parameters Analytic Finite element Difference
method method (%)
Draft due to static load, (m) 0.025 0.026
Draft due to live load, (m) 0.347 0.354
Total draft, (m) 0.372 0.380 2.2

The difference in water draft results between the analytical method and the finite

element method is 2.2%. This is an acceptable error.
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It shows that the calculated water draft value is reliable and two methods of
calculating the water draft of a floating bridge can be applied. The larger draft value is
selected to compare with the height of the plastic buoy:

Y™ =max(Yar s Yory ) = Max(0.372;0.380) = 0.380 (m)

The height of the plastic buoyis: H___ =0.43(m).

phao

Thus, the condition Y, < H,,, is satisfied.

Y = 0.380 =88(%).
Ho 0.430
This demonstrates that buoyancy reserves remain. This reserve capacity can be

considered a safety factor.

Calculation results show that the floating bridge is assembled from plastic buoys
and a layer of buoys with buoyancy that can withstand a truck load of 12.3 tons. Thus,
plastic buoys assembled into continuous floating bridge that can withstand truck loads
have a scientific basis for practical application.

The ratio:

3. Conclusion

Research results show that calculating the water draft of a continuous floating
bridge can use the following methods: analytical method or finite element method. The
draft value obtained by the two methods have negligible errors. This shows that the results
are reliable.

Floating bridge assembled from HDPE plastic buoys with dimensions of 500 mm
x 500 mm x 430 mm (length x width x height), with 1 layer of buoys, 3.5 m width, 1 lane
with enough buoyancy to carry a 12.3 tons truck load across the bridge, and vehicles
crossing the bridge at low speed do not cause significant dynamic effects on the bridge.

Due to the limited scope of the article, the authors were only able to calculate the
water draft to evaluate the buoyancy of floating bridges using theoretical methods.
Calculation results show the high applicability of plastic buoys to assemble into
continuous floating bridges that can withstand motor vehicle loads. It shows the scientific
basis and practical application prospects of this type of floating bridge. To develop this
research direction, the authors will continue to study other calculation contents of this
floating bridge such as calculating internal forces in the elements, connections between
floatings, experimental evaluation... The authors hope to be able to discuss this issue
further with colleagues.
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TINH TOAN MON NUGC CUA CAU PHAO BUGQC LAP GHEP
TU PHAO NHUA CHIU TAI TRONG CUA XE TAl

Nguyén Manh Thuong®, Bang Thi Thu Hién', Nguyén Ngoc Hai'
Wien Ky thudt cong trinh dac biét, Truong Pai hoc Ky thudt Lé Quy Pén

Tom tat: Trong mot sé tinh hudng giao théng khan cip nhu ctru hd ciru nan, thién tai. ..,
can béc cau tam dé vuot qua séng thi viéc sir dung cau phao Iip ghép nhanh tir cac phao nhua la
mot giai phap phl hop. Bai bao trinh bay viéc nghién ctu tinh toAn mén nudc caa cau phao dang
bang dugc ldp ghép tir cac phao nhya. CAc tac gia tinh toan mén nude bang hai phuong phap khac
nhau 13 tinh toan theo phuong phap 1y thuyét va phuong phap mé hinh phan tir hitu han bang phan
mém SAP2000, dé kiém chiing su sai 1éch két qua cua hai phuong phéap nay. Két qua nhan duoc
cho thay s sai léch giita hai phuwong phap nay 1a khong dang ké va cau phao dang bang lap ghép
bang mot 16p phao nhua c6 thé chiu dugc tai trong xe tai loai nho dén 12,3 tn.

Tir khoa: Cau phao; phao nhya; xe tdi; mén neéc; nén dan hoi.
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