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ABSTRACT: Defining the region which effected by the elastic reaction force of
underground construction had the important meaning for the calculation of underground
structure’s section force. The effective of elastic reaction force makes slight the working of
underground structure, controling their deformation, increasing numeric value of axial force
and decrease the value of bending moment of structure. For the previous time, by the
experiment calculation, the angle which define the region had not effected by the elastic

reaction force of ground foundation is: @, = % In this research, we build the code of

Matlab programme to compute the underground construction by Finite element method,
making a iterative calculation to define the @, angle with the purpose to define exactly the

region of elastic reaction force of underground structure, at the same time, making a
computation of section force value of the underground structure.

LTHE OUTLINE OF COMPUTING THE UNDERGROUND CONSTRUCTION BY
THE METHOD OF REPLACING TO BAR SYSTEM

Tunnel shell works along surround the elastic environment, which is considered as the
super static system with high grade and complex. The computation of this system in general
case: tunnel shell has many type of shape forms, the tunnel shell’s thickness is changed by in
fact working condition, and we can not show these factor in fact for calculation. Therefore, to
define the section forces, we can use the approximate method, called: the method of replacing

to bar system.
Principles of this method:
- Replacing the continuous curve of tunnel shell’s structure by polygonal line segment.
- Each line segment’s stiffness (EF) is considered as constant.

- Replacing the distribute load of stratum pressure q and p by the concentrate load at nodes
at point of polygonals. The tunnel shell’s seft weight is also replaced by concentrate load at the
beginning and end point of bar.

- The elastic environment is replaced by elastic bearings setting at point of polygonals
which direct to curve’s radius.
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Figure 1.The elastic foundation model

2.THE ELEMENT STIFFNESS MATRIX

The most basic point in solving the underground structure problem by finite element
method is building the element stiffness matrix. Then assembling the element equations based
on the continuous conditions, the boundary conditions to make the system of equation and next

step is solving this system of equation.
The beam element on elastic foundation:

Contains the modulus of elasticity E, the cross section area A, the moment of inertia I, the
spring stiffness in the axial direction ka, and the spring stiffness in the transverse direction kt.

The matrix K¢ is given by:

140k, 0 0
0 156k, 22kL
——Y 0 22kL 4k I’
*420| 70k, 0 0
0 54k,  13k,L
0 -13kL -3k I’

70k,
0
0

140k,
0

0

0 0
54k,  -13kL
13k L -3k’
0 0
156k, -22kL

-22kL 4k’ |

(1)

3.THE STIFFNESS MATRIX OF THE BEAM ON THE ELASTIC FOUNDATION IN
THE SYSTEM OF THE GLOBAL CO-ORDINATE

In the above part, we presented the stiffness matrix with the system of local co-ordinate of
element. When making the calculation we have to transform this matrix to the global co-

ordinate.

Figure 2 presents the cant bar element with any angle B of horizontal axis X.
Displacement is presented by two system of co-ordinate: one deal with local co-ordinate of

element by 3 displacements u, v, 0; the second deal with the global co-ordinate u,v,0.
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Figure 2. Beam in the global system

To present the element stiffness matrix from the local co-ordinate system to global co-
ordinate system, we use the rotate vector, with the relation as follows:

- =

" Ccosp —sinf 0 0 0 0lfu,
v, —sinf  cosp 0O 0 0 01| v,
Jol_| © 0 1 0 0 o|g | -
u, 0 0 0 cosp -—sinf Of|u,
Vi 0 0 0 —sinp cosp 0|V,
o:) | o 0 0 0 0 1){e,)

L

3.1.The effective of elastic reaction force of ground foundation

The elastic resistance force arisen at surface of tunnel shell structure by arch or circular
shape, except the  peel region”, the region without displacement to the stratum : region a-b,
region ¢-d : tunnel wall was increased the stability condition effected by  the reactive
elastic force. The b-c region had not that effect.

T T
T

T
to

Figure 3. The deformation line

3.2.Define the load capacity

In the research of M.M.Protodiakonov, the vertical pressure of soil is affected to the tunnel
structure caused by the weigh of mass stratum, which were undermined limit by the pressure
of tunnel arch and the tunnel perimeter.
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The arch equilibrium equation is the parapol grade 2 with span 2b and height hv:

Y= =
b'fkc
In which:

F
I 7'__"1
EQUILIBRIUM OF TUNMNEL ARCH
- Saall LIty

THE COLLAPSE DIAGRAM OF SOIL AROUND TUNNEL STRUCTURE

Figure 4.The collapse diagram of soil
b : a haft of span arch around tunnel structure
f).. : strong coefficient

At that time, the pressure response with the horizontal axis x is defined by:
b x?
qy) =7vh, -y)= v[— & ) :
5, bf,

The part, which located on the slide state of both side is transmitted into the slide state to
effect on two-wall side to create the horizontal pressure.

Figure 5.The computation diagram pressure
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4.SOLVING THE PROBLEM

4.1.General problem

The underground construction has the dimension as figure 6. The design thickness average
is 70cm which made by concrete M200 located inside the layer of gravelly soil with seltweght
is 1.8 Ton/m’, strong coefficient refer to the appendix of M.M.Protodiakonov is fi, = 1.3, the
inner friction angle (p=40° with 2 foundation coefficient k,=10 T/m’, k=1T/m. The problem
makes the calculation for the section force occur to the structure, and determines the region
which occurs the elastic reaction force.

f

w1 m .|
.

| 1000 |

i
i

Figure 6. Tunnel cross section (in cm)

Load capacity effected to element:
Horizontal load ( side pressure ) Considering any element k:

k+ 1

"

Figure 7. Divide element

The element affected load k is separated by 2 compositions with 2 directions of local co-
ordinate of element. Performing equation of this load:

q(x)=x*qLx/L-(x-L)*q0x/L

q(y)=x*qLy/L-(x-L)*q0y/L

In which :
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gqLx=qk+1sina; q0x=gksinc; qLy=qgk+1cosa; q0y=gkcosa
L : Element length
o : Angle, which fit by element axis and horizontal direction.

Therefore, 1 element is affected by 2 loads at the same time : perpendicular load with
element axis and along axis load

5.PROGRAMMING CONTENT

Graphical sketch

The programming to compute the underground construction is presented by this graphical
sketch:
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6.RESULT OF THE CALCULATION OF SECTION FORCE AND DEFINE THE
REGION OF ELASTIC REACTION FORCE OF UNDERGROUND STRUCTURE

6.1.The receiving result of mesh 40 element : 30 elements beam on the elastic
foundation, 10 elements of normal

6.2.The receiving result of mesh 200 element : 154 elements beam on the elastic
foundation, 46 elements of normal
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6.3.Evaluate the convergency of problem while define the region of elastic reaction
force.

a) In order to make this comparison of the interdependent of angle w,, we consider and
survey the changing cases of tunnel thickness, the grade of lining concrete.

Case 1 ( t=60cm) Case 2(t=70cm) Case 3 (t=80cm)

Figure 8. Thé convergence of angle wo to compare with the experiment value angle wo =450

When the number of element increased, the angle u was advanced to the converge value
(wo =44.760 correlative with number of element is 200).
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The relation between the tunnel thickness with the effected region by the elastic reaction
force with angle wo:

Thickness U, u, Error
(cm) Analysis | Experiment (%) S
40 47.02 45 4.49 '
50 46.89 45 - 4.20 T phi criteria
60 46.7 45 3.78 ‘
70 44.76 45 -0.53
80 42.81 45 -4.87
90 44-92 45 -0' l 8 .-17,1"2 4680 467 4476 4281 44.07 4559
100 45.59 45 31

Figure 9. The relation of tunnel thickness and angle Uo
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With several different thickness of tunnel shell, we can get the u, angle which advanced to
the converge value around the acceptable region for standard calculation @, = % . Therefore,
with the experiment formula, we have the experience value of the effected region by the elastic

reaction force @, = % to calculate the underground construction, so we can accept this

experiment value.

b) Compare to the relation between of grade of concrete and the effected region by the
elastic reaction force with u, angle, which consider to the changing of tunnel shell’s thickness:

Grade of Concrete  T=60cm T=70cm T=80cm

E

M | (Kg/em®) U, Us U,
M150 | 2.10E+05 | 46.702 | 44.756 | 42.8108
M200 | 2.40E+05 | 46.772 | 44.7567 | 42.8280
M250 | 2.65E+05 | 46.911 | 44.6567 | 42.7759
M300 | 2.90E+05 | 46.875 | 44.4567 | 42.7128

M350 | 3.10E+05 | 46.885 | 44.9567 | 42.9125 e B }

Figure 10. The relation of tunnel shell thickness, grade of concrete and angle uo

7.CONCLUSION

Our research programme is general for underground’s structure calculation, we can use to
solve. for some other underground construction problems. With these Matlab programme-code,
we can develop, upgrade to get the designed modem, which can be used in calculating of
underground construction problems.

By the result of our research, we can recognize that the region which is affected by the
elastic reaction force to underground’s structure, represented by the u, angle, is not changed by
the changing of the grade of concrete, but depending on the changing of tunnel shell’s
thickness.

We can define exactly the angle u, by our research programme, and this result also shows
the suitable of the experiment formula when we use the experienced-angle @, = % to define

the elastic reaction force for computation the underground construction. So, by this Matlab
programme code, we can establish the reference table of angle u, which has the value exactly
depending to the data of foundation. It will be the useful data in teaching curriculum and in
designing of underground construction. .
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TINH TOAN VA XAC bINH CHINH XAC VUNG CHIU LUC KHANG PAN
HOI TRONG VIEC TINH TOAN NOI LUC CONG TRINH NGAM

Nguyén Quéc Tuyén, Lé Viin Nam
Trudng Pai Hoc Bach Khoa, PHQG - HCM

TOM TAT: Viéc xdc dinh ving phdt sinh chiu lic khdng dan héi ciia cong trinh ngam
dat trong cdc viing ddt nén ¢ y nghra quan trong trong viéc tinh todn ngi luc két cdu corzg
trinh ngam Luec khang dan hoi ciia ddt nén cé vai tro lam on dinh va giam nhe su lam viéc
thuc cua két cdu ngdm, dong thoi lam ting tri s6 luc doc va lam gzam gid tri momen uén cua
két cau. Truce ddy theo cdc cong thitc tinh todn thuc nghiém, géc xdc dinh vimg khéng chiu

anh huong lyc khang dan hoi cia dat nén duwoc ldy la: @, = / Trong bai bdo nghién citu

ctia minh, 16i xin trinh bay phdn tinh todn két céu céng trinh ngdm bdng phuong phdp phan ti
hitu han, tinh todn Idp d@é tim dwoc gid tri chinh xde ciia goc goo nham muc dich xde dinh

chinh xdc viing phat sinh chiu lyc khdng dan hoz ctia két cdu ngam, déng thoi tir do tinh todn
cde gid tri ngi luc trong két cdu cong trinh ngdm.)
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