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SET UP THE ALGORITHM AND CALCULATING
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Abstract

This article presents the design introduction of the Zamil frame steel structure. Building
algorithms and programming specialized software in order to solve the problem of
prescribed displacement (or the differential settlement problem) of the Zamil frame type.
Using specialized software to study and test numerically the design problems of the Zamil
steel frame structure, including prescribed displacement at the foot of the columns.
Therefore, compare the results of calculating the internal force and stress of the structure
between the original and after taking into account this load. From there, the author suggests
highly valuable comments to help design the type of this structure.
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1. Introduction

Steel structures, especially Zamil-style steel frames, have gained more popularity
around the world, including Vietnam. Steel structures have proven to be very suitable
for factory buildings with large ground areas and large spans because they have
convenient features such as quick installation, reasonable pricing, and high durability...
In terms of design calculation, the Zamil frame steel structure is quite explicit and easy
to design and verify, easy to fabricate, easy to erect and replace [1].

A Zamil frame steel building generally has two main parts: the foundation, and the steel
frame. The foundation is usually made of reinforced concrete, processed and fabricated on-
site; steel frame consists of many components (columns, rafters, braces...). These components
are usually prefabricated at the factory, then transported to the construction site and erected in
the designed position. Because Zamil steel frames often span large spans, few columns,
column foundations are usually designed as single foundations, so after a period of use, non-
uniform settlement between the foundations will appear (differential settlement). Differential
settlement is disadvantage for the steel structure, it causes the structure to fall into an
undesirable prestressed state. This is also one of the reasons why many Zamil frame structures
have problems with shaking, even collapse, even though the external load is still quite small
compared to the design load [2, 3].
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Figure 1. Typical Zamil steel frame.

2. Algorithm and programming problem of Zamil frame steel
structure with prescribed displacement
2.1. Converting prescribed displacement to nodal load

Figure 2. Typical rkshop with Zamil steel frame.

2.1.1. Elemental stiffness matrix [km] and global stiffness matrix [K]

In fact, prescribed displacement is also a type of load (connection load). The value
and direction of this load are determined through two parameters, the connection
stiffness and the forced displacement value.

The essence of solving structural problems with finite element method (FEM)
software is to solve a system of balanced equations of the elements in a global
coordinate system.

[K].{d} = {Q} (1)
where [K] is global stiffness matrix; {d} is connection displacement vector; {Q} is
connection payload vector.
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The global stiffness matrix [K], built based on the calculation and accumulation of the
stiffness matrix of the bar element [km] with size 12 x 12, is determined by formula (2). The
generalized spatial bar stiffness matrix is obtained by accumulating the stiffness matrix
of the bar elements.
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2.1.2. Element's connection load vector {Qm}

The load acting on the element can have many different forms such as a
concentrated force or moment acting in a certain direction, the point of application of
the force some distance from the left connection. The load can also be a length-
distributed load acting on all or part of the element. These element loads are referred to
as concentrated loads acting on the element connection.

Apply the general nodal load vector formula, when the surface force acts on an
area S on the element surface:

{Q.}=[.IN {P)ds (3)

In case the load is a concentrated force at the connection (connection load), this
load is added directly to the general load vector {Q}.

With the problem prescribed displacement, actually the load caused by prescribed
displacement to the structure is also the concentrated load at the connection. There is a
computational numerical treatment of the force (Pi), which is determined only after the
global stiffness matrix [K] has been built and calculated. The calculated value of P;,
determined by formula (4), is as follows:

Pi= KixAi (4)
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where Pi is equivalent connection load; Ki is stiffness of degrees of freedom
corresponding to prescribed displacement; Ai is prescribed displacement value.
2.1.3. Calculate internal force in element

The general formula for calculating the stress in an element according to the FEM
has the form:

{c} = [C][BI{d} (®)
With the bar system, the program needs to give the internal force (or stress) at the
connections of the element for different design purposes. The internal force components
at each connection correspond to the connection displacements components in the
element coordinate system.
2.1.4. The order of converting prescribed displacement into nodal load

The order of performing the calculation of the nodal load of the bearing forced
displacement problem includes the following steps [1, 3]:

a) Declare the connection name, prescribed displacement direction (X, Y, Z
according to the global coordinate system); the value of the prescribed displacement;

b) Calculate the stiffness matrix of each element [km] and the global stiffness
matrix [K] for the structural system;

c) Calculate the connection load vector {Q} (according to the global coordinate system);

d) From the global stiffness matrix [K], determine the stiffness value of the
degrees of freedom corresponding to the current prescribed displacement;

e) Calculation and conversion of equivalent connection load value of
displacement Aj;

f) Assign the value Pi to the nodal load vector {Q};

g) Solve structural problems using FEM software to get results of displacement,
internal force, stress [1, 3, 4]...

2.2. Programming the problem prescribed displacement of Zamil steel frame

Each element has its own stiffness and when calculating the global stiffness
matrix, they contribute the stiffness to the global stiffness matrix ([K] matrix).

With 3D frame elements, each elements has 02 nodes, each node has 06 degrees of
freedom (03 straight degrees and 03 degrees of rotation). In the FEM, when calculating the
element stiffness matrix [km] (size 12 x 12), we can determine which index of the matrix
belongs to node I (first node) and which index represents node J (end node) of element [4].

The essence of the problem of calculating the prescribed displacement is to
determine the connection with the direction, and value of prescribed displacement;
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convert to point loads (and assign to group O: TLBT). Then proceed to calculate
displacement, internal force, stress as a common problem [5-7].

* Algorithm and block diagram of the program

Algorithm to solve the prescribed displacement of Zamil frame is implemented
according to the algorithm described in the following calculation diagram [8]:
2.3. Specialized software Vn3Dpro

* Program organization

Vn3DPro is built and programmed according to the following block diagram [4, 9].
Self-made Vn3DPro software has been used to guide and defend successfully on many
master theses and doctoral theses. To check the accuracy of the software, the author has
chosen to compare starting from simple problems, (problems with analytic solutions),
and finallyc a few space frame problems, solved from SAP software. The results are
almost identical. But because of the limited scope of the paper, this comparison could
not be presented in the paper as it would increase the number of pages of the paper.

- Assign initial values to reference variables;
Checking and statistics of connections having
prescribed displacement connection prescribed
displacement value; |
\4
- Calculate the element stiffness matrices [Km]

and the global stiffness matrix [K];
- Calculate the load vector {Q}.

v

- Convert equivalent load value of displacement
Al Pi= KixAi;

- Add the Pi value to the connection load vector
{Q} (group 0: shelf load).

No errors

!

- Solve problems with specialized software;
- Calculate displacements, internal forces, stress...

- Display data results (to screen, to files, to papers...)

Figure 3. Block diagram for solving the prescribed displacement problem.

Yes

Continue?
nContinue >TS node)2
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* Programming specialized software Vn3DPro

From the above algorithm diagram, to build Vn3DPro software, choose the
Microsoft Visual C** programming language. This is an advanced programming
language with high processing speed, flexible and diverse dynamic memory allocation
capabilities. C** is also a language with inheritance and multiple correspondence, these
are outstanding features, helping programmers to develop applications in depth, easily
in upgrade them, and add new features.

The entire source file of Vn3DPro software is quite large (about over 100000
command lines), cannot be presented in the framework of the article. Therefore, the
article would like to quote an illustration of the source code that converts prescribed
displacement into point loads and accumulates this value into the load vector of the

problem [4, 9].

Enter data

- Declare data blocks, assign defaults

information;
- Input/read data blocks of connections,
elements, geometries, materials, loads...

- Reopen the old problem (from file);
- Edit input data (if necessary).

Edit input data

Through the dialogs

- Check input data?

OUT DISPLAY

PRINT OUT

l No errors

Solve probléms

- Calculate the element stiffness matrix [K]
and the global stiffness matrix [K];

|

error

- Calculate the load vector {Q} groups.
the problem, calculate the node displacements;
internal forces, element stress;

Y No errors

CALCULATION RESULTS

OUT FILE

Y

Continue to calculate ?

Yes

N Calculate a new problem, or a
<L different calculation method

Figure 4. Block diagram of Vn3DPro software.
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struct ConnectionDKB
{
int Name;
int MaCDich[6];
double dCDCBJ6];// prescribed displacement value corresponding to the degrees of freedom of
the connection
h // CONVERT PRESCRIBED DISPLACEMENT INTO CONNECTION LOAD AND
ASSIGN TO LOAD VECTO.
void ChuyenDichCB() // Calculate and integrate prescribed displacement into stiffness matrix
{ double dLoad;
for (int i=0;i<nDKB;i++)
{if(N_DKBJi].Name>0 && N_DKBJi].Name<=TsNut)
{ intk =nOIldToNew[N_DKB]Ji].Name-1];
for (int j=0;j<6;j++)
{ if(N_DKBJi].MaCDich[j]==1 && fabs(N_DKB]Ji].dCDCB][j])>0)
{ dLoad=SK[NDS[NDF[K][j]]]*N_DKB][i].dCDCB]j];
if(NDF[K][j]>-1) VecLoad.CAddPt(NDFI[k][j],0,dLoad);

}
if(N_DKB]Ji].MaCDichl[j]J==2 && fabs(N_DKB][i]. TaiTgDg[j])>0)
{ dLoad=N_DKBJi].TaiTgDg][j];

if(NDF[K][j]>-1) VecLoad.CAddPt(NDF[k][j],0,dLoad);
Priil

Vn3DPro is a specialized software to solve structural problems by mathematical
method. The software is directly designed and programmed by the author of the article.
In this paper, Vn3DPro is also used to perform numerical test problems [3, 4, 5].
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Figure 5. Main interface screen of Vn3DPro software.
3. Numerical test to evaluate the influence of prescribed displacement
on internal force and stress of Zamil steel frame
3.1. Description of experimental works
The numerical test in the article is a Zamil steel frame with three columns, a span
of 36 m, a column height of 8.50 m, and a roof slope of 10%. The project was built in
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the North Thang Long industrial park. Frame columns and trusses are composite steel,
made from construction steel. The column connects to the reinforced concrete
foundation through 04 bolts ¢ 24, when making the calculation diagram, the bolts
connecting the foot of the column to the foundation can be considered as a fixed bearing
connection. The numerical test content will calculate the steel frame structure with the
following 02 problems:

- Problem 1: Compute the frame without including the prescribed displacement problem;
- Problem 2: Calculating the frame when the prescribed displacement problem is included;

The calculation results of the two problems will be compared, evaluated and made
necessary recommendations for similar works [4, 6, 10].

3.2. Problem 1: Compute the frame without including the prescribed displacement problem

1 3
13 M 12
10 4 5
a) Connection numbering diagram b) Element numbering scheme

Figure 6. Diagram of node numbering, number of elements.
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Figure 7. Cross section of columns and trusses.
3.2.1. Determine the load and make a calculation diagram

a) Groups of basic loads acting on columns: include 05 groups:
= Group 0: Self-weight (self-calculated software);
= Group 1: Static loads;
= Group 2: Live loads;
= Group 3: Wind pushing left;
= Group 4: Wind pushed right.
The calculated values of the loads are determined according to TCVN 2737:1995,
table 1 below is an illustration of the wind load calculation for the test work [4, 10]:
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Table 1. Calculation of wind load according to TCVN 2737:1995

Calculate the wind load according to the formula: W=Wo.K.C.y
1) | Wo- look up the wind partition table ( Hanoi [IIB] ) | 95.00 | kG/m?

Geometric Dimensions (h1; L; b) h1(m) L(m) b (m) h1i/L | b/L

8.50 66.00 36.00 0.13 | 0.55
Roof slope | 10% = 5.71 degree

2) | K- altitude coefficient

Terrain: Terrain A (empty)

At the base of the column 1.00
At the top of the column 1.15

3) | C - Aerodynamic coefficient

Put on the face to catch the wind on the wall (Ce) 0.80

Place it on the wall air intake (Ce3) -0.40
4) | y- Reliability factor 1.20
5) | Loading distance (m) [frame span] 6.00 | m
6) | Calculated wind load value placed on the frame

Column bottom (windward face) 547.20 | daN/m | Average value

Column top (windward side) 627.64 | daN/m 587.42

Column bottom (air intake side) -273.60 | daN/m

Column top (air intake side) -313.82 | daN/m -293.71

Roof truss (windward side) -76.45 | daN/m

Roof truss (air intake side) -313.82 | daN/m

Load group 0: Self-weight will be automatically calculated by the software; other
groups are determined according to TCVN 2737:1995 and entered directly. Combined
load is calculated including combination of dead load (group 0) with group 1, group 2,
group 3, group 4.

¢) Group 3: Wind pushing left d) Group 4: Wind pushed right

Figure 8. Calculation diagram of basic load groups.
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b) Declare the combined loads

Problem 1 and problem 2 have the same declaration, with 04 groups of Combined
Loads as follows [6, 8, 9]:

- TH1: 0(1.00)+1(1.00);

- TH2: 0(1.00)+1(1.00)+2(1.00);
- TH3: 0(1.00)+1(1.00)+3(1.00);
- TH4: 0(1.00)+1(1.00)+4(1.00).

3.2.2. Calculation results

Moment chart of combined load: 5 (TH1:0(1.00)+1(1.00)) Moment chart of combined load: 6 (TH2:0(1.00)+1(1.00)+2(1.00))
Mzmax = -60.74<kh.m>= at node: 2 Mzmax = -142.89<kN.m> at node: 2
€0.74 142.89
40.75 40.75 95.78 95.78
41! 2J 19,64 12 9 16. Jc 412 0 i ;ﬂzg 3J..‘H2_5_—__9
LEL k
1 4%' 13.%7 8
a) Moment dlagrams caused by TH1 b) Moment diagrams caused by TH2
Moment chart of combined load: 7 (TH3:0(1.00)+1(1.00)+3(1.00)) Moment chart of combined load: 8 (TH4:0(1.00)+1(1.00)+4(1.00))
Mzmax = -119.32<kN m>= at node: 4 Mzmax = 118.07<kh.m= at node: 4
50.22 50.38
27.40
- ————
4oz 0faz 1 N il
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¢) Moment diagrams caused by TH3 d) Moment diagrams caused by TH4
Figure 9. Moment diagrams caused by Combined loads (Problem 1).
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c) Stress caused by TH3 d) Stress caused by TH4

Figure 10. Stress graphs caused by Combined loads (Problem 1).
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3.3, Problem 2: calculating the frame when the prescribed displacement problem is included
3.3.1. Determine the load and make a calculation diagram (similar to problem 1)
Problem 2 has essentially the same input data as Problem 1. The loads and load
combinations are essentially the same. The only difference is the group 0 (Self-weight)
load of Problem 2, which is added to the converted load component caused by
prescribed displacement. With the distance between the boundary column and the
middle column is 18 m, the maximum allowable differential settlement is (0.002 +
0.003)xL = 0.036 m = 0.054 m. For problem 2, we choose the middle column with
differential settlement (prescribed displacement) = 3 cm is an acceptable value [3, 4]:

Higu chinh =& liéu lién két nhom nut *
Téng sé nit 1 Chuyén dich CB fai niit Gditwa dan hdi tai nat
thudc nhdm chon
naulkanibEn di=m=| o Twa BH X (kN/m) [~ |0
o [ Ngam cimg dY=m=| 0 TwaBHY (kN/m) [ |0
dZ=m>/ TuaBH Z (kNim) [~ |0
[~ Tuatheo chidu X M¥=rad=| o Tura BH Xoay Mx (kM.mirad) [~ | 0
[~ Tuatheo chiduY MY=rad=| [ Twa BH Xoay My (kM.mirad) [ |0
[~ Tuwatheo chiduZ MZ=rad=| 0 Twa BH Xoay Mz (kN.mirad) [~ | O
[~ Chéngxoay phuong 0X
. X0d cdc CDCB va GTPH cd trong nhdm ndt hién chon ‘
[~ Chong xoay phuang 0Y
[~ Chong xoay phuong 02 Huj ‘ ‘ Nhan |

Figure 11. Prescribed displacement declaration (A4i =3 cm) for the middle column.
3.3.2. Calculation results

Moment chart of combined load: 5 (TH1:0(1.00)+1(1.00)) Moment chart of combined load: 6 (TH2:0(1.00)+1(1.00)+2(1.00))

Mzmax = -73.85<KN.m> at node: 2 Mzrmax = -156 00=kN.m= at node: 2
73.85 156.00
28.18 83.21 . 83.21
— ?c e
* gy o 21w 4l 44
1013
77567 Pl ' 265!
a) Moment diagrams caused by TH1 b) Moment diagrams caused by TH2

Moment chart of combined load: 7 (TH3'0(1 00)+1(1 00)+3(1 00))  Moment chart of combined load: 8 (TH4:0(1 00y+1(1.00)+4(1 00))
Mzmax = -119.32=<kN.m= at node: 4 3.3 Mzmax = 118.07<kN.m=> at node: 4

13.90 23,30
r’———( w—yt

A 27.40 26.23
15.54
91.83 l 118.32 l 51.8. & &
¢) Moment diagrams caused by TH3 d) Moment diagrams caused by TH4

Figure 12. Moment diagrams caused by Combined loads (Problem 2).
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Figure 13. Stress graphs caused by Combined loads (Problem 2).
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Table 2. Comparison of calculation results at some typical locations

No Internal force, At the node, Unit Problem ;'r%ﬁ Problem ;'r%?ji Difference
and stress element 1 2 (%)

1 | Moment M; node 2, ele. 6 kN.m | 142.89 TH3 156.00 TH2 9.17

2 | Axial force Ne node 4, ele. 1 kN 79.66 TH2 82.96 TH2 4.14

3 | Shear force Qy node 2, ele. 7 kN 24.04 TH4 36.99 TH2 53.87

4 | Stress ce node 10, ele. 9 MPa 163.2 TH3 174.90 TH3 7.17

4. Comments

- Internal force and stress at the comparison positions both increase when
prescribed displacement is included (Problem 2). This is in accordance with the rules of
structural mechanics.

- When taking into account the effect of prescribed displacement, the maximum value
of internal force and stresses change by different levels. The shear force Qy witnesses a
maximum increase of 53.87% while the axial force Ne grows slightly by 4.14%.

5. Conclusion

- Prescribed displacement problem of Zamil steel frame buildings is a scientific
and practical research content. The construction of algorithms and programming for the
prescribed displacement bearing problem as presented in the article is reasonable and
the results of internal force and stress calculation are acceptable [2, 5].

- Numerical experiment with the problem with and without the supporting
prescribed displacement shows that in the design of Zamil frame steel structures, the
calculation including the supporting prescribed displacement is necessary.
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- Due to the limited scope of the article, the test only presents the case with 1
footer connection (middle column) with prescribed displacement, in reality it is quite
possible to appear cases where many columns have the same prescribed displacement as
support much more complex problem. Then the degree of deviation of internal force and
stress will be even higher.
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XAY DUNG THUAT TOAN VA LAP TRINH BAI TOAN
CHUYEN DICH CUOGNG BUC GOI TUA KET CAU THEP KHUNG ZAMIL

Tran Nhit Diing

TOm tat: Bai bao trinh bay bai toan thiét ké két cdu thép khung Zamil. Dyng thugt toan
va ldp trinh phan mém chuyén dung dé giai bai toan chuyén dich cuéng bic goi twa (hogc bai
todn hin khéng déu cua két cau nha xuwong), kiéu khung Zamil. Si dung phan mém chuyén dung
dé nghién cizu, ther nghiém sé véi bai toan thiét ké két cau khung thép Zamil c6 ké dén chuyén
dich cieong birc tai chan cét. Qua ds, so sanh két qua tinh néi lic va ieng sudt cia cling mét cau
ki¢n khi c6 hodc khéng tinh @én chuyén dich cuéng bic tai chan cot. Tir dé ¢ cde nhdn xét,

ddnh gia cho cdc két cau cong trinh twong tu.

Tir khoa: Khung thép Zamil; cot; kéo; chuyén dich cudng birc; phan mém Vn3DPro.
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