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AbstractEth this paperf-a dynamic evaluative method is provided to define the buckling load of oilfield derrick.
FirstlyE—the linear relationship between the basic frequency and the axial load of the cantilever structure with axial
loading is solveE "or determinedEC€from the dynamic eigenvalue equation of the structure. ThenE-the load of oilfield
derrick can be loaded step by stepE-and the basic frequency w?; corresponding to the load N; can be calculated or
measured outE-the linear relationship of w?; ~ N; is drown up using the data mentioned above. The axial force corre-
sponding to w;; =0 is the required buckling load of oilfield derrick. The suggested method may evaluate the buck-
ling load of oilfield derrick combining nondestructive testing with calculating. It is convenient to estimate the bearing
capacity of oilfield derrick.
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Introduction

Oilfield derrick is a large and complicated metal rigid
— framed structureE-it is one of the important equip-
ment in the oil industry and plays an important role in
oil production. Sof-it is of momentous practical signifi-
cance to define the bearing capacity and give an evalu-
ative standard of the reliability for the oilfield derrick.
NowadaysE-the standard of use permit and out of ser-
vice of oilfield derrick is usually established based on
experience not on full mechanical analysisE-this can
cause unnecessary waste or threaten the security of pro-
duction. Furthermore£Ait is not actual to determine the
buckling load directly by the method of destructive test-
ing because of the huge body and the bearing heavy
loading of the oilfield derrick. Therefore£-it is neces-
sary to search a convenient and practical method which
combines nondestructive testing with calculating and
computer simulating to estimate the buckling load of

oilfield derrick.

Based on the facts mentioned aboveEn dynamic evalua-

tive method is provided in this paper to define the
buckling load of oilfield derrick.

1 Formulation of the Equation

For the cantilever structure shown in Fig. 1£4ts flexural
stiffness is EI and its mass per unit of length is m£-it
is subjected to a constant vertical load N acted on the
top. To approximate the motion of this system with a
single degree of freedom£-it is necessary to assume that
it will deform only in a single shape. The shape func-

tion will be assumed as

- M 4
& «xE0= I_COSZZ £

and the amplitude of the motion will be represented by

£71£0

the generalized coordinate £ tE€thus

£ xE£0= § x£8 1£C. £72£0
The equation of motion of this generalized system can
be formulated conveniently using Hamiltonj s princi-

pl (%U 1£2EY

m”EtEC k£ 1£0= 0 £~ £73£0
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Fig.1 The cantilever structure

in whichEgeneralized mass

l
m” = J my€ xE@x = 0.228ml £+ £74£0
0

generalized stiffness

. Lo o EI -
k= JOEE JE +E8Rx = 2 P £~ £75£0

generalized geometric stiffness

1
ki = Joﬁ"wx£@©dx - ]‘é—’lfz £+ £76£0
Combined generalized stiffness
k :k—k0=32Z3—8l. £77£0

ThereforeE-the equation of motion including axial force

effects becomes

0.228mlE" 1£C+ 73‘;?3[(1 . TrzEIéV.MzE%E"m@: 0 £-
£78£0
and the square of the basic frequency of system is
2 mEl ( _ N %
“1 = 7.206mi\ " T R EIZALE
_ 13.25{‘(1 - H#‘AFE% £~ £79£0

Eqf "9£Crepresents the linear relationship between the
square the basic frequency w} of the cantilever structure
and the vertical axial force NEwhich proves that the
basic frequency corresponding to the classical load can
be used in evaluating the buckling load of ollfield der-
rick in nondestructive testing. The same conclusion can
be obtained for any other structure. In this paperE-the
two dynamic evaluative methods of buckling load analy-
sis of oilfield derrick are presented as follows.

1.1 Testing method

Two vibration tests are conducted without and with axial
load NE-with getting the basic frequencies w g and w;
of the structureErespectively. Based on the two groups

of actual datum£-the linear relationship between w? and

N can be obtained.
According to EqfE "9ECthe load corresponding to w; =0
is the buckling load N, of oilfield derrick. To increase
the precision of testing resultsE-many different load N,
can be applied one by one and several tests may be
done corresponding to each N;. FinallyEthe mean value
can be taken as the critical buckling load of oilfield
derrick.
1.2 Computer simulation method
FirstlyE-the dynamic eigenvalue equation of oilfield
derrick with axial load N acted on the top is

EOKEY- 2AE0K,EV- «UMEV = 0 £+ £710£0
in which£6 KE£EQ K, £YandEU MEYare stiffness matrixE=
geometric stiffness matrix and mass matrix of oilfield
derrick finite element modelE-respectively. The rela-
tionship between the square of the basic frequency w?
of oilfield derrick and axial load N is solved by com-
puter simulation. When w] = OE-the generalized eigen-
value A, given in Eq£ 10£0is the required buckling
load of oilfield derrick. In practiceE-the load of oilfield
derrick can be loaded step by step and the basic fre-
quency w?; corresponding to the steped load N; can be
calculated outE-wsing the relationship between w? and
N;E-then the load corresponding to w; =0 is the buck-
ling load of oilfield derrick.
In order to increase the calculation precisionf-the two
methods mentioned above can be combined to use.
FirstlyE-the relationship between wi and N, is present-
ed with computer simulation. NextE-the relationship
between w? and N, is modified by the model testing of
oilfield derrick. FinallyE-let wi = OE-the load corre-
sponding to w; =0 is the required buckling load of oil-
field derrick.

2 Numerical Examples

Example 1. A cantilever structure is shown in Fig. 1€~
both flexural stiffness EI and mass per unit of length m

of the structure are uniform distribution along its

length.

The structure is discretized by dividing it into 3 ele-

ments by finite element method and loaded step by

step. Using EqE” " 10EE-the relationship between the ba-

sic frequency w? and axial load N; acted on the top of

the structure is shown in Fig.2. Then the load corre-
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sponding to w; =0 is the buckling load N,, of the can-
tilever structureE-as follows£®
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Fig.2 The w? ~ N; curve of the cantilever structure

No = 2-44115—21 : £711£0
The true buckling load P, of an uniform cantilever
structure is theoreticallfr[J3£Y
™ El .
Po = £712£0
cr 4 l2

The results of both EqE 11£Cand EqE 12£Care approxi-
mately equalE-the calculating error is 1.1% .
Example 2. A plane frame structure is shown in Fig.3£-
the flexural stiffness EIE-mass per unit of length m and
length [ are all constant.
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Fig.3 The plane frame structure

The structure is idealized by finite element methodE—ev-
ery bar is divided into 2 elementsEdoading on the top of
plane frameE-using EqE 10£Cthe relationship between
the square of the basic frequency w? and axial load N;
acted on the top is shown in Fig.4.

Based on the relationship between w? and NEthe verti-
cal load corresponding to w; = 0 is the required buck-

ling load N,, of the structuref-has

N, = 7.40 ’;;’ £- £°1380

EfI
N

Fig.4 The w? ~ N; curve of the plane frame structure
The true buckling load P, of this plane frame is theo-
reticall§03£Y
EI
P’
The results of both EqE " 13£@ind EqE ™ 14£Care approxi-

mately equal with a calculating error of 0.8% .

P, =17.34 £714£0

It is known through the two examples above that the re-
sult of the method presented in this paper is identical to
the result of the theory method. So the theory of this
paper is correct and the method is reliable. It can be

used in the engineering for buckling load analyses.
3 Application of Engineering

The bearing capacity of a using oilfield tower derrick is
estimated by the method of this paper. The derrick is a
quadrilateral space frame metal structureE-the horizon-
tal plane size of the bottom of the structure is 12 m x
12 mE-the top size is 3 m x 3 mE-the highness of the
derrick is 48 m. This paper simplifies the derrick as 86
space beam elements and 31 nodesE+ig.5 is the calcu-

lating model of the structure.
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Fig.5 Calculating model of oilfield tower derrick
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Loading on the top of the derrickE-using Eqf™ 10EE-the
relationship between the square of the basic frequency
w? and axial load N, is shown in Fig.6. Based on the

curve w? ~ N; of Fig.6Ethe axial load corresponding to
w; = 0E-that isE—the buckling load of the oilfield tower
derrick NV, = 1249 kN.
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Fig.6 The w? ~ N; curve of the oilfield tower derrick

4  Concluding Remarks

A dynamic method for evaluating the buckling load of

oilfield derrick is provided in this paperE-which may
combine nondestructive testing with calculating. Its op-
eration is convenient and needs less equipment than the
traditional method of static testE-the result of this
method is identical to that of the traditional method.
SofAit is a practical and valuable method for evaluating
the buckling load of oilfield derrick. A new way is op-
erated for estimating the bearing capacity of structure
quantitativelyE-which can also be used to estimate the

buckling load of other engineering structures.
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