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"ABSTRACT

AnaLysis oF PipeE CLamP EAR PLATE
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Civil Engineer , Hiroki Kawai
NIPPON STEEL CORPORATION Yoichi .Fukuda

Civil Engineers
. NIKKEN SEKKEI LTD

Pipelines conveying petroleum oil are either buried underground.pr
supported aboveground. This paper deals with an aboveground. support structure
‘and describes some considérations necessary for optimizing the deéign'bf ear
plates provided in order to fasten the heavy pipe clamps which sustain consi-A
derable stresses.

In-this paper, the following two models of ear plates are considered:

A)' Ear plates deéigned on the basis of conventional plate bending theory

(Model A). -

B) Eqr plates de;igned on the basis of analysis by two dimensional finite
element method (Model B). In this model, modifications were made to Model

A described,ébove (1) to reduce the weijht by using a plate instead of the

bolts at a compression side and (2) to simplify the ear ﬁ]ate compression

mechanism by removing stiffeners. ‘

Comparison of the ana]ysig results obtainedrfor Model B with fhose of
Model A indicates that Model B enables steel to be reduced by 14% by weight
compared with Model A and that Model B involves Iéss e]aborate.fabrication.
Thus, it has been proved that the two dimensional finite element method, which
has come to be widely applied for structural designs of airplanes, ships, build-.
ings and other engineered structures, can be effectively applied for ear plates
design. Also, the method is considered effective for design of other parts of

pipeline structures.
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Introduction

'P1pe11ne§ conveying petroleum oil are e1;her'buried_underground or
supported aboveground depending on the climatic, subsurface or other en-
~vironmental conditions of the site.

Hheﬁe there is no fear that frozen soil 1s thawed by heated o0il caus-

ing large bending stresses in piping elements, pipelines are generally
- buried underground., |

In areas where tawing due to heated oil is 1iable, pipelines should
be raised off ground by means of support siructures. In such a system,
pipelines must be fully 1nsu1atedjb& pquurethane or other appropriate
materials in order to minimize temperature fall of;heated 0il1 because o011
attains high viscosity when 1its temperature lowers under the influence of
low ambient temperature.

Varfous systems have been devised to absorb stress vﬁriation caused by
tempeature and pressure changes in aboveground oil1 pipelines. This paper-
deals with a suppoft structure so designed as to absorb stress variation by
the geometrical change of the pipeline (see Fig. 1) and will describe some
considerations necessary for optimizing thé design of certain elements of

such a support structure.

(1)



Fig. 1 Pipeline Support System

Pipe Clamp Ear Plate

As shown in Fig. 2, the support model is composed of: i) clamps
‘which directly hold the. insulated pipe; 11) shoes whose function, it
is to cope with stresses which vary due to changes in temperature and
pressure; and iii) piles and a beam which act as major structural

members.

PIPE CLAMP

Fig. 2 Structural Member
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0f the foregoing components, shoes and pipe clamps may be design-

ed without being much affecied hy Tocal conditions of the site.

Table 1 indicates the weight proportion of various materials which
constitute the shoe and clamp assemblies. It should be noted from
‘Table 1 that ear p1ates account- for a substantial port{on of the over-

all weight of these assemblies.

Table 1 Weight Proportion (%) of Shoe and Clamp Elements

e -'Bent Pipe Bolt, Nut | Round |Shoe
i, & Washer Bar Mechanism
Shoe 18.2 % 0 9.5% 0.1°% 0.4% 0.1%
Clamp 38.0%%| 25.9% | 3.8% 0 0 0

* Clamp ear plate

~_In view of above, two types of ear'plates were considered as des-
cribed below:
1) ‘Eaf plate designed on the basis of conventional plate bending
theory (hereinafter referred to as Model A: see Fig. 3.)
2) | Ear plate designed on the basis of analysis by two dimensional
finite element method. A modification of Model A (hereinafter

referred to as Model B: see Fig. 4.)

These models were studied on a comparative basis to determine

their respective advantages.
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Fig. 4 Model B

2.

2.1 Design of Model A

Fig. 3 indicates the detail of Model A ear plate as designed by

the conventional plate Bending theory. The mechanism of this

model may be described as follows: |

1) Tension bolts (on the inner side) and
compression bolts (on the outer side)
tighten the upper and the lower ear
plates which in turn tighten the

43;; E— _ clamp holding the pipe.

I & 2) Each plate is provided with stiffeners

located between bolts, and ear plate

thickness 1s determined on the assump-

tion that the plate is a rectangular

Fig. 5 Detail of slab fixed at three sides and free at
Model A one side, being supported between

stiffeners.
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z-2 Deﬁign of Model B (Based‘on'the'TWO'Dimens1ona1 Finite Element

Method Analyses)

Subsequent to the deﬁe1opment of Model A ear plates designed

by the conventional methbd, studies were continued to see if it

_was possible to effect some steel saving by}modifying Model A.

As can be seen in Fig. 4, the follow-

ing modifications were proposed: .

1)

2)

Fig. 6 Detail of
Model B

Instead of the bolts at the com-
pression side, a plate would be
provided between the ear plates

at their outer edge.

This should make it possjble to
eliminate the edge distance for
the compression bolts, thereby re-
ducing the ear plate width.

The stiffeners in Model A would be
removed to simplify the ear plate
clamping mechanism and to effect
further steel saving.

See Fig. 6.

In order to verify the feasibility of the foregoing modifi-

cations, a two dimensional finite element method analysis was

performed by uti1izing an IBM 1130 digital computer so as to

obtain optimum design.
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As is widely known, the finite element method enables designers
to clarify physical behavioxs of structures of arbitrary shape

by combining force and displacement of buildings into a stiffness
matrix and converting the entire structure into a coordinate
system. 55 this method has given a new means for structural ana-
1yses which ﬁere otherwise 1mpossib1é. the method has.come to be
widely applied for structural designs of airplanes, ships, build-
ings and other engineered structures.

For the present purpose, the ear plates were converted into the
following simulated model which was, then, checked as to out-of-
plane bending. Analysis procedures adopted were as follows:

Star

Read data on materials, nodal points, elements
and loads.

| Print the above-meffj;;ff—ggggJ
|

[ Generate the intermediate nodal points. |

Make an index of nodal points and internal nodal
points as related to an overall matrix.

Make a stiffness matrix for triangular and square
elements.

[ Hake an overall matrix. |

=

[ Hake Toad vectors. |

I_Sol\re the simultaneous plural equations. |

Print deformations.

Compute stresses and strains in elements and average
them at each nodal point and intermediate nodal point.

rY
Print stresses and strains at each nodal point.

(Pake deformation diagrams by a plotter.)

(ke a stress contour diagram by 3 plotter.) Table 2 Flow Chart of 'F_E'M_

Sto (6)
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Analytical Model for Analysis by the Finite Element Method

In this analysis, a model was taken from a partial section through
the ear plate, compression plate and upper clamp plate. Then, it
was assumed that such a section was subject to a uniformly distri-

buted load applied on the tension bolt. See Fig. 7.

-

Upper Clamp i
Plate
H%n (1ouL=itn__ h .:_-;
Ear Plate
4

o P _98 'l g5

“ .

24

He _Hn

¢ Compression .
‘Plate i

18"

Fig. 7 Analysis Model of F.E.M.

The analysis was conducted by the use of an IBM 1130 digital com-
puter and a program which was developed and owned by the firm of
Nikken Sekkei for its exclusive use. The outputs which were ob-

tained are as shown hereinafter.
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Results of Analaysis

Fig. 8 shows the analysis results as to the disp1acemeht of the

frame and Figs. 9 through 12 show those as to the distribdtion

of stresses, 6x, 8y, Tzy and 8x in due order.

the distribution of normal force on each section.

Fig; 13 shows

From these analyses, it was found that under 1dent1a1 stress con-

ditions Model B ear plates were still on the safe side even if

stiffeners were eliminated and plates were kept at the same thick-

ness as for Model A.

' "ffl (1oTAL=108)

ket

===== Before Displacement

——  After Displacement

Fig. 8 Displacement .
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' Fig. 9 Contours of é&x
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“Fig. 10 Contours of dy
(Pitch : 0.2 kp/in?)
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Fig. 12 Contours of Equivalent Stresses
dx= (éx +6Y dxdv+3t’3)
(Pitch : 0.2 kp/in?)
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Fig. 13 Distribution of Normal Force

Conclusion

By comparing the analysis results obtained for Model B with those of

Model A, the following cone1usipns‘were reached:

1) Ear plates in Model B, in which the stiffeners as used in Model A are
eliminated, are evidently safe enough without increasing plate thick-
ness over that adopted in Model A. Thus, Model B enables steel to be
reduced by 14% in weight‘compared with Model A because of the elimi-
nation of the stiffeners and the reduced ear plate width.

2) Sinée the ear plate thickness 1n'Mode] B is the same as that in
Model A, the ear plates in these two models are.governed.by the exact-
1y same conditions as to Charpy values and low-temperature brittleness.
Hence, eﬁr plates in Model B are in no way inferior to those in Model

A when.used under austere climatic conditions.

(11)



3) Since Model B is economical as compared with Model A and involves less

elaborate fabrication, it may generally be concluded that the design

has been optimized by the use of the finite element method analysis.

Table 4
MODEL A | MODEL B NOTE
STEEL WEIGHT 100 86
L, et T o so  |oUTER BOLT HOLES omiTTED
WIDTH NARROWED BY 2. 4"
EDGE PLATE(LOWER) 100 105 IV‘:ST ':A;:‘ PL':)TE T4 BE WELDED
FABRICA. N PLACE OF OUTER BOLTS
TION T :
STIFFNER PLATE OMITTED 100 0
FABRICATION IMPROVEMENT 100
ON BENDING OF CLAMP PLATE 56
CONSTRUCTION SCHEDULE o
(ASSUMED) 90

In this paper, only'ear plates which account for substantial portion

of the total steel weight of pipeline support structure have been des-

cribed; however, the finite element method has also been applied for ana-

lyses of clamp plates, pivot pins, and other support elements in order to

optimize their designs.
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