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SUMMARY

Small-diameter gas pipelines (3 inch or less) are connected with mechanical
joints, which have earthquake-resistant properties. In this paper, the earth-
quake resistance of newly developed welded small-diameter pipes, especially ser-—
vice junctions with mechanical joints, are evaluated. Present analysis clarified
the effects of external forces acting on the conventional junction materials.

INTRODUCTION

For small-diameter gas pipelines, mechanical joints (SGM joints) are gener-
ally used because they are flexible and capable of absorbing ground movement
during differential settlement and/or seismic movement. On the other hand, re-
cent technological developments have facilitated commercialization of welded
joints using simple welding devices. It is expected that such joining tech-
niques without the use of joints will be combined with trenchless pipe-laying
techniques to improve pipeline construction efficiency. It is, however, neces—
sary to use mechanical or screw joints for service junctions on customers' prem-—
ises and not welded joints. This report describes the earthquake resistance
evaluation of service junctions in a small-diameter pipeline. An earthquake
response simulation of lead-in service junctions was made with an earthquake
input and the soil properties prescribed in "Recommended Standards for Earth-
quake Resistant Design of Gas Pipelines” (Ref. 1) (to be called “the Recommended
Standards") as the parameters, and the results were analyzed. Since service
pipes are of three-—dimensional configuration, the analysis was made using ERAUL
IIT (Earthquake Response Analysis of Underground Lifelines III), a three-dimen-
sional nonlinear program for analysis of pipeline response to earthquakes.

METHOD OF ANALYSIS AND MODEL

Outline of Method The method of analysis employed in the present study is
based on the theory of a beam on an elastic foundation and the modified transfer
matrix method just as ERAUL II developed by Takada et al. (Ref. 2). Where the
present method differs from ERAUL II is that the condition of force equilibrium
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at the tee and the condition of displacement compatibility have been introduced
into the discussion. Figure 1 shows the forces at the tee and the direction of
displacement. Equations (1) give the relation between the mechanical quantities
of the i-th and (i+l)-th elements and those of the k-th element of the service
pipe in terms of displacement U and force Q (generalized coordinate system).

The transfer process in the direction indicated by = from the main pipe to the
service pipe at the tee is given by the following equations.

By substituting Eqs. (2) in Egs. (1) and rearranging, o, B and y at the left end
of the (it+l)-th element of the main pipe is given by (3)

Further, by using the transfer quantities, in both directions, of the (i+i)-th
element of the main pipe to find the coefficients a, B and y for the i-th ele-
ment and k—-th element of the main pipe and the service pipe, respectively, the
transfer process in the direction indicated by <+ at the tee can be expressed as
follows.
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A program for analyzing the response of a three-dimensional tee to an earthquake
has been developed by the introduction of the coefficients o, B and y into the
computational process given by ERAUL II.
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Fig. 1 Coordinate System and Direction of Displacement and Force
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Ground Characteristics The ground spring constant used in the analysis was as
shown in Fig. 2. It was completely elastoplastic in the axial direction (spring
constant per unit area kj, critical shearing force Z.,) and elastic in the
transverse direction (spring constant per unit area k2). The values of ki1, k2
and Z,y were as shown in the Recommended Standards:
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Fig. 2 Ground Spring Constant

Earthquake Input and Ground Movement Input A seismic wave enters buried pipes
in the axial direction and is considered to be a longitudinally propagating wave
with displacement in the direction of propagation (a sine wave with wavelength
L and amplitude Up). The seismic wave used for input was as indicated in the
Recommended Standards. L and Uy values were obtained from the following equa-
tions:

meZ

2
L=V T Uh='ﬂ—2'T‘SV'KOh‘COS'EH—

Koh: Designed horizontal seismic intensity
T Natural period of surface ground layer
H Thickness of surface ground layer
V : Apparent propagation velocity of seismic wave
L : Apparent wavelength of seismic wave along ground surface
S Response velocity per unit seismic intensity
Uy : Displacement amplitude of surface ground layer
Critical shear stress between pipe and soil
: Relative displacement between soil and pipe
z : Buried depth of pipeline

Figures 3 and 4 indicate the relationship between T and V, and T and Sv,
respectively. Figure 5 plots the relationship between T and Up. Since the rel-
ative displacement between the pipe and soil due to sliding of the straight por-
tion of pipe concentrates at the junction, the pipe strain is maximum at the
junction when relative displacement A is maximum. In this analysis, therefore,
the natural period T of soil where A is maximum for the pipeline was used as a
representative value (Fig. 6).

L =148.6m A max = 1.98 cm T = 0.51 sec.
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Fig. 3 Fig. &4
Apparent Propagation Velocity Response Spectrum per Unit Seismic
Velocity of Seismic Wave Intensity at Base Rock
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A ground movement input 5,228
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Pipe Model for Analysis The pipe model for analysis was as shown in Fig. 7 and
was composed of 185.8 m of straight main pipes on one side of junction and 2.5 m
of a service pipe. When connecting the main pipes with mechanical joints (to be
called SGM) or screw joints, the interval between the joints was set at 4 m. In
practice, a junction is constructed as shown in Fig. 7. It consists of a ser-
vice clamp and a service tee screw—jointed to the clamp, and an SGM joint.

Analysis was made of the eight /Jzﬂ
cases shown in Table 1. Analysis was Seckics bipe
also made (in two cases out of eight) of
the junction of a welded small-diameter
pipe connected with a GMII-jointed
larger—diameter pipeline (junction B

in Fig. 7). Figures 8 and 9 indicate
input points, etc.

Junction A
SGM or Welded

~_Service Clemp

Fig. 7 Calculation Model

N

Settiement Fissure
Fig. 8 Seismic Wave Fig. 9
Table 1
Case Input Joint of Main pipe Joint_of Service pipe
1 Seismic wave SGM joint SGM joint
2 Seismic wave | Welded joint SGM joint
A 3 Settlement Welded joint SGM joint
4 Settlement Welded Joint P E
5 Fissure Welded joint SGM jolnt
6 Fissure Welded Joint PE
8 7 Settlement Mechanical joint (GMI) Welded joint
8 Fissure Mechanical Joint(GMIT) Welded Joint
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Table 2 Dimension of Pipes

Table 2 summarizes the
and a service pipe. (em) | (em) | {cm?) i (em*) E(kg/em?) | 6{kg/cm?)
M pipel S Welded| .81 | 0.42 [ 11.2 102 | 2.1 x 10° | 8.1x10°
[T 32.28 | 0.85 |83.93 | 10371 1.6 x 10° | 6.2 X103
Service | SGM-welded| 6.05 | 0.38 6.77 27.32 | 2.1 X 10% | &.1XI03
PIPe b g 6.05| 038 | 6.77 27.31 | 3.0X 103 | I.2XI0%

Figure 10 shows an example of the mechanical properties of various joints
(SGM, screw and service clamp). These figures provide the experimental data.
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Fig. 10 Characteristic of SGM Joint

RESULTS OF ANALYSIS

Results of analysis for cases 1 to 8 are summarized in Table 3. As an ex-
ample, Fig. 11 depicts the junction behavior in case 5. Moment distributions

are plotted in Fig. 12.

From these results, the following conclusions can be drawn.

Junction A from a small-diameter pipeline

i) For seismic wave input (Cases 1 and 2)
When main pipes are SGM-jointed, the junction materials are not subjected

to great force. This is because SGM-jointed pipes follow the wave input owing
to the effective flexibility of the joint. Welded pipes are subjected to force
at junctions because welded joints do not absorb seismic input; however, the
effects of seismic input are less than 20% of the strength of the joint, thus
allowing continuous use of the current junction materials.

ii) For settlement input (Cases 3 and 4)
When main pipes are welded, a significant bending moment is applied on the

service tee screw at the junction. The moment, however, is only about 2° in
terms of joint bending angle even when the settlement input is close to the
junction, posing no serious problems. When the service pipe is a polyethylene
pipe, the effects of the seismic input are less than those for a steel pipe.

iii) For fissure input (Cases 5 and 6)
In cases 5 and 6, where the main pipes are of welded type, the bending

moment at the service tee is approximately half the maximum allowable value.
in the case of settlement input, the values for polyethylene pipes are smaller

than those for steel pipes.

As
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Junction B from a larger-diameter pipeline

i) For settlement input (Case 7)

In case 7, where welded pipes branch from larger—diameter (6 inches or
more) main pipes connected with GM II1 (mechanical) joints, the force applied
onto the junction materials is not very great.

ii) For fissure input (Case 8)

In case 8, where welded pipes is connected to larger—diameter GM II-jointed
main pipes, a rotational behavior (13°) occurs at the service tee in the coun—
terclockwise direction. This is due to the absorption of movement mainly by the
junction and the closeness of the seismic input to the junction.

Through these analyses involving severe input conditions, it has been pos-
sible to analyze the response of welded small-diameter pipes with mechanical
joints to external forces. It maybe concluded that welded joints have no prob-
lems for use in place of flexible SGM-joints. Further studies will be made to
obtain higher seismic reliability and practical use of these newly developed
systems.

Moment « Torque ': kgecm

Table 3 Results of Analysis arial foroe . : g

CASE Juncticn S ervice clamp S arvice tae (Screv side) E lbow ( Tes side)
_N0'[  Input NAIN(service) Monment - Axial force . Torque | Moment - Axial force - Torgque | Moment « Axial force « Torgue
200 20 13 80 1 -4 20 10 3

|-

Selsaic |S G M (S6K)
wave 5,200 §10 540 2,040 10 -50 800 300 80

2 Welded  (SEK)
18,600 230 400 17,100 1,200 -600 4,600 150 -1,600
3 {Settlement{Welded (SGK) 2.0° 4.8°
A 14,900 180 680 13,500 1,000 -330 3,600 120 -1,820
4 Welded (PE) 0.9°
24,100 2,400 3,400 9,300 40 280 4,300 1,400 -440
5 | Fissure [Welded (S6X) 0. lm 0.4 0.6 =10.7am

15,300 1,700 2,500 5,800 15 520 3,300 110 -260
& Welded (PE) ~10.3s
5,100 10 500 5,300 280 =70 1,500 10 =720

B | 7 |Settlemant|GMIU(Walded)
31,200 1,000 11,400 7,800 15 -3.400 9,510 1,700 6

L 8 Fissure |GMII(Welded) 13° 4an
8] 30,000 3,000 10,000 20,000 7,500 -3,050 27,000 5,000 2,000
Critical value *2 5°
(370,000 15,000 50,000)

% 1 Critical value of joint perforsance (froa sxperimental data) Upper : Moarent , force
() is value of GMI service clamp Lower : Bahavior of joint (selected)

O 5 10cm
[

e A [} 10,000 k. cm
[ SO

Fig. 11 Case 5 Behavior (Fissure) Fig. 12 Case 5 X-Bending Moment (Fissure)
(Local coordinate: Ref. Fig. 1)
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