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ABSTRACT
, and pipelines by ASME
standards. For the particular case of non-radiographically-tested lap-welded joints, a low value of
welded lap joints in geohazard or seismic areas, where significant axial stresses and strains are
developed, as a result of ground movement. The paper discusses the joint efficiency concept,
mainly in relation with the corresponding failure mode of the pipeline, based on recent
values for lap-welded joints is demonstrated. Furthermore, based on experimental
evidence, it is shown that lap welded joints can sustain significant deformation, without loss of
pressure containment. The conclusions from this paper support the argument that lap welded
joints constitute a simple, efficient, and economical solution for pipeline joints in seismic areas.
1 INTRODUCTION
The concept of joint efficiency was introduced by ASME code in the 1930s (American
Standards Association, 1935), and later adopted by API standards dealing with pressure
containment structures that typically operate at high pressures and/or temperatures. Joint
e
over the
. This factor is also a way to introduce safety factors in
design of welded shell structures for pressure containment. In the ASME or API codes, joint
efficiency values in welded connections under tension depend on: (a) the type of welded joint
(e.g. full-penetration butt-weld, single or double fillet lap weld etc.), (b) the extent of nondestructive examination or testing required for the weld under consideration and (c) the location
or orientation of the joint. For a more extensive historical development of the joint efficiency
factor in ASME codes and standards the reader is referred to the recent publication by Rosenfield
(2012) .
The AWWA M11 Design Manual for steel welded pipelines for water transmission does not
, Table UW-12 from ASME B&PV Code
part VIII, Division 1, specifies joint efficiency values for welded lap joints equal to only 55%
and 45% for non-radiographically-tested double-welded and single-welded joints respectively
(see also Table 1 of the present paper). Because of those low values, some engineers argue that
those joints may not be suitable for use in geohazard (seismic) areas. When subjected to groundinduced actions, the pipeline exhibits significant longitudinal (axial) stresses and strains, which
affect directly the pipeline circumferential welds. By consequence, according to that argument,
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Based on the above discussion, it is necessary to perform tests on larger diameter pressurized
pipes, containing lap welded joints, so that both strength and deformation capacity of lap welded
double-welded or single-welded lap joints stated in ASME VIII are unreasonably low and
penalize unnecessarily the design of those joints.
5.2 Axial compression
This type of loading is associated with the development of uniform compressive stress/strain,
which results in local buckling of the pipe at the joint area, a shell-type of buckling. Under zero
or low levels of pressure, the buckling pattern is non-axisymmetric, reminiscent of diamondshape buckling, whereas for higher level of pressure, the buckling shape is characterized by an
axisymmetric bulge at the lap joint bell.
There exist limited experimental data on the axial response of welded lap joints. Full-scale
compression tests on 77.625-inch-diameter pipes have been reported by Smith (2006). The
specimen contained a serious of joints (butt, single lap, single lap with large gap, modified bell,
double weld gap and reinforced bell), and it was compressed in the absence of internal pressure
has been
detected.
The compression tests by Tutuncu (2001) and Mason (2006), also summarized by Mason et
al. (2010b) are the only source of information available. Three of those tests refer to specimens
with diameter size 32 in and 36 in, and diameter-to-thickness ratio ranging between 144 and 255.
The strength of the specimens, associated with the buckling strength of the lap joint was found to
range between 43% and 66% of the axial compressive strength of the plain pipe (which was
computed numerically through finite element analysis). Due to the eccentricity of the bell,
buckling has occurred at that area. Upon buckling, the specimens continue to deform in
compression, with decreasing axial force, while the deformation localizes at the joint region.
However, the tested specimens were not internally pressurized, and no information has been
provided regarding possible weld fracture at the post-weld regime.
In summary, the above test results indicate that:
(a) The joint strength under compressive loading ranges between 43%-66% of the
compressive (buckling) strength of the pipe cylinder.
(b) Joint failure (rupture) may occur far from this local buckling stage, and depends on the
local strains at the buckled area.
Therefore, in the case of axial compression, joint strength may not be related to joint
on the joint capacity to sustain the local strains developed at the buckled area. To determine
appropriate deformation limits for axially compressed pipelines with lap welded joints, a series
of dedicated tests on pressurized lap welded joint specimens is required.
5.3 Bending loading
Longitudinal bending causes both tension an
of the bent pipe respectively. Therefore, the issues discussed above for pure axial compression
and tension are both applicable in the bending case. Structural instability occurs at the
compression zone in the form of a local buckle, whereas large tensile strains developed at the
tension side, which may lead to weld fracture and immediate loss of containment.
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Experiments on lap welded steel pipe joints have been recently reported by Keil et al. (2018),
supported by numerical simulations (Chatzopoulou et al., 2018). The tests refer to pipes with
diameter-to-thickness ratio equal to 190 and 103, pressurized to 40% of the yield pressure. The
magnitude of tensile strains may be significantly increased after buckling of the compressive
zone occurs, due to localization of deformation. In the absence of internal pressure, or under low
pressure levels, buckling has a nonbuckle observed under axial compression, whereas beyond a certain pressure level, the buckling
shape is characterized by an outward bulge at the compression zone.
bending moment that the joint can sustain over the maximum bending moment sustained by the
pipe cylinder. This ratio for the case of pipe specimens with D t ratio equal to 192, has been
measured equal to 81%, and this has been verified by numerical analyses. On the other hand, it is
important to notice that the maximum bending moment occurs at relatively low values of
bending deformation and that, upon buckling, the pipe specimens were capable of sustaining
significant deformation without loss of pressure containment, as shown in Figure 2. Pressurized
lap-welded pipe joint specimens, subjected to bending; (a) post-buckling configuration during
testing; (b) shape of buckle. Furthermore, during the tests, high values of local strain have been
measured that exceeded 3%, indicating a very good performance of the welded joint. It should
also be noticed that the corresponding strain gages have a certain distance from the weld toe, for
practical instrumentation reasons, so that local strains at the immediate vicinity of the weld toe
are expected to be significantly higher.
Summarizing the conclusions from the above experiments, the results have indicated that
(a) The joint strength under bending loading is approximately 81% of the bending strength of
the pipe cylinder, associated with local buckling at the compression zone.
(b) Joint failure (rupture) may occur far beyond from this buckling stage, and depends on the
local strains developed at the buckled area.
Currently, deformation limits for steel lap-welded pipelines are being developed, for the
purpose of being included in the new ASCE MoP for seismic design of buried pipelines. The
results from the above experiments and the corresponding numerical simulations can contribute
to the development of reliable limits for welded lap joints.
6 SUMMARY AND CONCLUSIONS
pipe joints in a simple manner, in conjunction with the seismic design and behavior of steel
water pipelines. Following a review of some basic concepts, and a critical discussion of relevant
provisions in AWWA M11 and ASME codes, the behavior of lap joints under severe loading
conditions is presented in detail, with reference to observations from physical tests and numerical
simulations reported elsewhere. In addition, a critical evaluation of joint efficiency calculations
has been presented, demonstrating the inadequacy of those approaches in providing a reliable
value of joint efficiency. Based on the above extensive discussion, the following important issues
should be underlined:
The joint efficiency concept is not employed by AWWA M11 design manual.
The low values of joint efficiency in ASME VIII Div.1 are not justified. Furthermore,
they refer to pressure vessel design, and may not be directly applicable to pipeline design.
AWWA and ASME standards use different design methods for different applications.
Mixing and matching these methods together is neither recommended nor proper design.
© ASCE
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This may create a final design that is unpredictable, and unreliable, leading perhaps to
either overtly conservative or possibly unsafe design.
For the case of seismic design, it is necessary to re-

ults in
the case of compressive loading (axial compression or bending) the joint is capable of
sustaining significant post-buckling deformation without loss of containment.

Figure 2. Pressurized lap-welded pipe joint specimens, subjected to bending; (a) postbuckling configuration during testing; (b) shape of buckle.
Finally, it is important to note that an experimental program is underway, for the purpose of
determining the mechanical behavior, resistance and deformation capacity of lap-welded steel
pipe joints subjected to extreme structural loads in the presence of internal pressure. Completion
of those tests, a more
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