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ABSTRACT 
 

This paper presents earthquake damage surveys, experiments on seismic behavior, and a performance 
evaluation method using seismic calculation, for potable water mains lined with cured-in-place pipe (CIPP).  
CIPP is a trenchless technology that forms a new pipe within an existing pipeline for the purpose of renewal or 
corrosion prevention of aging pipes, and is used mostly in pipes with non-anti-seismic joints. 

Japan has suffered significant damage to potable water pipelines caused by frequent seismic activities. It is 
reported that most of the resulting damage was water leakage caused by pullout of those joints that didn’t have a 
separation preventing function, generally called non-anti-seismic joints.  

For this research, an earthquake damage survey was first conducted on potable water mains in which 
PALTEM HL liners had been installed in the past. The survey showed that there were no damage reports for 
these pipelines. CIPPs were, therefore, judged to potentially contribute to the seismic improvement of pipelines 
with non-anti-seismic joints. 

Next, physical experiments were conducted on pipe specimens lined with a fully-structural CIPP to verify 
seismic behavior. Even under loading conditions that reflected the past earthquakes with seismic intensities of 4 
or above on the Japan Metrological Agency’s (JMA) scaling, the CIPP protected host pipes from joint pullout, 
and the jointed pipelines exhibited behavior similar to a single, continuous pipe. The CIPP itself did not show 
any damage or leaks. 

In addition, to establish a methodology to evaluate the seismic performance of CIPP that is installed inside 
existing pipes, a calculation model and its parameters were selected based on the seismic behavior observed and 
data obtained in the previous experiments. After that, the performance criteria required for CIPP were selected 
and material tests were conducted to determine the allowable stress using the fully structural CIPP. 

This study has confirmed that CIPP improves seismic performance of old potable water pipelines and has 
enabled evaluation of seismic performance by seismic calculation in accordance with different site conditions.
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RESEARCH ON CIPP INSTALLED IN QUAKE-STRICKEN AREAS 
 

Ashimori Industry Co., Ltd., Osaka, Japan, has been providing and installing CIPP since 1980 under its 
technique brand name “PALTEM” and more than 90% of their works by length were performed in Japan 
including areas stricken by major earthquakes. In the 35+ years of PALTEM history, its products have 
experienced at least 6 major earthquakes with a seismic intensity of more than 6-upper on the rating system of the 
Japanese Meteorological Agency, not including aftershocks. However, there has been no report of leak or failure 
(at least not as a post-quake damage report) from stricken cities in which PALTEM HL (hose lining) liners were 
used. It should be noted that portions of PALTEM’s early stage liners are semi-structural and non-structural. 

Before this study project, we had already conducted post-quake research [3] on PALTEM CIPP installations 
after “The Great Hanshin Earthquake” which hit cities such as Osaka and Kobe in the mid-west portion of Japan 
in 1995. In one of the major cities in the region, the municipal water authority found no leak in water mains 
retrofitted with PALTEM CIPP, while about 1,000 defects were reported in the entire 4,000 km distribution 
network. In the same city, a gas distributor reported no leakage from their gas mains that were lined with 
PALTEM liners, and our own sewer inspection also confirmed no leaks. Similar results were confirmed in our 
research and inspection after “the 2011 Tohoku Earthquake”. 

Our research was extended for this study project and was focused on potable water mains. Cities, towns, 
boroughs and villages were selected in municipal areas that had been stricken by major earthquakes with the 
threshold of seismic intensity equal to 6-upper as it is the specified class for seismic resistance assessment of new 
water main installation in Japan. Some locations were further narrowed down to “district levels” if, in a 
municipal level, ground liquefaction was reported during earthquakes. 

Table 1 shows the result of crosschecking between official quake damage reports and Ashimori’s past 
installation records in the selected areas. About 6.7 km of PALTEM CIPP were installed in municipalities 
stricken by earthquakes of seismic intensity 6-upper or above. 30 km were installed in areas in which ground 
liquefaction was reported. No leak or failure was reported from these municipalities or areas. 
 

 
TABLE 1. CROSSCHECKING BETWEEN QUAKE REPORTS AND INSTALLATION RECORDS 

Dates Earthquakes Locations 
(Prefectures) 

Installation records (meter) 

Damage 
Status 

Seismic 
intensity 
൒ 6-upper

Ground liquefaction 
Reported 

Municipal level “District” 
level 

Jan/17/1995 Great Hanshin Hyogo 1,143 1,143 88 

No damage 

report 

Oct/06/2000 West Tottori Tottori - 161 TBC 

Oct/23/2004 Chuetsu Niigata 132 2,332 1,423 

Mar/25/2007 Noto Ishikawa 40 - - 

Jul/16/2007 Chuetsu Offshore Niigata 132 - - 

Mar/11/2011 Tohoku 

Miyagi 571 538 83 

Fukushima 125 152 TBC 

Ibaraki 4,547 4,678 TBC 

Chiba - 1,357 TBC 

Saitama - 2,465 TBC 

Tokyo - 4,278 TBC 

Kanagawa - 12,949 1,310 

Total 6,690 30,053 2,904  

TBC = to be confirmed 
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The joint in the pipeline specimen with CIPP installed did not show a displacement under an axial load that is 
twice the calculated earthquake load. The load that finally caused joint displacement was 400 kN which is 15 
times greater than the calculated earthquake load. The bonding strength of the curable resin was eliminated by 
the intervening nylon tube between the CIPP and the host pipes. In an actual CIPP watermain installation, a CIPP 
is typically strongly secured by bonding of epoxy resin inside the host pipe. 

The two tests showed that, under the conditions simulated, a jointed pipeline with CIPP installed behaves like 
a single, continuous pipe including the joint. From the observation that the joint pullout behavior under seismic 
motion was suppressed by CIPP, it can be said that the seismic performance has improved in comparison to a 
pipeline with a non-anti-seismic joint. In addition, the CIPP showed no structural defect even though it was 
exposed to a load that is 15 times greater than the calculated seismic load. Moreover, it maintained the design 
burst pressure of 5.0 MPa under a burst test that was performed after the loading test. Hence, the structural CIPP 
is assumed to satisfy the required seismic strength both during and after seismic loading. 
 
 
 
EVALUATION METHOD BASED ON SEISMIC CALCULATION 
 

The previous sections have shown CIPP’s capability of suppressing joint pull-out behavior and seismic 
strength performance, however, it is not enough to provide only a generalized seismic performance evaluation of 
CIPP. Site conditions need be reflected in a seismic calculation method to verify if a CIPP’s strength is fully 
satisfied under an earthquake. To evaluate the seismic strength of a CIPP installation, a method is presented 
below to compare the seismic strain acting on the CIPP and the CIPP’s allowable strain. 
 
Calculation of Strain Acting on CIPP 
 

The “Seismic Design and Construction Guidelines for Water Supply Facilities” of Japan Water Works 
Association (JWWA) [7] specifies a seismic design calculation method based on the response displacement 
method for welded steel pipes as a continuous pipeline. However, two issues need to be addressed before 
immediately using the specified equation. 

The first one is that CIPP is not directly buried underground and it lies within a jointed pipeline. When 
calculating strain that is generated on a CIPP, the joint displacement behavior under seismic motion needs to be 
reflected. To address this issue, the previously explained loading test proved that the jointed ductile iron pipeline 
with the CIPP installed behaved similarly to a single, continuous pipe. In other words, a ferrous pipeline jointed 
with old, non-anti-seismic joints but retrofitted with a CIPP can be considered as a continuous pipe with ferrous 
outer material. Hence, it is concluded that the above equation for seismic strength calculation of welded steel 
pipe is applicable in the case of a pipeline retrofitted with a fully structural CIPP. 

The second issue is lack of validity to apply the seismic strain that is calculated based on material 
characteristics of steel pipe for evaluation of CIPP, a plastic pipe. There is a great difference in the tensile elastic 
modulus of the two different pipe materials. To address this issue, the tensile elastic modulus of CIPP is 
employed so that seismic strain acting on the model pipeline is greater than that for the ferrous pipe to provide a 
conservative calculation. 

With these assumptions, JWWA’s seismic calculation method for welded steel pipe can be applied to CIPP in 
a jointed ferrous pipe with the characteristics of the plastic material being considered. 
 
Setting CIPP’s Allowable Strain 
 

Because a fully structural CIPP does not rely on the strength of the existing pipe, its allowable strain must be 
determined based only on the CIPP’s physical properties. To determine the allowable strain for seismic design 
calculations, earthquakes are classified into two levels, a Level-1 earthquake and a Level-2 earthquake, in 
accordance with the Japanese seismic design practice for water facilities [7]. 

A Level-1 earthquake is defined as an earthquake that likely occurs over the service period of a pipe, and it is 
generally estimated to be of a seismic intensity of 6-lower or less. A Level-2 earthquake is defined as an 
earthquake that barely occurs over the service period but could be catastrophic, and it is generally estimated to be 
of a seismic intensity of 6-upper or above. 

For Level-1 earthquakes, it is defined in the guideline that a requirement for seismic performance of CIPP is 
to satisfy “the limit state in which the dynamic property of CIPP material falls within the elastic range” [7]. 
Although ferrous materials generally have a clear yield point as a boundary between the elastic range and plastic  
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Figure 11. Setup of Level-2 cyclic strain test 

 
 

TABLE 4. RESULT OF LEVEL-2 CYCLIC TEST 

Strain 
applied 

(%) 

Test 
specimen 

Physical status 
after cyclic test 

(%) 

Tensile strength 
after cyclic test 

(MPa) 

1.20 

1 

No damage 
137 

(average) 
2 

3 

- Initial  value - 140 

 
 

For Level-2 earthquakes, the seismic resistance of CIPP is defined to satisfy “the limit state in which no 
water leak occurs even under partially plasticized status” [7]. Cyclic strain simulating a Level-2 seismic 
motion was applied to check the integrity of CIPP and determine allowable strain under Level-2 seismic 
motion. 

1.2 % strain was applied on flat test pieces at the frequency of 5 Hz for 500 repetitions. No damage such as 
rupture was found and, again, no reduction in strength was confirmed by a tensile test after the cyclic strain 
tests. The 1.2% strain maintains a safety factor of 1.5 to the breaking stress of this CIPP material. Figure 11 
shows the test setup and the results are shown in Table 4. 
 
An Example of a Seismic Design Calculation 
 

In this paper, a seismic design calculation method for CIPP has been theorized as follows. 
1) The equation used is the same as one for welded steel pipe since the presence of the CIPP integrates 

the host pipe’s jointed structure and the entire pipeline becomes as if a single-layer, continuous 
pipe. However, only the CIPP’s material properties are to plugged into calculation. 

2) The calculated strain is compared only to the allowable strain of the CIPP because, when the 
seismic performance of a full-structural CIPP is to be verified, material properties of host pipe 
should be ignored. 

The equation used employs the response displacement method which well reflects the response properties of 
the ground and enables the consideration of dynamic ground motion based on a static analysis of ground 
displacement and strain. A model calculation is presented below with ground conditions and other calculation 
variables chosen from JWWA’s Guideline [9] as shown in Figure 12. 

The tensile elastic modulus and the linear expansion coefficient of PALTEM’s fully structural CIPP are 
employed as the physical properties of CIPP. Figure 12 illustrates the model conditions and the calculation 
results are presented in Table 5. 

As the result of the model calculation, seismic strains are within the allowable strain of CIPP for both Level-1 
and Level-2 earthquake simulations. Under this condition setting, the CIPP satisfies the required seismic strength 
performance.  
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As the result of verification and evaluation conducted during this study, it can be stated that CIPP does 
strengthen old potable water mains against seismic damage. A seismic design calculation reflecting different site 
conditions is now possible and represents a way to evaluate the seismic performance of CIPP with clearer 
criteria. 

Future research is expected to include ground deformation status such as subsidence by broader verifications 
using both theoretical data to be obtained from experiments/analysis and actual data from past installation 
records. 
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