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ABSTRACT 
Large abrupt fault offsets have potential to cause severe pipe damages and disrupt the water service for a long period of 
time. With more than 20 identified active surface faults within the Los Angeles city boundary, this threat is inevitable and 
creates a significant challenge to design the water pipelines crossing the fault zones. This paper presents the seismic 
design of a critical 1350 mm diameter (54 inch) water transmission pipe crossing multiple strands of the San Fernando 
Fault zone, which ruptured during the 1971 San Fernando earthquake. The design level fault displacement of 3 meters is 
estimated based on a determistic fault displacement hazard evaluation and the water service seismic performance 
requirements. The uncertainty of the design fault offset was incorporated by considering the complex geologic and 
geomorphic characteristics of individual fault strands, multiple rupture scenario earthquakes, models of slip distribution 
among multiple strands, , as well as the 1971 rupture pattern. Earthquake Resistant Ductile Iron Pipe (ERDIP) is 
selected to accommodate the large fault offset considering its joint flexibility in terms of expansion, contraction and 
deflection. The performance of the ERDIP under the design fault offset is verified by three-dimensional FEM analysis. 
The geometric and material nonlinearities due to the large ground deformation are simulated with the joint spring and soil 
spring model. The physical properties of soil spring for both sand-cement slurry and sand backfill is calibrated by full 
scale pipe pull out testing. The analysis indicates that the proposed pipe design meets the allowable axial force and 
deflection angle of the joint under the design fault displacement. 
 
 
 
1 INTRODUCTION 
 
Buried pipelines have sustained significant damage in 
past earthquakes, either due to transient motion 
associated with wave propagation or permanent ground 
deformations, such as surface fault ruptures, landslides, 
subsidence settlements, and liquefaction-induced lateral 
spreading (O’Rourke, 2003). Among these, the fault 
rupture hazard is considered as one of the most severe 
as such abrupt ground deformations may cause 
excessive axial and bending stains in the pipe wall and 
lead to failure.  
  

With more than twenty identified active faults reaching 
the ground surface within the City of Los Angeles area, 
the fault rupture hazard is one of the biggest threats to the 
integrity of the Los Angeles water pipeline network. Los 
Angeles Department of Water and Power (LADWP), 
owner and operator of the Los Angeles water system, is 
replacing the existing trunk line along the Foothill 
Boulevard with a new 54-inch diameter pipe that is 
designed to be more resistant to earthquake hazards. The 
proposed Foothill Trunk Line Unit 3 project (FTL) is 
located in the northeastern San Fernando Valley for a 
total distance of about 5 km (Figure 1). The FTL crosses a 
complex zone of faulting that includes strands that 
ruptured in the 1971 San Fernando earthquake and 
damaged the pre-existing pipeline. This paper presents 
results of a detailed study quantifying the characteristics 

of the complex San Fernando fault zone and provides the 
design level fault displacement at various crossing 
locations considering 1971 surface rupture, estimated 
fault displacement based on several scenario 
earthquakes and the seismic performance goal of the 
pipeline design. The pipeline performance subjected to 
the design fault displacement is evaluated by 3-D 
nonlinear finite element analysis and the results are then 
presented.  

 
 

 
Figure 1. Location of Foothill Trunk Line in blue and 1971 
earthquake surface rupture and section names in red.  
 
2 FAULT DISPLACEMENT CHARACTERIZATION 
 
The San Fernando fault is a north-dipping reverse fault 
that extends approximately 19 km west from the Sierra 



 

Madre fault at Big Tujunga Canyon, and across the 
northern San Fernando Valley (Figure 1). The fault 
produced the 1971 moment magnitude (Mw) 6.7 San 
Fernando earthquake and associated surface rupture. 
The FTL crosses strands of the San Fernando fault at 
multiple locations along Foothill Boulevard. This section 
discusses the 1971 earthquake, the fault zone 
characteristics, and the estimated design fault rupture 
displacement. 
 
2.1 1971 San Fernando Earthquake and Surface Rupture 
 
The San Fernando earthquake occurred on February 9, 
1971 producing surface rupture on the San Fernando fault 
that extended between Big Tujunga Wash on the east to 
near Van Norman Reservoir on the west (Figure 1). The 
epicenter was located about 13 km northeast of the FTL 
(Hutton et al., 2010) with a focal mechanism indicating an 
almost purely dip-slip reverse sense of slip (Mori et al., 
1995).  

Mori et al. (1995) imaged the fault plane by relocating 
aftershocks of the 1971 earthquake. Their results suggest 
a single fault plane extending from 0 to 15 km depth and 
dipping approximately 40° north. Carena and Suppe 
(2002) also imaged the rupture surface of the 1971 
earthquake using aftershock clustering methods and their 
interpretation reflects a fault surface dipping 
approximately 38° north and extending from 0 to 13 km 
depth. 

As shown in Figure 1, the San Fernando fault rupture 
included four distinct sections based on surface rupture 
characteristics of the 1971 earthquake. These sections 
are, from west to east, the Mission Wells, Sylmar, 
Tujunga, and Lakeview sections. All or portions of each of 
the sections displayed primary surface rupture during the 
1971 earthquake (Barrows et al., 1975) with secondary 
ruptures noted throughout the northern San Fernando 
Valley and surrounding mountain ranges (Oakeshott, 
1975). The Mission Wells and Sylmar sections displayed 
primarily left-lateral displacement with a lesser reverse 
component, while the Tujunga and Lakeview sections 
displayed dominant vertical displacement (Sharp, 1975). 

The FTL was originally constructed in early 1930s and 
crosses the Sylmar and Tujunga sections of the fault. 
These two sections experienced the greatest total 
displacement produced by the 1971 earthquake, severely 
damaging the FTL. On 1:24,000 scale maps, the FTL 
crosses the Tujunga section of the fault near the 
intersection of Foothill Boulevard and Vaughn Street, 
where a total displacement of 1.5 m was measured 
across a width of 30 m and a fault dipping 43º northeast 
(Sharp, 1975). The horizontal-to-vertical slip ratio was 
1.1:1 at this location, where the rupture trace changes 
strike by nearly 90 degrees. 

The FTL pipeline crosses the Sylmar section of the 
1971 rupture trace near the intersection of Foothill 
Boulevard and Harding Street where Sharp (1975) 
measured a total displacement (i.e., slip vector) of 2.0 m. 
The displacement appears to have been measured on a 
73º north dipping fault and across a very narrow zone 
based on the distance between measured features 
recorded by Sharp (1975). At Adelphia Avenue to the 

west, Sharp (1975) measured a total displacement of 2.5 
m across the rupture, which represents the greatest total 
coseismic surface displacements observed in the 1971 
earthquake. Displacement at Adelphia Avenue was 
measured across a vertical fault and over a width of 50 m 
and exhibited an oblique left-lateral horizontal-to-vertical 
slip ratio of 1.4:1. 

 
2.2 Fault Crossing Locations 

 
The FTL crosses a complex zone of faulting that 

includes strands that ruptured in the 1971 San Fernando 
earthquake, as shown in Figure 2. The entire set of 
locations shown in Figure 2 can be grouped into three 
areas spatially associated with the Hubbard Hills, 
Pacoima Wash, and the CA-118/I-210 Interchange (or 
simply, Interchange). These locations represent faults or 
geomorphic features. A subset of these locations (A, E, J, 
L, M, N, and O) are fault crossings located along Foothill 
Boulevard and the FTL. The three crossings of the 1971 
rupture are shown on Figure 2 as Locations J, N, and O. 
The FTL also crosses other geomorphically expressed 
faults in this area that did not rupture or that produced 
only minor surface cracks in 1971, such as those faults 
defined by Locations A-B-C and D-E-F-G (Figure 2). 
Given that the pattern of 1971 surface fault rupture does 
not coincide with all geomorphically expressed faults, it 
strongly implies that future surface ruptures in the vicinity 
of the proposed FTL may involve these strands north of 
the main 1971 rupture.  
       
 

 
 

Figure 2. Map of complex zone of faults crossed by FTL 
(blue). Red faults represent 1971 rupture and black faults 
represent additional fault strands interpreted to intersect 
pipeline at locations A, E, J, L, M, N, and O (LCI, 2015a). 
Also shown are fault hazard zones (yellow polygons), 
which capture uncertainty in fault location and likely zone 
of secondary deformation, and selected pipeline 
stationing (feet). 
  

 



 

The fault crossing locations are determined largely on 
1:2,400 scale, stereo-paired photographs that were taken 
on February 12, 1971, three days following the 
earthquake (LCI, 2015b). The photographs include the 
original, hand-drawn, ink and color pencil interpretations 
of the faulting and ground cracking by personnel of the 
California Geological Survey, formerly Division of Mines 
and Geology (CDMG).   

 This process compiles all data in GIS and allows for a 
direct comparison of the ruptures visible in the detailed 
1971 photos with the stationing for the proposed FTL 
replacement. The 1971 earthquake produced significant 
fault rupture at Locations J and N/O (Figure 2) and the 
1:2,400-scale photos provide the most detailed depiction 
of the surface rupture. For Location E, which did not 
experience through-going rupture in 1971, geomorphic 
analysis of historic topographic maps and modern lidar 
were used to help constrain the location of faulting in the 
vicinity of Location E. The uncertainty in the location of 
faults at Location E is significantly greater than Locations 
J and N/O. 

The primary fault strand at Location J is somewhere 
between Stations 41+80 and 42+40. No clearly defined 
structure crosses Foothill Boulevard at this location, and 
the asphalt patch prevents tracing this strand into the 
proposed FTL alignment near centerline of the road. 
Additionally, a 40-meter-wide zone of minor, secondary 
extensional faults and cracks is located between Stations 
38+00 and 40+00.  

At Location N/O the 1971 rupture does not intersect 
the proposed FTL alignment. Between Stations 93+00 
and 99+00, the 1971 fault rupture trace lies east of the 
alignment at distances ranging from about 6 to 30 meter. 
The surface trace of the 1971 rupture approaches within 6 
meter of the alignment near Station 96+50.  

The fault at the crossing location E is defined primarily 
by geomorphology and did not experience primary fault 
rupture in 1971. The primary fault associated with 
prominent geomorphology appears to cross the proposed 
FTL between Stations 23+00 and 24+00, and a 
secondary fault may be located between Stations 26+00 
and 27+00. 

The combined spatial error or uncertainty in the 
georeferencing of 1971 air photos, digitization of the 
original, hand-drawn fault and crack interpretations by 
CDMG personnel, and georeferencing the trunk line 
design drawings is likely on the order of 3 meter or less in 
all areas associated with good ground control point 
density. 

 
2.3 Design Fault Displacement Based on Deterministic 

Analysis 
 
Fault displacement characteristic can be evaluated 
deterministically or probabilistically. In this study the 
design level fault rupture displacement is determined 
using deterministic approach with  the uniform confidence 
level concept. This section discusses and compares the 
displacements observed in the 1971 earthquake, 
estimated based on scenario earthquakes and uniform 
confidence level approach for water pipes.  

Seven deterministic earthquake scenarios were 
considered to evaluate the potential fault surface rupture 
displacement for the design. These seven earthquake 
scenarios include a repeat of the 1971 rupture and six 
scenarios that include re-rupture of portions of the San 
Fernando (SF) fault in combination with either the Santa 
Susana (SS), Mission Hills (MH), and/or Northridge Hills 
(NH) faults to the west and the Sierra Madre (SM) and 
Cucamonga (C) faults to the east. These scenarios do not 
represent all possible future ruptures, but provide a 
representative sampling of potential future earthquakes 
that may rupture across the FTL alignment. UCERF3 
(Field, et al., 2013) fault section characteristics are used 
to construct earthquake scenarios and determine the 
rupture area and corresponding magnitude for each 
scenario earthquake.  Displacements are then obtained 
by using the Wells and Coppersmith (1994) all-slip type 
displacement-magnitude relations. The median values for 
average displacement (rounded to the nearest 0.1 m) for 
each scenario are provided in Table 1. Seven earthquake 
scenarios range in magnitude from Mw 6.6 to 7.6 and 
produce average displacements of 0.6 to 2.8 m. 

 
Table 1. Earthquake scenarios and estimated fault 
average displacement (AD). Faults considered in rupture 
scenarios include the San Fernando (SF), San Fernando 
East (SFE), Northridge Hills (NH), Mission Hills (MH), 
Santa Susana (SS), Santa Susana East (SSE), Sierra 
Madre (SM), and Cucamonga (C). 
 

Scenarios Length 
(km) 

Rupture 
Area 
(km2) 

Magnitude 
(Mw) 

AD 
(m) 

Scenarios 1 
(SF) 

19.4 357 6.6 0.6 

Scenario 2  
(NH+MH+SF) 

40.6 897 7.1 1.3 

Scenario 3  
(SF+SM) 

22 44 7.3 1.7 

Scenario 4  
(SF+SM+C) 

15 18 7.5 2.4 

Scenario 5  
(SS+SSE+SFE) 

35 8 7.1 1.3 

Scenario 6  
(SS+SSE+SFE+SM) 

45 44 7.5 2.4 

Scenario 7  
(SS+SSE+SFE+SM+C) 

20 48 7.6 2.8 

 
 

As discussed in the previous sections, the coseismic 
surface displacement measurement from the 1971 
earthquake were reported by several authors, including 
Kamb et al. (1971), Barrows et al. (1975), and Sharp et al. 
(1975). A maximum displacement of 2.5 m was measured 
by Sharp et al. (1975) at two locations west of Foothill 
Boulevard corresponding to the two peaks in the slip 
distribution curve. The average and maximum 
displacements calculated from empirical relations of about 
0.6 m and 0.9 m for the magnitude of 6.7, respectively, 
suggest that the 1971 earthquake produced unusually 
large displacements for its magnitude.  



 

Davis (2008) proposed an approach to assessing fault 
displacement and other geotechnical hazards with a 
uniform confidence level, which considers the pipe 
function class, earthquake recurrence interval, and time 
elapsed since the last event, to develop a factor by which 
to increase the empirical average displacement estimate 
from Wells and Coppersmith (1994) from a characteristic 
or maximum earthquake. This approach was applied to 
each of the seven scenarios in Table 1. Based on an 
“essential” pipe function classification for the FTL, this 
approach yields displacements ranging from 1.4 m to 4.2 
m in events ranging in size from Mw 6.6 to Mw 7.6. The 
critical facilities at LADWP are usually designed using 2% 
in 50-year (2475 Year return period) earthquake ground 
motions. Along the Foothill Trunk Line alignment, the 2% 
in 50-year ground motion results from a scenario 
earthquake with modal magnitude of 6.75 (USGS, 2008). 
Considering the return period of earthquake rupture 
scenarios reported in Table 1, it is reasonable to use the 
earthquake rupture scenarios with magnitude up to 7.1 to 
estimate the fault displacement based on Wells and 
Coppersmith (1994). The corresponding design 
displacement is about 3.0 m using this approach. 

Combining the observation of the 1971 fault rupture, 
empirically derived displacement from scenario 
earthquakes, and the uniform confidence assessment, a 3 
m of total fault displacement is recommended for the 
design of the pipeline at the main fault crossing locations 
E, J, N and O. At crossing J, the slip vector azimuth is 
estimated at S78

0
W with the H:V slip ratio is 1.4:1, 

whereas the slip vector azimuth is estimated S45
0
W at all 

other crossings with a slip ratio of approximately 1:1.  
 
 
3 EARTHQUAKE RESISTANT DUCTILE IRON PIPE 
 
The Earthquake Resistant Ductile Iron Pipe (ERDIP) was 
selected for the FTL project to accommodate the design 
fault rupture displacement. The ERDIP is designed, 
manufactured and used in Japan to reduce  water pipeline 
damage due to the seismic events. ERDIP is designed for 
flexibility by accommodating up to one percent strain and 
allowing rotation between 6 to 8 degrees, depending on 
pipe diameter, at each pipe joint to relieve earthquake 
induced forces. The joints are designed to lock after the 
one percent axial strain is accumulated in tension or 
compression, keeping them from pulling apart. When 
subjected to large ground movements (i.e., liquefaction 
induced lateral spreading, fault offset, landslides, etc.) the 
ERDIP behaves in a similar manner to pulling a loose 
linked chain to accommodate ground movements without 
pipe damage. Joint leaks are prevented by using 
traditional gasket materials. The technology has been 
incorporated into the buried water infrastructure in Japan 
over the past forty years. During the 1995 Kobe 
earthquake, 2004 and 2007 Niigata earthquakes, 2011 
Great East Japan magnitude 9.0 earthquake, and many 
other earthquakes, the pipe has repeatedly proven 100% 
effective with no documented damages or leaks 
(Miyajima. M., 2013; Kobuchi, K. and N. Fujita, 2013), 
even after suffering several meters of movement. 

LADWP imported ERDIP technology into US in 2011 
through the pilot project for small size distribution mains 
(Davis et al., 2013). The FTL will be the first large 
diameter ERDIP designed and implemented for fault 
crossing outside of Japan.  

Figure 3 illustrates the behavior of ERDIP pipeline 
during ground displacement. When the blue circled pipe 
joint is fully expanded, it pulls on the adjacent pipe 
segment and joint to absorb the ground displacement (top 
figure). When the adjacent joint is fully expanded, it pulls 
the next adjacent pipe (bottom figure). As for joint 
deflection, similar behavior is provided. Given this 
behavior, ERDIP is referred to as a chain structure 
pipeline. 
 
 

 
Figure 3. Behavior of ERDIP subjected to ground 
deformation 
 
 
      If axial forces generated at the joints by fault 
displacement exceed the joint pull out resistance of 3DkN, 
then the design must be modified to reduce the axial 
forces. Figure 4 shows large displacement adsorption 
pipeline system (LDAPS) proposed by Kubota Corp 
(2016). LDAPS consists of ERDIP pipes and LDAPS 
units. The unit consists of a long-body collar, ERDIP 
socket piece and ERDIP spigot piece. The long-body 
collar has about 10 times the expansion/contraction 
amount of a regular ERDIP joint (e.g., 800 mm in the case 
of DN1350), but the deflection angle is less than regular 
ERDIP joint. However, the length of the unit is equal to or 
less than the pipe length in order to secure the deflection 
performance by the joint of socket piece and spigot piece. 
Therefore, the unit can efficiently absorb any locally large 
relative displacement between the ground and the 
pipeline. Also, the pipeline design and installation are the 
same as ERDIP pipeline because no specialized pipes or 
fittings are required. 

 

 
Figure 4. Large displacement absorption pipeline system 
(LDAPS) 



 

 
 
4 FEM ANALYSIS FOR FAULT CROSSING  
 
The design and performance of the FTL crossing of the 
fault is evaluated using FEM modeling. The criteria to 
ensure pipe performance without leakage are defined as 
follows: 

- Axial force should be less than 3DkN which is 
about 4,050 kN for the ERDIP model DN1350 
with pipe diameter of 1350 mm (54 inch)  

- Joint deflection angle should be less than 
allowable deflection angle of 6.5 degree 

- Pipe body stress should be less than proof 
stress of 270 MPa 

FEM analysis is conducted to determine the required 
pipe length and span of LDAPS units at each fault 
crossing location. The analysis is performed using 
MSC.Marc FEA software. 
 
4.1 Analysis Model 
 
The pipeline model is based on a DN1350 S-type ERDIP 
without fittings such as bends and tees. The pipe and soil 
interaction was modeled using ground spring and pipe 
joint spring as illustrated in Figure 5. The ductile iron 
pipeline is modeled by three-dimensional shell elements 
as elastic-plastic material with elastic modulus of 
160,000MPa and Poisson ratio of 0.28. The geometric 
and material nonlinearities is implemented in MSC.Marc 
to evaluate the large deformation experienced by the 
pipeline. The location of the fault displacement is set 
where the fault plane crossed the joint because it is the 
worst-case scenario for the pipeline. The model of the 
FEM analysis is 200 m pipeline length for fault crossing 
“J”, and 300m for fault crossings “N” and “O”. An analysis 
was also performed by placing the fault at mid-way 
through a pipe segment to confirm capability of resisting 
the bending stress.  
  
 

 
Figure 5. Analysis model using ground spring and joint 
spring to simulate soil and pipe interaction  
 
 
4.1.1 Modeling of Soil-Pipe Interaction 

 
The soil pipe interactions were modeled by joint springs 
and soil springs. There are two conditions for backfill with 
slurry and sand. The friction force between the pipe and 

slurry is determined from the results of a pulling test in a 
sand box. The friction force between the pipe and sand is 
determined assuming friction coefficient of 0.3 between 
the pipe and sand.  

Figure 6 shows characteristics of soil ground spring 
condition. Each axial and orthogonal direction of ground 
spring was defined as bi-linear model with subgrade 
reaction modulus. The axial spring represents the 
frictional interaction between the pipe and surrounding 
soil and is evaluated according to the guidelines of Japan 
Ductile Iron Association (JDPA, 2010). The orthogonal 
spring represents the transverse interaction between the 
soil and pipe and the stiffness is evaluated based on the 
subgrade reaction modulus. The soil spring parameters 
used in FEM analysis are listed in Table 2. The relative 

displacement of δ1 and δt1 is specified at 0.002m based on 
experimental data (Kubota Corp, 2016). The input 
displacements are applied at the springs as boundary 
conditions to simulate the fault rupture displacement.  

 
 

 
Figure 6. Soil spring model 
 
 

Table 2. Equivalent soil spring parameter of backfills. 
 

Backfill Axial Orthogonal 
K1 

(kN/m) 
K2 (kN/m) Kt1 

(kN/m) 
Kt2 

(kN/m) 

Slurry 4.62x10
4
 0.001xK1 4.74x10

4
 0.005xK1 

Sand 2.67x10
4
 0.001xK1 4.74x10

4
 0.005xK1 

 
 
4.1.2 Modeling of pipe joints 

 
The joint springs as illustrated in Figure 7 are defined 

based on the results of actual joint reflection testing 
(Kubota, 2016). Table 3 summarizes the parameters of 
the joint spring. The selected axial-direction spring has a 
binary reaction. The joint can slide under a small force 

when the relative displacement is less than δa because 
the only resistance is the friction between the pipe and the 

rubber gasket. When the displacement is greater than δa, 
the locking system of the joint is activated and sliding is 
hindered. The rotation spring also has binary reaction. 
The joint can be deflected by a small amount when the 

joint deflection angle is less than θa because the spigot is 
not touching the socket inside. Once the spigot contacts 
the socket, the resistance to rotation is increased with the 
maximum deflection angle of 6.5 degree. The orthogonal 
direction spring is modeled with constant spring 
parameter of 20,000 kN/mm.  



 

 
 

 
Figure 7. Joint Spring 

 
The springs were applied to the pipe shell element at 

each socket and spigot node with three directions (axial, 
normal, and tangential), which coincide with the joint 
spring model.  
 
 
Table 3. Equivalent joint spring parameter. 
 

Joint Rotation Axial 
Kra 

(kN-
m/deg) 

Krb  

(kN-
m/deg) 

θa Ka 

(kN/mm) 
Kb 

(kN/mm) 
δa 

(mm) 

Pipe 152 641 4.8 0.82 344 78.5 
LDAPS 152 641 1.0 0.82 344 300 

Note: Orthogonal direction spring Ks=20,000 kN/mm for both pipe and 
LADPS 

 
 

4.2 Analysis Result 
 
Both slurry and sand backfill were simulated by FEM as 
design alternatives. Only the results for slurry backfill are 
reported here since this is the final design alternative 
selected. The analysis was conducted in two steps. The 
first step was to evaluate the pipe performance using the 
standard segment lengths. If the standard design cannot 
meet the set criteria, the second step was to conducted 
with special designed LDAPS units or collars.  
 
4.2.1 Results at Fault Crossing “J” 
 
In the slurry backfill, the standard pipeline is capable of 
absorbing up to 1.8m fault displacement by joint 
expansion/contraction and deflection. The axial force will 
be greater than 3DkN for any fault displacement 
exceeding 1.8m; also the stress of pipe body exceeded 
the performance limit. As a countermeasure against the 
displacement in excess of 1.8m, the LDAPS with the span 
of 42m was selected to accommodate the axial-direction 
local displacement of 3m or more. Table 4 shows the 
analysis result. The span length of 42m is selected that 
the deflection angle is equal or less than the threshold 
value. The maximum axial force occurred at the joint 
located at the point of the fault displacement. The range 
of the expanded joint reduced to 60m since the units 
absorbed the locally large axial displacement. 
Consequently, the reduced friction between the ground 
and the pipeline significantly reduced axial forces 
compared to the case of the regular ERDIP pipeline.  

 
 

 
Table 4. FEM analysis results at Location J and N&O. 
 

Location Joint Pipe 
body 

Allowable 
fault 

rupture 
(m) 

Axial 
(kN) 

Deflection Stress 
(MPa) 

J 3,397 5.11 210 3.6 
N & O 452 12.4 (2 joint) 

6.2 (1 joint) 
188 >3.0 

Criteria ≤4,050 ≤6.5 ≤270 ≥3.0 

 
 
Based on the analysis result, at fault “J”, it was 

recommended to install two LADPS units near Station 
41+60 and Station 42+60, respectively. Outside Stations 
41+60 and 42+60, the pipeline can be designed without 
special consideration as long as the fault rupture 
displacement is less than 1.8 meters.  
 
4.2.2 Results at Fault Crossings “N” and “O” 
 
At location “N” and “O”, the design fault displacement of 
3m is perpendicular to the pipeline alignment.  The 
regular ERDIP pipeline only can accommodate up to 1.4m 
fault displacement based on the FEM analysis. As a 
countermeasure against displacement in excess of 1.4m, 
the design alternative is to use double spigot pipes and 
collars with increased rotation capacity.  

The analysis was conducted at only fault “O” location 
since the case is symmetric. The pipeline is composed of 
collars and 4.7m length double spigot pipes to increase 
the capacity of joint deflection angle up to 13.0 degree. 
Table 4 lists the analysis result at this location. Between 
station 95+40 and 96+60, maximum fault surface rupture 
displacement of 3m may occur anywhere between these 
stations. Between station 92+70 and 95+40 and station 
96+90 to 99+00, fault rupture displacement may not cross 
over the pipeline and geofoam material will be installed in 
the pipe trench as precautionary measure to diffuse fault 
movement toward the pipeline. The design 
recommendation is to have two collar joints located 
outside of the fault rupture zone. 
 
 
5 CONCLUSION 
 
Based on the review of previous maps, reports, and 
publications, and the assessment of the 1971 surface 
rupture, the fault crossing locations and design fault 
displacement were identified for the proposed Foothill 
Trunk Line along Foothill Boulevard. The Finite Element 
Method analysis demonstrates that S-type Earthquake 
Resistant Ductile Iron Pipe can absorb up to 1.8 m fault 
displacement by the joint expansion/contraction and 
deflection. As a countermeasure for 1.8 m or more fault 
displacement, LDAPS can be used effectively to 
accommodate axial direction movement and maintain the 
pipe body stress within elastic range. At the location with 
near 90-degree fault offset, double spigot ERDIP with 
short collar can be utilized to provide the larger rotation 
capacity. 
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