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Introduction 
 
The 4 and 5 July 2019 earthquakes (M6.4 and M7.1) occurred respectively 

northeast and north of the city of Ridgecrest, California (also known as the 

Searles Valley earthquake sequence).  The M7.1 event was the most powerful 

earthquake in California since the M7.1 Hector Mine earthquake of 1999. 

 

The earthquakes caused significant damage (major shifting or falling to ground) 

to about 35 mobile (manufactured3) homes in mobile home parks (MHPs) located 

in Ridgecrest. This report documents and interprets the damage.  

 

The reconnaissance is pursuant to the Earthquake Engineering Research 

Institute (EERI) Learning from Earthquakes (LFE) effort having the mission of 

documenting valuable earthquake observations.  This report is available from the 

2019 Seales Valley earthquake information clearinghouse at:  

http://learningfromearthquakes.org/2019-07-04-searles-valley/ 

 

 
 
 
 

                                                 
1 Consulting Engineer and Member of Earthquake Engineering Research Institute 
(M.EERI), El Cerrito CA 94530, maison@netscape.com 
2 District Representative, California Department of Housing and Community 
Development (HCD), Riverside CA 92501, Robert.Martinez@hcd.ca.gov 
3 Mobile home is the original common name given to this type of housing, but those built 
after 1975 are legally referred to as manufactured homes. The terms mobile homes and 
manufactured homes have the same meaning in this report. 

http://learningfromearthquakes.org/2019-07-04-searles-valley/
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Reconnaissance Methodology 

Robert Martinez performed rapid emergency inspections immediately after the 

earthquakes (July 6) to evaluate fitness for occupancy (placard postings) for 

homes in mobile home parks under jurisdiction of California Department of 

Housing and Community Development (HCD). Homes having readily observable 

damage were identified. Bruce Maison, California Registered Structural 

Engineer, performed mobile home damage surveys  during the week of July 

14, 2019.  He has surveyed mobile home damage following the 2014 South 

Napa, 2018 Anchorage, and 2020 Magna earthquakes. Mr. Maison worked with 

Mr. Martinez to document the observations contained in this report. 

Inventory 

Ridgecrest with a population of 28,000 has 11,000 total housing units (housing 

unit defined as separate living quarters).  Mobile homes constitute about 7% of 

total housing units (800 homes).  This report deals with the roughly 550 

homes located in Ridgecrest mobile home parks under HCD jurisdiction. 

Mobile homes on private properties were not readily accessible. Such homes 

often have perimeter wall foundation systems similar to those used in 

conventional residential home construction (as permitted since 1980 for mobile 

homes in California).  Wall foundation systems are seldom used in mobile home 

parks. Therefore, the performance of mobile homes having these systems is not 

covered here.     

Figure 1 shows a sample of Ridgecrest homes illustrating the wide variation in

styles. The oldest homes were installed in the 1960s. Figure 1a to 1c show 

older homes having aluminum siding that was common for homes built from the 

1960s to 1990s. Figure 1d to 1f show newer style homes having nonmetallic 
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panels siding (e.g., T1-11 wood, Hardie or Smart panels) that became popular 

starting in the 1980s.  Figures 1g and 1h show relatively recent modern homes. 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 

Figure 1.  Examples of homes in Ridgecrest mobile home parks. 
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Structural Systems 
 

Different types of structural support systems were used depending on customary 

practices and regulations at the time the home was installed.  In 1971, California 

started regulating the structural and fire-safety of mobile homes and at that time 

prohibited “permanent” installations.  Accordingly, most home were set on piers 

lacking explicit provision for lateral loads such as those by wind (e.g., no 

requirement for anchoring with tie-downs).  In 1973, regulations were put in place 

requiring tie-downs only for single-wide homes located in high wind zones (i.e., 

lateral design pressures in excess of 15 psf).  The result was very few homes 

were required to be anchored.   

 

A watershed event was the 1994 Northridge earthquake that damaged large 

numbers of mobile homes in the Los Angeles region.  Many homes having no 

explicit lateral support systems were damage thereby triggering emergency 

California regulations requiring all homes installed after 1994 to have anchorage 

systems designed for wind loadings.   

 

All Ridgecrest mobile home parks surveyed were established prior to 1994 

(oldest one in 1960 and the newest one in 1988).  Homes were progressively 

installed over time so the parks might have a mix of homes with different 

systems.  Homes having no apparent damage did not have observations of their 

supports since the skirting obscured the view.  Likewise, inspection of supports 

under every damaged home was not possible because some homes were 

cordoned off for safety and/or having work in progress.  Hence, it was not 

possible to create a precise statistical breakdown of the different systems in 

place at the time of the earthquakes. 
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Post-1994 Systems  
 
Figure 2 depicts a common type of an engineered tie-down system (ETS) 

certified for use in California homes. The home is situated on piers with tie-downs 

provided in both the transverse and longitudinal directions. Figure 3 shows an 

ETS observed being installed after the earthquakes. No damaged homes were 

observed having this system.  This type of ETS is popular in part because it is 

economical.  Other ETS systems might provide higher level of protection but they 

can be more costly. 

 

 

 

Figure 2. Engineered tie-down system (ETS) meeting post-1994 California rules. 
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(a) 

 
(b) 

Figure 3. Home re-installation using an ETS meeting California rules.  California also 
requires longitudinal tie-downs not shown. No damaged homes were observed having 
this type of installation. (a) Transverse tie-down strap wrapped around chassis girder 
and connected to ground anchor having stabilizer plate. Shown at upper right is steel 
pier having mechanical connection to girder and wood screws to board at base. (b) 
Mechanical connection hardware to attach pier to chassis girder flange.  

 

Starting in 1981, California certified optional earthquake resistant bracing 

systems (ERBS).  Manufacturers have developed various proprietary systems 

and had them approved by California.  ERBS can offer a higher level of 

protection than ETS, and many ERBS can serve as ETS as well. However, 

ERBS are optional and cost more than ETS thereby inhibiting their use.   

 

Figure 4 shows an ETS/ERBS system observed in a newer park having no 

damage.  Park staff claimed that all homes in their park had systems like that 

shown, and this was the reason for no damage.  It was felt that this might be an 

overstatement. It is likely that the newer parks had some homes with ETS/ERBS 

at the time of the earthquakes.  It is believed that relatively few (if any) 

ETS/ERBS were installed in the older parks.   
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(a) 

 
(b) 

Figure 4. Support system having California certification as an engineered tie-down 
system (ETS) and/or optional earthquake resistant bracing system (ERBS).  (a) Steel 
stanchion clamped to chassis girder (foreground) and steel piers clamped to girder 
(background). (b) Stanchion connected to foundation by steel rods hammered into 
ground. 

 
 

Pre-1995 Systems  
 
The great majority of damaged homes were situated on steel jack-stand supports 

having L-shaped brackets upon which the home chassis girder sat (Figure 5).  It 

appeared that many girders simply slid off brackets.  California now requires 

mechanical connections to preclude sliding (Figure 3b). 
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(a) 

 
(b) 

Figure 5.  Steel jack-stand pier observed.  Virtually all damaged homes are believed to 
have this type of pier. (a) Pier with L-shaped bracket on top that would sit under mobile 
home chassis girder (no mechanical connection to girder). (b) Close-up view of L-
shaped bracket.  Notice the relatively long length of threaded rod that could bend and/or 
break under lateral earthquake loads.  

 

Older homes generally lack tie-downs but there were exceptions.  Figure 6 

shows an archaic tie-down system in an older home having no damage.  Two 

damaged homes were observed that had piers with L-shaped brackets and tie-

downs. These installations did not conform to modern California standards 

probably because they were installed prior to 1995. 
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(a) 
 

(b) 
Figure 6.  Example of older home having tie-downs not meeting modern California 
standards. (a) Home was observed with its skirting removed from one side.  Home was 
not posted as damaged so it might have had skirting removed for detailed inspection. (b) 
Tie-down has weathering indicating it was not a recent installation.  Note how strap is 
connected to threaded rod extending a large distance above ground thereby reducing its 
efficacy (the rod can simply bend and possibly break under lateral force). 

 
In the 1970s, manufacturers started to market bracing systems intended to 

reduce earthquake damage by limiting the fall of a home to a maximum of two 

inches after failure of its piers.  Re-installation is greatly simplified since the home 

has not fallen completely to the ground.  No such systems were observed in the 

damaged homes. 
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Shaking Intensity 
 
The earthquake epicenters were located north and northeast of Ridgecrest 

(Figure 7) and ground accelerations were recorded at two stations in Ridgecrest: 

China Lake (NP-5419) and Lakeland Street (Q-0072).  Durations of strong 

shaking for the July 4 M6.4 and July 5 M7.1 were about 10 sec and 18 sec, 

respectively (Figure 8).    

 

Figure 7.  Location of Ridgecrest relative to M6.4 and M7.1 earthquake epicenters. 

 

 

 

 
Figure 8.  Horizontal acceleration time history records from July 4 and July 5 

earthquakes. 
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For the July 4 earthquake, China Lake had peak ground motions of 0.38g and 21 

in/s.  For the July 5 event, China Lake had peak values (0.36g and 18 in/s) that 

were greater than those at Lakeland (0.30g and 12 in/s). Figure 9 shows the 

response spectra.  

  

 

 

Figure 9.  Envelopes of horizontal response spectra (5% damping) from recording 
stations: July 4 at China Lake, July 5 at China Lake, and July 5 at Lakeland Street.  PGA 
= peak ground acceleration.  PGV = peak ground velocity. 
 

Virtually all damaged homes were in the mobile home parks depicted in Figure 

10.  Shaking at parks a to g may be comparable to that at China Lake station, 

and parks h to j, it may be similar to that at the Lakeland Street station.  The 

shaking at China Lake was more intense than that at Lakeland (Figure 9).  
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Figure 10.  Locations of Ridgecrest mobile home parks (indicated by letters) relative to 
ground motion recording stations. Key streets depicted by solid lines. 
 

 

Damage Observations 
 

Observations were made from outside the homes.  Homes easily identified as 

having earthquake damage were those yet to have any work done on them.  

These were characterized by significant offset or fallen to ground (collapse), 

distorted skirting, and dislodged home appurtenances (e.g. access stairs or 

carport awnings).  Judgments had to be made for those homes undergoing work 

since they could be in the process of detailed re-inspection, stabilization, re-

installation, retrofit, new installation or other activity.  Detailed inspection of 

support systems under every damaged home was not possible because some 

homes were cordoned off for safety and/or having work in progress.     
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Numbers of Damaged Homes  
 
Table 1 contains the numbers of damaged homes recorded by the California 

Department of Housing and Community Development4 (HCD). 

 

 The overall home damage rate was 6% (34 of 575 homes). 

 Virtually all the damaged homes were in parks situated close to the China 

Lake station and the damage rate was 8% (33 of 417). 

 All of the damaged homes near China Lake were in parks established prior to 

1977 (Santiago, Town & Country, Trousdale, Sierra Sands, and Whispering 

Winds). Homes are installed over time so the year established provides 

insight to the approximate age of many homes in the park. 

 The one newer park established in 1987 had no damage (Arrowhead).  This 

could be from differing support conditions.  The park might have had many 

homes with modern California ETS/ERBS systems (Figure 4). 

 There was only one damaged home in the parks close to the Lakeland 

station.  The shaking intensity at Lakeland was less intense than that at China 

Lake (Figure 9), and this could help explain the lack of damage. 

 The one damaged home near Lakeland station was an older home having 

aluminum siding and flexible skirting, but no tie-downs (Figure 13).  The home 

was unoccupied at the time of the earthquakes and might have been waiting 

for renovation.  Most of the other homes in the park established in 1987 

(Green Acres) were of 1990s or newer vintage identified by nonmetallic siding 

and rigid skirting and likely many had tie-downs.  Hence, the damaged home 

might have been an outlier in the park. 

 

 

                                                 
4The survey by Maison conducted about 10 days after the earthquakes found the 
numbers of damaged homes in close agreement with HCD except for Trousdale where 
Maison estimated a larger number due to many homes being worked on at that time. 
Trousdale had extensive media coverage when Governor Newsom toured it on July 5 
and this could account for heightened construction activities leading to damage 
overestimation.   
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Table 1.  Damaged homes in Ridgecrest mobile home parks. 

Namea Yearb Homesc Damagedd Statione IDf 

Sierra Sands 1960 38 1 

China 
Lake 

NP-5419 

f  

Town & Country 1965 71 11 B 

Trousdale 1967 59 9 D 

Santiago 1971 107 4 A 

China Lake 1974 30 0 G 

Whispering Winds 1976 50 8 E 

Arrowhead 1987 62 0 C 

Total 417 33 = 8%  

Sands 1961 12 0 Lakeland 
Street 

Q-0072 

J 
Green Acres 1987 112 1 H 

Boulder Pointe 1988 34 0 I 

Total 158 1 = 1%  

Grand Total 575 34 = 6%  
a Name of mobile home park. 
b Year mobile home park established.  Homes are installed over time so the 
year suggests the approximate age of many homes in the park.    
c Estimated number of homes present at time of earthquakes. 
d Number of damaged homes per HCD records.  Not included is one 
damaged home at El Dorado (out of 12 homes) located about 1 mile west of 
Sierra Sands.  
e Closest ground motion recording station. 
f Identifier for location on map (Figure 10). 

 
 

Damaged Homes  
 
Figure 11 shows a sample of damaged homes defined as homes assigned a 

restricted use placard meaning they were deemed unfit for occupancy typically 

due to significant shifting or falling off piers (termed here as collapse).  Notice 

how the mobile home unit itself behaved like a rigid box with minor damage, and 

thus usually can be repaired and reset to it original position. Most of the 

damaged homes (11a to 11e) were older style homes having aluminum siding 

and flexible skirting (vinyl or aluminum).  Some newer style homes having 

nonmetallic siding were also damaged (11f to 11h). Homes 11f and 11g had 

flexible aluminum skirting whereas 11h had rigid wood panel skirting. The 

majority of damaged homes had flexible skirting.     
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

Figure 11.  Sample of damaged homes. 
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Figure 12 shows cases where damaged homes having flexible skirting were 

adjacent to ostensibly identical pristine homes with rigid skirting.  This suggests 

that the rigid skirting might act as structural elements helping to protect against 

damage. However, the supports under the pristine homes were not surveyed.    

 
(a) 

 
(b) 

Figure 12.  Examples of damaged homes adjacent to pristine homes having no damage.  
Damaged home had flexible skirting whereas neighboring homes had rigid skirting. (a) 
Three homes with middle one collapsed. (b) Two homes with one collapsed. Collapsed 
home is on street corner.     

 
Figure 13 shows an example of damage to the home siding.  This was the only 

case where major damage to the exterior of the home was observed. 

 

 
(a) 

 
(b) 

Figure 13.  Example of damage to aluminum siding.  Notice how siding buckled outward 
at home mid-height apparently when home collapsed.     
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Damaged Supports 
  
There was ample evidence that the majority of damage homes lacked tie-downs 

thereby allowing the piers tip over and/or chassis girders to slide off L-shaped 

brackets located on top of the steel piers.  Figure 14 shows brackets that were 

bent as the girder slid off.   

 

 
(a)  

(b) 

 
(c) 

 
(d) 

Figure 14. Evidence of girders sliding-off L-shaped brackets. (a) Bracket bent where 
girder slid off. (b) Bent bracket suggesting home first moved to the left and then slid-off 
to the right. (c) Fractured pier on its side with bent bracket. (d) Piers that punched 
through floor. Chassis girder (in background) fell completely to ground very close to piers 
that remained standing upright suggesting girder slid off brackets at top of piers. 

 

Figure 15 shows cases where the home slid off the piers and fell mostly in a 

vertical downward direction.  Some piers remained upright and punched through 
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the floor while other piers tipped over as the chassis girder pushed against the 

side of the piers as the girder fell. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 15. Examples where girders slid-off piers with some standing upright and some 
tipped over.  Notice how the piers are very close to the fallen chassis girders. 

 

Figure 16 shows a case where the girder dropped about two inches after sliding 

off many piers. 

 
(a) 

 
(b) 

Figure 16. (a) Example where home chassis girder slid off many piers.  (b)  Close-up 
view of bent L-shaped bracket. 
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Figure 17 shows a case where the girders slid off the brackets and the home fell 

completely to the ground tipping over and crushing some piers.  

 

 

 
(a) 

 
(b) 

Figure 17. Piers from collapsed home having L-shaped brackets. (a) Crushed pier 
underneath home. (b)  Deformed pier taken from home and stood back up for photo. 

 

Figure 18 shows a damaged home that collapsed completely to ground.  It had 

tie-downs not conforming to current California standards. The ground anchors 

lacked stabilizer plates and the piers did not have mechanical connections to the 

chassis girders. The likely failure scenario was that the tie-downs had excessive 

flexibility due to lacking stabilizer plates thereby allowing the girder to slide off the 

piers.  Two homes having tie-downs were observed that collapsed. 
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(a) 

 
(b) 

Figure 18. View underneath collapsed home having tie-downs. Chassis girder collapsed 
completely to ground (in background) (a) Slackened tie-down, (b) Adjacent pier punched 
through floor after sliding off bracket. 

 

Figure 19 shows a case where the piers uplifted and nearly fell onto their sides.  

This has the potential to throw the home laterally for a large distance should the 

piers rotate onto their sides. 

 

 
(a) 

 
(b) 

Figure 19. Uplifted piers under near-collapsed home. This case could lead to a tipping-
over scenario where the home is thrown a relatively large distance as the piers rotate 
and fall onto their sides. (a) Pier at near chassis girder uplifted (in foreground).  Notice 
pier at far girder also uplifted (in background).  (b) Close-up view of L-shaped bracket.   
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Figure 20 shows a case where the home was thrown laterally for a relatively 

large distance after the piers tipped and fell onto their sides. 

 

 
(a) 

 
(b) 

Figure 20. View underneath collapsed home. (a) Chassis girder at A and toppled pier at 
B. (b) Different view showing the large offset of home with girder now near skirting 
position. This case had the home thrown a relatively large lateral distance as the piers 
tipped onto their sides. 

 

Figure 21 shows cases where the home transportation system (wheel and axles) 

was left in place thereby acting as additional means of support. This practice was 

observed in several of the older damaged homes.  Removal of tow-bars, wheels, 

and axles has been permitted starting in 1980.     

 

 
(a) 

 
(b) 

Figure 21.  Several older damaged homes had wheels and axles left in place that 
prevented the home from collapsing completely to the ground. (a) Case where wheels 
and axles helped support the home.  Notice that pier has uplifted as the home shifted.  
(b) Case where wheels were removed but axles and wheel hubs remained.   
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Other Damage 
  
Figure 22 illustrates how utilities can be affected when homes shift significantly or 

collapse.  Fire following earthquake is of particular concern should gas leaks 

occur after a gas meter set is broken.   

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 22.  Utility connections. (a) Utility tower set close to home thereby in danger if 
home shifts or collapses.  Electrical, water, and sewage connections were stretched as 
home collapsed to the left. If home collapsed to right, it would crush the utilities. (b) View 
from other direction showing water pipe having flexible connection, stretched electrical 
cable, and pulled out sewage pipe. Home collapsed to the right. (c) Gas meter set 
situated close to home and in danger should home collapse onto it. (d)  Gas meter set 
placed far away from home and protected by bollards.  Home shifted to the right but 
unable to damage gas meter set located safely away from home. 
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Figure 23 illustrates how post-earthquake emergency egress can be hampered 

when homes collapse. Staircases are typically freestanding so when a home 

collapses, its floor elevation drops and the home moves the stairs (i.e., stairs get 

pushed by the home).  Occupants then must step up to exit the home.  If the 

home had a screen door that opens outwards, then the door cannot open thereby 

completely blocking the escape path. 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

Figure 23.  Collapsed homes having emergency egress problems. (a)  Floor elevation 
drops as home collapses whereas staircase elevation remains at higher elevation. (b)  
Front view showing large elevation change. (c) Collapsed home having egress problem 
like that shown in (a). Notice the tilted awning posts. (d) Covered porch detached from 
home. 

 

Figure 24 shows observations of water heaters (typically accessed from outside 

the homes). Water heaters are tall heavy objects that should be restrained to 

prevent their damage during earthquakes.  Several water heaters were observed 



Mobile Homes in 2019 Ridgecrest Earthquakes by Maison & Martinez 

 24 

to be dislodged due to failure of their bracing systems. Fire following earthquakes 

can be exacerbated should gas leaks occur. 

 
(a) 

 
(b) 

 
(c) 

Figure 24.  Water heaters. (a) Dislodged water heater having poor strapping.  (b) 
Dislodged water heater apparently with straps that pulled out of walls. (c) Replacement 
water heater installed after earthquakes. 
 

There were fires to two homes in mobile home parks in the days around the time 

of the earthquakes.  However, Kern Country Fire Department incident reports did 

not attribute the ignitions to the earthquakes.  Figure 25 shows the fire damaged 

homes.  Neither home was significantly shifted or collapsed. 
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(a) 

 
(b) 

 

 

 
 

(c) 
 

(d) 
 
Figure 25.  Examples of fire damaged homes.  Fire ignitions apparently were not caused 
by earthquakes. (a) Fire damage to front part of home. Skirting does not indicate 
significant shifting of home.  (b) Fire crew cleaning up after extinguishing fire on July 6.  
(c)  Fire that completely destroyed home.  Skirting does not indicate significant shifting of 
home.  (d)  Water heater with strapping indicating it was not dislodged by earthquake.    
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 Collapse Mechanisms 

There appeared to be two basic types of collapse mechanisms.  A collapse might 

involve some combination with the girder sliding off some piers and other piers 

tipping over.    

 

Sliding-off Piers 
 
Many collapsed homes had relatively small lateral displacements with many piers 

remaining upright (e.g. Figures 14 and 15).  This suggests that the chassis 

girders slid off the L-shaped brackets located at the top of the steel piers.  

Girders slide when the friction force is overcome (Figure 26).  The size of the 

brackets is such that it takes only a small amount of sliding (say one to two 

inches) before the home falls vertically. This type can occur in the home 

transverse direction (perpendicular to chassis girder). 

 

Pier uplifts when  < 

Girder slides when < 

 = Friction coefficient

 = Tipping coe. = X/Y

Chassis

girder

X

Y

Steel pier(a)

Pier uplifts for V > N

Force N
Force V

N
N

(c)

Girder slides for V > N

N

N
V

(b)

 
 
Figure 26.  Conditions leading to collapse of home. (a) Steel pier underneath home 
chassis girder. (b) Girder sliding-off pier, and (c) Pier uplifting (tipping) 

 

Piers Tipping-Over 
  
Other collapsed homes had relatively large lateral displacements with many piers 

tipped over (e.g., Figures 19 and 20).  This suggests that the mobile home fell 

away from the piers as they uplifted and fell over (rotated).  A pier becomes 
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unstable when the top tips over one-half of its base width of about 5.5 inches 

(dimension X in Figure 26).  When piers fall onto their sides, the home will have 

displaced laterally about 20 inches or more (dimension Y).  This type can occur 

in any home direction (transverse, longitudinal or some angle in between). 

 

 Conclusion 

The 2019 Ridgecrest earthquakes damaged about 6% of the homes located in 

Ridgecrest mobile home parks under HCD jurisdiction.  Key points from the 

reconnaissance survey follow. 

 

1. Damage was observed mostly in older homes having steel piers lacking 

mechanical connections to chassis girders as well as not having tie-downs. 

 

2.  The earthquake peak ground acceleration and velocity causing damage were 

on the order of 0.4g and 20 in/s, respectively. 

 

3. There were many more damaged homes with flexible skirting (vinyl or 

aluminum) than those with rigid skirting (e.g. T1-11 wood, Hardie, or Smart 

panels).  This observation suggests that rigid skirting might act as structural 

elements helping to mitigate damage. 

 

4.  No homes having California certified engineered tie-down systems (ETS) or 

earthquake resistant bracing systems (ERBS) were observed as damaged.  

However, it is believed that such systems were in the minority at the time of the 

earthquakes. 

   

 

 
 
 


