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ABSTRACT

Wells, Nevada had about 80 commereaiati government buildingbatwere subjected to shaking from the 2008 Wells
earthquake, a magnitude 6 event within 9 km of town. Over half of the nonresidential buildings were damaged (42+), 17 of
these had major damage. Modern construction performedaitathugh all buildings in Wells had some cracks from being
rocked baclandforth strongly.

The worst damage was to buildings in the historical district of Wells, many of which were unoccupied and were poorly
maintained. One building collapsed and threddimgs were partially collapsed by the earthquake; these weretorg
buildings, except in one case, where the collapse may have been caused by debris falling fretorg twilding. Fifteen
buildings lost sections of parapets and/or walls. Mosthef severely damaged buildings were unreinforced masonry
bearingwall buildings (URMS), but there were also damaged wivadhe buildings with unreinforced brick veneers and
walls. Twelve of the 16 unreinforced brick buildings in the Wells historical disteid major damage. Several buildings in
other parts of Wells also had significant damage, most notably the City HalBt@ipyand high school buildings.

A particularly damaging component of unreinforced masonry walls was the crowning, concrete dmnohbihe top
of most URM walls. In many casethe upper parts of these walls were only twgthes wide (twabricks wide). When
these crowning bond beams destabilized and fell, they came down in larger pieces than the bricks of the wall. In one case
wherea crowning bond beam was lightly reinforced with rebar and fell from astaxy height, it smashed dovemto a
balcony and crushed a car, illustrating the potential destructive force of these comp®hentsps of URM walls,
crowning bond beams, andrppets should be anchored to structures.

Several partially reinforced and unreinforced concrete block masonry buildings had broken and separated blocks in the
areas of connections with beams and joists and in the corners of the buildings, and hadetwdicigsdiagonally through
buildings, with most cracks stastepping in the mortar seams between the blocks. In at least onsaasepreexisting
construction defectmay have promoted failure damaged block wall section that should have been filidd a@ncrete
below a major beam to form a column viasteadonly partially filled andcouldtherefore nosupport the earthquake loads
from the beamAs a resultthe wallbegan to break up.

Engineering factors that likely contributed to building damagmfthe 2008 Wells earthquake include the following:

1 seismically weak building types such as unreinforced masonry buildings.

1 poorquality building materials such as old mortar, unfired brieksl rubblanfill .

1 lack of seismic detailing in buildings suels unanchoregarapets; ceiling and walls not tied together; and brick
veneers inadequately tied to the walls.

1 construction defects such as poor masonry (rubble infill, unfired bricks), lack ofterds$cks, missing mortar
between bricks, and incompédy filled block columns.

1 secondstory effects such as greater deflection and possible longer period excitation.

1 specific location such as being next to and damaged by a collapsing building.

1 local site conditions such as soils classified as InternatiomédiBg Code NEHRP Site Class D (Wells Refraction
Microtremor measured 80 sheawave velocities from 280 to 358 m/s).
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In order to evaluate the advice thabften given to not run out of URM buildings during an earthquake, | compared
the number of delsiridden versus clear exits from damaged URM buildings in the historical district tpraobable
survivability inside of these buildings. There were 16 damaged URM buildings with a total of 36 exits among them. Out of
the 36 exits from these buildings, 8i.them (58%) had bricks thrown down in front of them (in two cases the brazks
beencaught by a balcony and a rotifus protectinghe exit). Of the 16 damag&¢RM buildings that were evaluated, only
one,the San Marin Hotelhad significant interiodamage with minimal survivable space (this building totally collapsed
and shed debris down across its exits). Thusing the 2008 Wells earthquakewould have been saféor occupantdo
have stayed inside the damaged URM buildings than to havel éxém, whereheywould likely have been hit by falling
debris from heavy collapsing brick parapets in many cases. One partially collapsed building was occupied by seven people,
who stayed inside during the earthquake and survived uninjured. These tibssrgapport the advice that the safest
course of action during an earthquake is not to run into or out of an unreinforced masonry bliidinge building that
did collapse, however, reminds us that URM buildings ultimately need to be rehabilitasedsfoic shaking.

The earthquake damage to 18 buildirgsriefly discussed and illustrated in appentliat the end of this paper

Nevada is earthquake country and Nevada communities commonly have between a few and many unreinforced
masonry buildings. Sue ideas for seismically rehabilitating these buildings and making them safer can be found at FEMA
(2009)

and at the following link: http://www.conservationtech.com/FEMWEB/FEMA-subwebEQ/0202-
EARTHQUAKE/1-BUILDINGS/E~Mitigation-Measures.htm

INTRODUCTION

Wells is a small city located in northeastern Nevadau(éd) with about 80 commercial and government buildings, of
whichonly a dozen or so are two stories high, the rest being sstag structures. Construction types include wood frame,
steel frame, reinforced masonry, and unreinforced masonry (URM), and several buildings have multiple types of
construction (e.g., unneforced brick front half with a woeftamed rear). The construction periods of these buildings range
from the late 1800shtoughthe 1900s. Some have served multiple purposes and businesses for over a century whereas

others are in their first episode ofeusThe historical district of Wells (fige 2), was laid out along the railroad tracks;
nearby water wells were used to fill water tanks on passing steam engines.
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Figure 1. Location of Wells, Nevada and the epicenter of the 2008 earthquake.
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Figure 2. Front Street of the Wells historical district prior to the earthquake. Only two of the buildings in this block were being used and none
were occupied during the event. Photograph by Jack Hursh.

The most severdamage from the earthquake was to the weaker older URM buildings, most of which were built in the
early 1900s. These buildings have experienced many decades worth of large snow loads, high wind loads, varying
occupancy loads, and large seasonal temperdluxes, all of which have aged them. Some have also been exposed to
fires. The mortar used between the bricks is old, has weakened with age, and is generally considered inferior to that used
today. Subsequent repairs to the walls are commonly parsaéfy only done near the top of the wall) and create areas
with new stronger bonds that can behave as relatively ¢
occupants has varied through time (e.g., Great Depression, highwatyuction boom, freeway bypass decline), which has
resulted in varyindevelsof building maintenance over time as well.

Earthquake damage has exposed poor construction quality and materials in several cases. Some of the buildings appear
to have been builas quickly as possible with whatever bricks and rocks were available. In some cases, ttadcross
courses were absent and columns of bricks were simply stacked next to one another (this was most commonly done near the
tops of walls). These buildings gatate building codes and there was no consideration of using seismically resistant
construction methods or materials in them.

Despite these noted deficiencies, there were elements that likely added some lateral resistance to the buildings in the
historicd district. One remarkable aspect is the strength of the roof systems in these buildings. They are commonly truss
systems designed to withstand large snow loads. Another aspect is the buttressed nature of many of the buildings resulting
from being adjacento one another or from having common walls. Adjacent buildings appeared to support each other.
Although roof and ceiling joists were simply set into slots and not attached to the walls, this buttressing may have helped
support the stresses coming throdigé connections and helped prevent the joists from coming out of these slots. Another
note is that prior to the earthquake, several of the weaker buildings had been braced with temporary wodoeeifiogr
columns to strengthen the roof and floor sup@nd other members that had weakened with time; in no cases did the roof
or floor fail when braced this way.

Well sé6 more modern buildings, in contrast to the ol de
resistance. Currently, the 98 version of the UBC is enforced by the City of Wells; this version includes improvements
made to the code following the 1971 San Fernando earthquake, the 1989 Loma Prieta (Bay Area or World Series)
earthquake, and the 1994 Northridge California earthejusd there are several improved seismic provisions incorporated
into it.

The structural damage suffered by buildings in Wells due to the 2008 earthquake can be grouped into several
categories: collapse and partial collapse of buildings; parapet andiavalige; unreinforced brick veneer damage; and
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additional damage to piexisting damage. Additionally, there was widespread nonstructural damage to the buildings (e.g.,
broken chimneys, broken windows, cracked walls).

With the exception of one mobile homghifting of buildings off their foundations or jacks was not a common
occurrence from this earthqualkéanufactured buildings and homes were commonly shifted on their jacks, but they tended
to stay on.lt is unclear to wht extentbuildings were anchoreda their foundations, but when resetting the shifted
buildings they were commonly strapped or anchored to some degree to help them stay on in the future.

This is a report of reconnaissance observations made mostly on the outside of buildings, but assejredditional
observations were made of their interiors. I't doess not
on major damage to buildings and comments on their general condition. Unreinforced masonry construction and the
damaged buildings in the historical district were the primary focus, and the investigation did not comprehensively observe
all the buildings in town because of time limitations. Minimal attention was given to undamaged and modern buildings. The
paper is oganizedinto adiscussion of the types of damage that occurred and then by the different construction types. Some
detailed notes on 18 individual buildings are in appeficak the end of this paper

The intent of this paper is to document significantnesidential building damagesultingfrom the Wells earthquake.

Damage to residential housing is covered in a separate paper in this volume (dePolo, this volume). | am a research scientist
and not an engineer, which creates some limitations and somatagks to these observations.

Earthquakes are the wultimate shaking | aboratory (or
buildings and earthquake thre#hat are present in Wells are common to many western commufiitiese obseations
may thereforebe usefulin modelng a possible damage profile for these communities should an earthquake occur. Some
ideas for preventive seismic rehabilitation of buildings, and in particular for unreinforced masonry buildings, can be found
in FEMA (2009) and at the following Internet linkttp://www.conservationtech.com/FEMWEB/FEMA-subwebEQ/02
02-EARTHQUAKE/1-BUILDINGS/E~-Mitigation-Measures.htm
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THE 2008 WELLS EARTH QUAKE

The Wells earthquake occurred on February 21 at 6:16 a.m. PST (14:16:02.62 UTC). The earthquake had normal dip
slip motion, a moment magnitude of,M.0, and a moment release of 1.3 X*10-m. The @ent began at a hypocenter 9
km to the north of town, and ruptured in the subsurface to within 1 to 2 km of Wells. The earthquake does not appear to
have ruptured the surface and occurred on a previously unmapped fault, although parts of the gezers fabielongs
to were mapped 30 km to the north. The surface projection of the earthquake fault is within the Snake Mountains (Smith
and othersthis volume). There is not an obvious Quaternary fault in this position, and although there are somel equivoca
geomorphic features in the area, the amount of potential Quaternary offset appears to be minor, if any (Ramelli and dePolo,
this volume). Thus, the earthquake is a background earthquake, a kind that can occur anywhere in Nevada or in the Basin
and RangeProvince (c.f., dePolo, 1994). The occurrence rate of background earthquakes is generally determined by
analyzing historical earthquakes. Estimates of the chances of a magnitude 6 or greater earthquake within 50 km of the
Wells area occurring over the nextsO years were calcultated to be about 10% to 12%
(http://geohazards.usgs.gov/eqprob/2009/index.php). This is one of the lowest chances of this size event happening in
Nevada, yet the damaging Wells earthquake occurred, reinforcing thepetited warninghat damaging background
earthquakes can, and do, occur anywhere at any time in tectonically active Nevada.

The Wells earthquake occurred on a N4@tEking fault, with a 55%outheastward dip. The earthquake is thought to
have had a relatively high st drop for a normal fault, 72 to 89 bars, and had a bilateral rupture nature that caused it to
occur very quickly (Smittand othersthis volume; Mendoza and Hartzell, this volume). The earthquake occurred directly
under a sedimentary basin that forms Tio@reek Flat, the valley in which Wells lies. This sedimentary basin, modeled
principally on gravity measurements, is a maximum of 1.8 km deep near the epicenter and shallows towards Wells, where it
is about 200 to 500 m deep (Poracel othersthis volumé. The basin and its configuration likely contributed to enhancing
strong ground motion and lengthening shaking duration.

There were no recordings of the strong ground motion from the mainshock in Wells. Modified Mercalli Intensities
were up to VIl in tke historical district, VII for much of central Wells, and VI in the southern part of Wells, progressing to
a lower intensity away from the earthquake. Durations of earthquake shaking reported in Wells range from 20 to 40
seconds. Petersoand others(this volume) found that regional seismic recordings of the mainshock were generally
compatible with ground motion prediction equations in the National Seismic Hazgpd (MSHM), although they were
below the predicted curves at distances of about 200 km aategfeearsource ground motions of Wells aftershocks
were recorded oalocal portable seismic arra@dne ofthese aftershocks, a¥4.3, was recorded at the Wefiise station,
which is within 100 mof the area of highest damage levedportedfrom the mainshock (Modified Mercalli Intensity
VIII); the fire station is on a soil siteith approximately297 m/s \{30 shear wave velocitfO 6 D o namc dthlersthis
volume) and wasksout 13km away from the afterh o c k 6 s e p i amdrothezdthis voRree) reportstratnground
accelerations from this aftershock at thisowDigfordbeutceede
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5 second® which is close to the peak ground acceleration predibedSite Class Dby the NSHM, 0.2 t00.3 g The
mainshock of the WlIs earthquake caused Intensity VIII damage rieiarsite whereas this aftershock only caused a few
bricks to fall from the upper parts of damaged buildings (I was standing about 50 rsgotitivest of the station when the
earthquake occurred), thus the mainshock likely had stronger and longer ground Tritgienwere some higiimplitude
waves in the & Hz frequency range relative to a Brune spectrum model for the east component of the recording from the
aftershock, whicliPetersen and others consider possible evidence of site effects in the ground motion.

Six Refraction Microtremomeasurements were made in Wells to get a preliminary view of @ sheawave
veloctyof | oc al d e p and othersthig voldnie)dOm el land others found that sheeave velocities in
the historical district were abo@87 to 303m/s (973 to 994 ft/s)and in central Wells were 300 to 358 (83 to 1,174
ft/s); all locatons have velocities that put thaminternational Buildng Code Soils Site Classificati@h There were also
some potential shallow velocity reversals which also may have influenced ground motion.

DAMAGE TO BUILDINGS

The earthquake damage in Wells ranged from the complete collapse of a structure to hidbdandtmdiscover
cracking. Much of the damage is typical of what would be expected from an earthquake, with the worst damage occurring
to older, unreinforced masonry buildings. Almost half of the nonresidential buildings in Wells had some earthquake
damaye, costing at least thousands of dollars each to repair.

These observations were constrained by time, so only the commercial and government unreinforced masonry buildings
and the damaged buildings in the historical district were the focus-tartgamaed buildings were noted (table 1). Brief
descriptions and pictures of the damage to 18 buildings are included in appdndatedat the end of this paper. The
locations of 35 of the damaged buildings in Wells are shown on two maps, one of the Cigli®fad one of the
hi storical district. Hi storical dates of buildings are f
Wells Society for Preservation of Wells Heritage. Two severely damaged buildings, the high school gymnasium and
auditorium, are discussed in a separate paper in this volume (Trabert, this volume).
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Table 1. Earthquake-Damaged Buildings that were Examined*

Buildings with Structural Damage

Total or Partial Collapse

Location Building
Figure4, #7 San Marin Hotel
Figure4, #4 Nevada Hotel
Figure 4, #3 Mint Saloon
Figure4, #16 El Rancho Hotel

Broken Walls, Beams, Connections

Location Building

Not Shown 4-Way building

Figure4, #13  Bullshead Bar

Figure 3, #5 City Hall

Figure 3, #6 City Shop

Not Shown Latter Day Saints Churclpartially
Figure3, #3 High School Auditorium
Figure3, #3 High School Gym

Figure4, #15  Wells Chalet

Notes:

Building type

URM, brick
URM, brick

wood

URM/steel/wood/brick

Building type

CMU?

wood/URM, brick ven.
URM, brick

URM, brick

reinf. CMU
conc./CMU/ brick

conc./CMU/ brick
URM, brick

Total Nonresidential Building Courdabout80 buildings in Wells
* This is not a complete list of damaged buildings; other damaged buildings exist that were not visited becauserafttamas

URM i Unreinforced Masonry Building
CMU T Concrete Block Masonry Unit

ven.i veneer

Damage
Level

total
severe

severe

severe

Damage
Level

mod.
heavy
mod.
mod.

mod.
severe

severe
heavy
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Damage

total collapse of walls, floors, and roof
roof dislodged, buckled, fell, and
rotated; major upper wall failures

roof and wall collapsed from falling
bricks from adjacent building

roof dislodged, upper wall failures

Damage

interior bearing wall damage
outer veneer failure, brick wall damage
cracks and damage t8“3tory
deep crack full height of bldg.; corner
damage
beam connection damagéisplaced
wall
broken connections/broken chimney
broken connections/URM wall
bond beanmandbricks fell from upper wall



Buildings with Moderate or Minor Wall, Parapet, Crowning Bond Beam, Veneer, and/or Chimney Damage

Location

Figure4, #10
Not Shown
Not Shown
Figure4, #11
Figure3, #11
Figure4, #
Figure 3, #6
Figure 4, #9
Not Shown
Figure4, #17
Figure 4, #2
Figure 4, #5
Figure3, #13
Figure3, #13
Figure3, #12
Figure 3, #13
Figure4, #18
Figure4, #19
Figure4, #12
Figure 3, #8
Figure4, #20
Figure 3, #4
Figure 4, #1

Building

Bargain Barn/Elite Saloon
Brick Motel near NDOT yard
Building next to Overland H.
Capitol Club

Constable Powers bldg.
Eagle Club

Elko County Highway shop
Goble Market

Laundromat Building
Lutherds Bar
Meat Market

Mur phyés Bar
NDOT Yard Bldg., N. bldg.
NDOT Yard Bldg., S. bldg.
Old firehouse building
Old Theater

Old West Inn
Overland Hotel
Quilicios
Ranch House

Supp Garage

Wells pool bulding
Wells Progress building

b udMUd i

Building type

URM, brick
URM, brick
wood?
URM, brick
URM, brick
URM, brick
CMU
URM, brick
CMU

URM, brick
URM, brick
CMU
CMU
URM, brick
CMU
URM, brick
wood, brick

Ma r k eURM, brick
part. reinf. CMU

CMu
CMu

wood/brick ven.

Buildings with Other Nonstructural Damage**

Location

Figure3, #15
Not Shown

Figure 3, #7
Figure4, #14
Figure 3, #1
Figure 3, #2
Figure 3, #10

Building

Wells Rural Electric
Bonneville Translocator
Motel 8

Frontier Apts.
Stuartods
Hardware Store
Justice Court

Building type

steel/concrete

steel
steel

wood/concrete
Ma r k e tsteel truss/ CMU walls
steel truss/ CMU walls

wood frame

ng

Damage
Level

mod.
minor
minor
mod.
minor
mod.
minor
mod.
mod.
mod.
mod.
mod.
minor
minor
minor
minor
minor
mod.
mod.
mod.
minor
mod.
mod.

Damage
Level

mod.

mod.

minor
minor
minor
minor
minor

Damage

pounding, parapet and wall bricks fell
few bricks thrown down

few bridks thrown down from veneer
many bricks fell from parapet and wall
parapet and upper wall bricks fell
brokenwindows, wallandbond beam damage
cracked walls

upper wall failures, front and back
veneer damage, cracked parapet

roof and wall damage, parapet crack
bricks fell from upper wall, wall cracks
major cracks, bricks from Nevada Hbte
chimney damage, wall cracking

corner damage, relip doors scrape
movement of roof system

chimney failure, uppeouter wall tilted
section of upper part of wdhiled, wall cracks
bricks fell from front ad side veneer
upper wall failure, parapet damage
broken wall and parapet

corner damage

wall cracking, pool liner damage

brick wall moved out near upper part

Damage

ceiling tiles and supports fell

ceiling tiles and supports fell oi%tory
broken windows, wallbard cracking
broken windows, wall board damage
ceiling tiles and supports shifted
ceiling tiles, major content loss

wall cracking

** Does not include nonstructuredntentdamage, which was widespread, unless content damage was major.
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@ Stuart's Market
@ Hardware Store
© Wells High School
@ Pool building

O City Hall

@ City Works

© Motel 8

Wells City Map

© Ranch House

© Supp Garage

Q@ Justice Court

@ Constable Powers building
® OId Firehouse building

® Old Theater

@ NDOT yard buildings

Figure 3. Location of downtown Wells buildings discussed in this report.
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® Wells Rural Electric

® Elko County Highway shop

Not Shown:

Historical District buildings

4-Way Casino
Bonneville Translocator




@ Wells Progress building
© Meat Market

© Mint Saloon

O Nevada Hotel

© Murphy’s Saloon

@ Eagle Club

© San Marin Hotel

Wells Historical District Buildings

© Flag wall
© Goble Market

@ Capitol Club

@ Bargain Barn

@ Quilici and Sons Market
® Bullshead Bar

@ Frontier Apartments

Figure 4. Locations of Wells historical district buildings discussed in this report.
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® Wells Chalet

® EI Rancho Hotel
® Luther’s Bar

® Old West Inn
® Overland Hotel

@ Supp Garage



Totally and Partially Collapsed Buildings

Only one building, the San Marin Hotel, collapsed in its entirety from the earthqualke @jg This vacant building,
originally built in 1899, was in poor condition and part of the back wall had reportedly collapsed in prior years. The
building was stabilized following this back wall collapse using steel rods to prevent the building from falidgaoent
properties. Even though the building was in poor shape, the collapse from the earthquake was impressive and catastrophic.

The western wall of this twetory building toppled to the northwest, bringing the entire roof and second story down
onto a brickcovered bottom floor and on top of the collapsed wall. The western wall totally disintegrated to a brick and
brokenbrick level. Window frames from the wall lay in the rubble field as isolated members. There may have been a
dramatic contrast in therift of this wall between the front and the back of the building because the front of the building
was braced between the concrete block dAflag wallodo on t
beam/header at the first story ceilingdéwgiving it support. The only small part of the western wall that remains is the
lower front part. In contrast to the front, the back wall was-$taeding on its western side.

Figure 5. Collapsed San Marin Hotel, viewed from the back. The western wall (left side) has collapsed bringing down the second story floor
and the roof. Only the lower corners remain of the western wall. Displacement may have been limited in the more rigid front of the building
which buttressed by a concrete block wall and has a solid concrete header beam over the open window front. The opposite remaining corner
is badly cracked and rear of the building is reported to have partially collapsed before the earthquake.

The part of the bottom floor on the side that was not coverdtebgollapsed roof and second story, was strewn with
bricks and debris from the collapsing eastern wall. With the exception of a small room near the back of the building, there
was very little survivable space in the collapBgufe 6). The empty lot tohe west of the collapsed building, where the
western wall fell, was also covered by thousands of bricks, including bricks from the top of the adjacent Goble Market to
the west of the lot.

The San Marin Hotel building appeared to lack internal walls orifgabat would have added some strength to the
building and might have provided areas for survival if it had been occupied. Although the building had been tied together
with iron rods, it had not been braced or reinforced. The iron rods were simply putledid bent by the earthquake and
subsequent building collapse.

There were three partially collapsed buildings: the Nevada Hotel, where the upper part and roof partially collapsed; the
Mint Saloon building adjacent to the Nevada Hotel, which receivettlssic f r om t he Nevada Hotel 6s
had a collapsed roof; and the El Rancho Hotel, which lost parts of its upper walls.

The twostory Nevada Hotel had parapet and upper wall faildigaré 8), and a relatively rigid wood roof that was
losing support during the earthquake and collapsed down to the ceiling joists. Most of the bricks fell away from the hotel
and the inside appeared to be relatively undamaged. Two brick headers over second story windows and a panel between
windows were broken, we outof-plane, and were threatening to fall.
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Figure 6. Roof rafters from the San Marin Hotel lying directly on the second story floor. There was very little survival space in this collapse.

Figure 7. Pre-earthquake condition of the Nevada Hotel. The view is to the southwest. Photograph by Jack Hursh.
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Figure 8. Earthquake damage to the Nevada Hotel. Fallen bricks from the front parapet and upper part of the wall are visible, as is the
] bliez\ "] khh_, lg ma” kb am dap”™ Il m' I' b]~ h_ ma” BaoorZ Nofe thBtldespite theb | Gnki
damage to the hotel, the windows were not broken.

Bricks fell away from the top of thedvVada Hotel and onto the adjacentsne or y Mi nt Saloon and
Over 85% of the Mint Sal oonds r-stooyfNevada Elotetootb theangseengart ofthei ¢ k s
roof. This part of the trusoof system failed, and it cadown as a nearly single tilted unit, remaining attached on its east
side and breaking up on its western side. There were a few meters on the western side of the Mint Saloon that were covered
with debris, where the roof structure fell to the floor, and pathe wall was brokerfigure 9). The part of the Mint Saloon
where the roof didndt coll apse was pierced by bricks on

The twostory El Rancho Hotel had severe uppaill damage and slumping of the roof rafters where the support walls
fell away. It is considered to be a partially collapsed composite unreinforced brick building; the composite nature of this
structure includes having metal and wood frame interior with exterior unreinforced brick bearing walls. Damage was
mostly limited tothe outer walls of second floor and attic space levels where brick walls fell out, were severely cracked, or
were vertically delaminated. Roof rafters were left suspended in air and slumped when their supports fell away. The
building was occupied by seveeople at the time of the earthquake, all sleeping on the second story; there were no injuries
and all exited safely after the earthquake shaking was over. The interior stiuatureosignificant damage with the
exception of the outer edge of the upfd@eor wood frame. Significant amounts of bricks and debris fell from the EI Rancho
Hotel in thefront and back of the buildingnd in the alley on the northern side.
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Figure 9. Collapsed western part of the Mint Saloon with bricks from the adjacent Nevada Hotel. The western wall has been broken in the
center as well.

Figure 10. Inside the Mint Saloon with the collapsed roof system still hinged on the eastern wall.

235



Unreinforced Masonry Parapet and Wall Failure

The earthgake caused at least 13 buildings to shed bricks onto sidewalks and into alleys from parapets, walls, and
gable ends. Fortunately, these locations were unoccupied when the early morning earthquake occurred. Wall and parapet
failures were 0.5to 6-m-high sctions of bricks that tumbled to the ground from a height of one to two stories (3 to 10 m),
in some cases creating rubble piles on the sidewalk as much as a meter deep.

Figure 11. Parapet and wall failure of an unreinforced wall at the back of the El Rancho Hotel. Most of the bricks fell next to the building, but
note the one piece of bond beam that fell far enough to clear the crest of the adjacent house; scrapes on the house roof indicate other
pieces of brick cleared this crest as well and slid to the ground in front of the house.

Figure 12. Failure of part of the front wall of the Capitol Club. The hole is in a wall that has three wythes of bricks. Above the hole the two
outer wythes of bricks delaminated from the inner wythe, revealing a lack of cross-course bricks tying the upper wall together.
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The gable unreinforced masonry ends fell out of the Goble Mdigatd 13). These fell out like an unbraced parapet,
and were attached only at the loottto the roof system with a few anchor bolts. Movement of the roof system may have
contributed to knocking the gables out.

Figure 13. The gable ends of the Goble Market failed. The hole reveals two roofs on the Goble Market, with an earlier pitched roof on a
truss system. Damage stopped near a horizontal wood board attached to the building (this supported a wood-covered sidewalk the past).

e

Figure 14. Parapet failure onto the roof of the El Rancho Hotel. The parapet appears to lack cross-tie bricks and the inner wythe of bricks
has delaminated and fallen onto the building, along with the crowning concrete bond beam that capped the top of the parapet/wall.
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Figure 15. Failure of the parapetandni i "k pZee h_ ma” ~ZI m*kg | b]”* h_ ma” H"o=2jisithg Bhm”" e,
from snow damage. The wall is laid down on the roof as if it fell out en masse. Even though over 25 courses of bricks fellon Gn ki ar EI  <Zk *
I mhkr Na® H~oZ]

where the roof was in place, it stayed up. The bricks fella] bl mZg\ ~ h_ Z[ hnm aZe_ Z ,

common wall.

Figure 16. Concrete bond beam on the top of an unreinforced masonry wall at the back of the Eagle Club. The beam was used to stabilize
the top of the wall. The bond beam is usually attached to the wall with only mortar at its base.
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One particularly spectaculéype offailure that occurred in several buildings was the toppling of the crowning bon
beam from the top of the wall, either inwards onto the
When these bond beams fell all the way to the sidewalk, commonly with a few bricks stuck to them, they were very
damaging (a grapbiexample of this is the crushed car shown in figure 17). Crowning bond beams in Wells were
commonly placedn top oftwo-wythe-wide unreinforced brick walls that tended to be poorly ctiEsk together in their
upper parts. This made the upper part ofvtladl susceptible to delamination failure between the wythes of bricks, making
it easier for the crowning beam to destabilize and fall.

Figure 17. Crowning bond beam that fell from two stories and crushed a car. This beam was reinforced with two pieces of iron rebar and fell
off in relatively large pieces.

Figure 18. Crowning bond beam section that fell off the Wells Chalet and likely broke up from uneven impact. Rebar in the bond beam can
be seen. This is the same bond beam that is shown in figures 17 and 19.
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Figure 19. Western side of the Bullshead Bar. The balcony has been smashed to the ground abruptly breaking the column connections and
leaving the columns still standing. This likely happened because the balcony was rapidly impacted by the large, nearly intact crowning bond
beam that can be seen in the photo. This is the same beam that crushed a car to the right of the area shown here (figure 17).

On severabuildings, sections of the parapets and walls still standing are detached from their walls and appear ready to
fall outward; many have a precarious appearance and have been threats due to aftershock shaking. In one case, the ownel
notesthatthe front verer began leaning a while after the mainshock and may have been pusizettheniby aftershocks.

The parapet and wall failures have occurred in a few different ways: 1) walls and parapets appear to have peeled down,
delaminated, or fallen as eaf-plane masses, 2) large and small failures of bricks where a crowning bond beam has
toppled possibly destabilizing or allowing the destabilization of walls, 3)-ftaemding brick wall failures, and 4) pounding
failures.

In several cases where bricks fell ofitulRM walls, the resultant holes exposed poorly tiegether courses, courses
that entirely lack crostying bricks, contacts with weak or missing mortar, pgaality construction with rubble infill in
the center of some walls, and poor materials, sgchse of unfired and adobe bricks hidden in the inner wythes between
regular bricks. Although it is hard to judge to what degree these faxdoisbutedto failures, they certainly cread even
weaker unreinforced masonry conditions. They are also dliffio detect preevent from asimplevisual inspection of the
walls because the sigyade materials are usually inside the wall and are hidden by a wythe of regular bricks.

In nearly all cases of failure, the parapet or upper part of the wall was unsgpaod unanchored to the buildifigis
particularly important to securerowning bond beamt buildings because of the potentifdr these large structurde
cause severe damage and injury if they detach and fall during an earthquake.
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Figure 20. Separation and outward tilt of front wall of the Progress Building. This building has since been demolished.

Figure 21. Adobe and unfired bricks in the back wall of the Quilici Market. These were weak elements and were reduced to a pile of dirt
when wetted. Notice the course of fired bricks on the far left side of the photo that covered up the unfired bricks.
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Figure 22. Rubble infill (basically unlaid brick) in the unreinforced masonry wall at the back of the Quilici Market. This was covered by laid

bricks and stucco (lower right center).

Figure 23. Rubble infill in the unreinforced masonry wall at the back of the San Marin Hotel. There were holes and gaps in this wall large
Aghna mh inm Z fZgEl _blm bgmh* Zg] | ”2~0~kZe h_ ma” kh\ dllaidbfickss makhp:
served as the forms for the rubble infill and hid this kind of construction from outside visual inspections.
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Pounding Damage

Buildings in the historical district are immediately adjacent to each other, and in several cases appear to have
reinforced or braced one another during the earthquake. Bomieinstances, differences in height, constructienother
response characteristics led to the buildings shakingfephase with each other and pounding into each other. Two cases
of pounding damage were noted, one between the Bargain Barn and Goble Market buildings and one at the Wells Chalet
building, which had internal pounding damage. In the case of the Bargain Barn (white builfijngré24), the column
was displaced to the west about 4 cm, possibly because the more rigid top of the Bargain Barn drifted farther to the east

than did the columrghearing its top.
The Wells Chalet has a large concrete beam near the top of the second story that extends the entire length of the

southern side. This concrete beam appears to have pound:
may have impacted the upper part of the wall on the back of the Quilici Building, either by hitting the uppermost part of the
wall directly or from falling bricks from the Chaletds w

Figure 24. Building pounding damage between the Goble Market and the Bargain Barn. The white column of the Bargain Barn is displaced
about 4 cm over four courses of bricks.
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Figure 25. A hole has been pounded out of the eastern wall of the Wells Chalet. The upper part of this wall is two wythes wide. Note how
the crowning concrete bond beam on top of the eastern wall and some bricks overhang the concrete beam on the southern wall, giving a
hole-like appearance to the damage; this failure does not appear to have peeled down from the top as many of the other wall failures did.
The concrete beam appears to have pounded this hole into the wall. This pounding and the resulting falling bricks may have contributed to
damage in the upper corner of the back of the Quilici Market. The blue tarps were put up the day of the earthquake to cover holes to protect
the interior from weather.

Failure of Unreinforced Brick V eneers

There were two dramatic failures of unreinforced brick veneers that coveredfraatetl structures. Theibk veneer
on the Bullshead Bar appears to have bnake and fallen as many pieces, whereas part of the front of the brick veneer on
the Overland Motel appears to have cantileverecgouhasse

The Bullshead Bar building was veneered with brick in 194t bricks use@&achhad three small holes in them that
allowed some mortar to ooze in. The ties to the structure for the veneer wete thimeenail clusters driven into twby-
four vertical wall studs every haéémeter or so, and sticking out intcetimortar joints of the venedigure 26). The part of
the second story veneer -ftrhaactt ud iedthé wallhipavelpI0sthedk enfiqure 2Y)y e r a |
apparently because the more flexible wood frame building was movingaakflorth and breaking up the more rigid
veneer. Many of the nails used as ties pulled out of the studs, but others remained. Several nail clusters used am the wester
wall retained a small amount of mortar when they stayed. This veneer was one wythe widevesh@ds a wall in half of
the seconétory northeastern front of the building. It had a fairly heavy concrete bond beam on top, which fell off in its
entirety. The veneer on the front failed down to the first story, near where older bricks coverest flomfiwvalls. On the
western side of the Bullshead Bar building, the brick veneer also stripped down to the top of the first floor; here the same
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veneer continues down to the floor level. Most seestody windows and fairly heavy concrete sills that eveet in the
veneer wall also fell out.

Figure 26. Detail of the upper part of the front of the Bullshead Bar showing the wood frame structure and nails that were used to tie the
brick veneer to the building. There were more nails; some were pulled out.

Figure 27. FZk " 2 k@Rmnk~l E bg ma” k~fZbgbg  [kb\d _Z¢2ZzZ] *uploigthe fmgatle duektditgem h _  ma

rocking back-and-forth of the building. The lower, redder bricks are solid, older bricks. The darker bricks above have small holes in them
(figure 28). The ledger for the balcony can be seen poking out on the right side of the building, just above the color change in the bricks.
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Figure 28. Brick from the upper part of the veneer of the Bullshead Bar showing small holes for the mortar to go into. Cracks seen in figure
25 that cross both types of bricks do not show distinct differences in character when they do so.

Figure 29. The second story of the western wall of the Bullshead Bar where the unreinforced brick veneer has fallen off. The darker areas
on the white wall are where nails, either single or clusters of nails up to three in number, were driven into the wall studs. This was how this
one-wythe-wide veneer was attached to the building.

At the Overland Hotelbricks fell off the front of the building (across the entrance) anthefieastern side (figes28
and 29). The front gne glass window also shattered over a bench in front of the buyildimigh wasunoccupied irthe
early morning hours of the earthqual&mall metalattachmentstrips remained on the building, which were tying the
veneer to the structur®uring the clearup, the rest of the bricks were taken off the structure and the front wagsdover

with stucco and painted.

Figure 30. Failure of an unreinforced brick veneer on the Overland Hotel.
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Figure 31. Failure of an unreinforced brick veneer on the Overland Hotel. The ordered nature of the bricks indicates much of the veneer fell
out en masse.

Damage to Wood -Framed Structures

The woodframed structures in Wells are mostly singtery buildings, although at least three were -stary. All
weathered the earthquake structurally intact, buetiers commonly nonstructural damage.

Exceptions of damage include the Bullshead Bar and the Overland Hotel which aréravoed buildings with twe
story-high unreinforced brick cladding or veneer (the Bullshead Bar building is actually a compositerestmith an
eastern bearing wall made of unreinforced brick). The wooden frame portion of these buildings seems to have survived
without significant damage, but at least one, the Bullshead Bar, had additional internal wood framing added to the building.
Much of the secondtory unreinforced brick veneer failed from these buildings, however, and fell to the sidewalks below
(see discussion of brick veneers).

Figure 32. Wood frame of the Bullshead Bar exposed at the northwest corner of the building where the brick cladding has come off. The
remaining cladding is damaged and ready to fail, which would also allow the concrete window sill to fall.
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Figure 33. Interior of the Bullshead Bar showing the wood-frame structure. There are new wood braces (pre-earthquake) to help secure the
building during construction. Note the leaning glass and other items on the first floor that did not topple or break. The wood reinforcing frame
may have helped to keep the building from collapsing during the earthquake.

The Frontier Apartments, a composite tstory woodframed, railroad tie, and concrete building across the street from
the Bullshead Bar, survived the earthquake with only minor damage and wagagrged for general occupancy abaut
week after the event. It had 10 broken windows, numerous cracks and fractures in plaster, and a few areas were the plaster
fell off wood lathing. Three people were knocked out of their beds on the second story of this building; one of these people
estimated that one foot of displacement occurred to knock him out of bed.

Figure 34. The Frontier Apartments are in a composite wood/railroad tie/concrete building in old town that survived the earthquake fairly
well, although it had some nonstructural damage.
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Figure 35. The eastern portion of the building had racked and fallen plaster.

Damage to Concrete Block Masonry Structures

There are many concrete block masonry buildings, commonly called CMudsréte block masonry unit) in Wells. In
most instances there was no way to determine the amount of reinforcement that was or was not present. In most cases, these
structures performed well, including two concrete block buildings in old town, which aeeatljfo damaged buildings.
Most of these buildings are single story, although there are a fesstomp CMU structures in town.

There were shaking cracks in several CMU buildings, but most of these appeared to be cosmetic. There was also some
general nortsuctural damage to several of these buildings, consisting of damaged chimneys and broken windows.

Figure 36. Damaged corner of the concrete block Supp Garage.
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Figure 37. Broken concrete block brick and cracking in the upper corner of a Nevada Department of Transportation garage building in Wells.

Figure 38a. Cracking in the inside corner of a Nevada Department of Transportation garage.

Figure 38b. Close-up view of the cracking shown in figure 38a.
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Figure 39. Patched cracks in the eastern wall of the Elko County Highway Department building. Cracks are between the blocks and show
Il hf~ \'kn]”~ QRE iZmm~*kgl,

Figure 40. Southern side of the same building shown in figure 39, also showing patched cracks.
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Figure 41. Patched cracks in another concrete block masonry building at the Elko County Highway Department compound; northern wall is
shown.

Figure 42.

Damage to the concrete block front of the Ranch House. The wall behind the trees has fallen away; the wall is shown in figure
43.
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Figure 43. Failure of a concrete block wall away from the structure at the Ranch House Casino. There were a few vertical reinforcing pieces
of rebar in the wall.

Figure 44. Damage to concrete blocks under a large glulam support beam in the Wells Ward LDS church. A column of concrete should
have been poured under the beam, but the blocks were only partially filled with concrete. Photograph by Glen Palmer.
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Damage to Unreinforced Masonry  Buildings

There are approximately 16 unreinforced bmgisonry nonresiagial structures in Wells, and three other buildings
that were of composite construction that includes parts that are made of unreinforced brick, for a total of 19 brick URM or
partial brick URM buildings. All showed at least cracking and minor damagéd 2ud these buildings had major damage
(63%), most of which was failure of parts of walls and parapets. One unreinforced brick building collapsed, one partially
collapsed, and one of the composite buildings that included unreinforced brick walls peotlafyged from the earthquake
(17%); this is close to the 20% value given in FEMA (2009). The terminology of unreinforced brick versus unreinforced
masonry is used in this section because it characterizes the heavily damaged buildings in Wells, wihsmntliésnbrick.
Other types of URM construction were not comprehensively considered because of time limitations, but generally appeared
to have less damage.
There were some potential differences in the damage patterns of the unreinforced brick b#ttirgample, the
Wells City Hall and Wells Public Works buildings (both tstory buildings) had comparably less damage tharstery
buildings in the historical district. These damage differences could be due to building maintenance, building details
(number of interior walls for example), and/or differences in local site conditions that led to different characteristics of the
shaking. Preliminary measurements qfo\6hear wave velocity indicate 297 to 303 m/s for the historical district, whereas
thevebci ty measured at t he Wel lasdothérgthis voimd).] was 358 m/ s (06
The El Rancho Hotel was the only damaged composite unreinforced brick building that was occupied during the
earthquake (it is a compound metal/wood interior frame witleinforced brick outer walls). One occupant counted and
said that shaking lasted for 40 seconds on the second story of the hotel. The brick bearing walls are two wythes wide near
the top and had an uncertain width to the lower part. All the walls wetckextaand had displaced bricks and three of the
four walls had moderatsized failures of their upper parts. The people inside were uninjured, threatened more by falling
contents than by the structure, and were able to leave safely after the shaking #dppethore seconds of shaking may
have changed this, however, because some of the most severe damage to the building was near where some of the resident
were located.
There were many temporary wood columns used throughout old town to prop up failimgscand floors, to add
strength to the roof systems for snow loads and support the buildings ceftngishing the wood columns were toed in
with nails at the top and bottom and sometimes supported beams spanning in between them. In the casksbé#t: B
Bar, this interior framework replaced the interior walls that normally might have existed, but had been téomewtf the
interior wood braces that | observed had failed during the earthqtigieee$ 45 and 46). Wood bracing might be
consideed as a temporary measure for stabilizing URM buildings by engineers because it can be installed into buildings
relatively easily and inexpensively. The El Rancho Hotel had an interior wood frame; this frame supported the roof, which
did not collapse evethough the roof joists were projecting out into space in places on the sides where the wall had
collapsed away.

Figure 45. Bracing under the ceiling joist connections and roof. This example is from the Eagle Club.
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Figure 46. Interior wood bracing in the second story of the Bullshead Bar; the first story had bracing as well (figure 33).

Balconies and covered sidewalks are common around older unreinforced masonry buildings, and although the balcony
around the Bushead Bar collapsed, it might have been braced and reinforced in a manner that could have helped it survive
and possibly help protect people from falling bricks. The small balcony at the back of the Nevada Hotel stayed up and
caught most of the bricks falg from the top of the wall, as did the awning of the EI Rancho which was over a bench
(figures 47 and 48). There are sturdy covered sidewalks around construction projects in cities. There could be an
engineering analog that could be used around sones typURM buildings to help protect people from falling bricks until
the buildings are rehabilitated. Standard rehabilitation measures, such as anchoring parapets, are the ultimate goal and
covered sidewalks are not a replacement for such mitigation,hleyt rnay offer some temporary protection in the
meanwhile for some buildings that can é@nomicallyachieved by building owner3he balcony of the Bullshead Bar
that collapsed could have bebatteranchored to the buildingf it had columns put on thieuilding side and had some
lateral bracingit could havepotentially stayed up.

Utility connections around URM buildings should be protected against falling debris during earthquakes, and possible
collateral effects, such as leaking natural gasne @se of a damaged URM building there wereefalbricks near a gas
regulator, although none hit ik more protected location or a steel cage that could deflect falling bricks and help prevent
damage to the regulator might be a good tdgarotect gas tarskand connectioraround URM buildings.

In most communities in Nevada, there are at least a few unreinforced brick or masonry buildings, and in some towns
there are dozens. Until these buildings are strengthened for seismic shaking, they will likelyectintie a major part of
the damage profile from future strong earthquakes that occur in or near these communities. Some ideas for reducing the
earthquake risk of URM buildings, principally injury, property damage, and loss of use, are given in FEMA2P09).
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