quake Investigations Committee
of TCLEE and EERI. The
investigation team consisted of
eight members: A Schiff, team
leader, D. Ballantyne, A. Farah,
C. Farrar, J. McLaughlin,T.
Moore, S. Saxena, and A Tang.
The investigation was supported
by TCLEE, EERI, and the
National Center for Earthquake
Engineering Research.
A USGS team of 2 geologists
(Bob Sharp and Chris Newhall),
2 seismologists (LeifWennerberg
and John Bicknell), and 1 geological engineer (GelTy Wieczorek)
worked with the Philippine Institute of Volcanology and Seismology (PHIVOLCS) from 7/268/10 to document the natural
events and their implications for
future earthquake risk in the
Philippines and in the United
States. The team gratefully
acknowledges travel support
from USAID/OFDA, and fruitful
collaboration with PHIVOLCS
(RS. Punongbayan, Director).

We thank all contributors for
their response to our request for
material for this insert to the
Newsletter and we thank them
collectively for those photographs we have room to print.
The usual editing efforts have
been made to avoid too much
duplication internally, and to
avoid duplicating material in the
EQE report, which is a firstclass .publication.
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The team focused on fault
rupture. aftershock distribution
and character. unusual ground
response to aftershocks.
landslides and liquefaction that
resulted from the mainshock(s).
At the time of this writing. digital
seismic data (GEOS)are being
processed in Menlo Park while
PHNOLCS teams are continuing
field investigations and study of
analog seismic records. Analysis

Cojuangco Bridge approaches.
of teleseismic records by the
National Earthquake InfonI1ation Center awaits receipt of
broadband digital records from
additional stations.
PRELIMINARY

FINDINGS'

.The Philippine Fault is a major .
1200-km long. left-lateral strike
slip fault system. A M- 7.7
earthquake occurred at 4:26 PM
local time. July 16. 1990. in
central Luzon. along the
Philippine Fault and a splay of
that fault known as the Digdig
Fault. A Japan-Philippines
study before this latest event
had shown geomorphic evidence
of rupture in this area tentatlvely correlated with a
historical event in 1645. In
1973. a M-7.3 earthquake
ioccurred along another segment
of the Phlippine Fault.
2

approx1IPately 300 kIn to the
southeast.
.Up to 5 m of left-Iateral
displacement occurred along two
adjoining fault segments: a 40
kIn long segment of the
Philippine Fault between
Gabaldon and San Jose. Nueva
Ecija. and a >35 kIn long
segment of the Digdig Fault.
splaying north-ward from the
Philippine Fault near San Jose.
The northward extent of rupture
along the Digdig Fault is still
under investigation. with acceSS
hampered by numerous
landslides.
.The greatest damage to
buildings, roads, and bridges
occurred west and northwest of
the faults. The greatest shaking
damage occurred in Baguio City,
where a number of multl-story

I
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buildings collapsed. We are still
searching for strong motion
~ records from this and other
(', ~arts of Luzon. Liquefaction
occurred locally in lowland areas
ofTarlac. Pangasinan, and La
Union provinces. most notably
in Dagupan City and the towns
of Agoo and Aringay. In
Dagupan. some buildings subsided as much as 2 m and tilted
as much as 30. as a result of
liquefaction. Liquefaction also
caused collapse of the Cam1en
Bridge on an important northsouth artery .near Rosario.
Pangasinan. Lateral spreading
or slumping damaged the
approaches and footing of numerous other bridges. Tens of
thousands of shallow-seated
landslides occurred in mountainous areas. blocking road
access to Baguio. the Cagayan
Valley. and many small comrnunities. and generally hampering
rehabilitation and recovery from
the earthquake.
{A
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Further damage is expected
from new or reactivated
landslides. debris flows. and
floods. as monsoon rains and
typhoons hit the areas affected
by the earthquake. Some new

Camlen Bridge liquefaction.

landslides and debris flows have
already occurred. further
slowing the recovery.
UNRESOL VED QUES110NS

.Was rupture along the two segments a single or complex event?
PHIVOLCShas postulated that
rupture along the Philippine
Fault occurred first and was
followed by that along the Digdig
Fault.

~i
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.Was rupture along the Philippine Fault relatively slow?
Shaking damagewas remarkably slight in the epicentral area.
In many places, houses directly
astride the rupture were destroyed but neighboring houses
and minimally-reinforced concrete hollow block garden walls
were not.
.Why was damage concentrated
to the west? Part of the answer
is demographic --there is
greater population density and
development to the west. Part is
also related to local conditions
conducive to landslides and
liquefaction. However. questions
remain about the extent to
which ground shaking itself
might have been influenced by
mountainous topography. local
geologic conditions. and west ward propagation of rupture.
.Were there significant differences In ground response
between IndMdual building
sites?
.What control, in detail, did
seismic amplification, topogra phy and local site geology have
on the distqbution of landsliding
and liquefaction?

Cannen Bridge liquefaction.
3
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bridge crosses the waterway; the
remaining portion is over the
adjacent flood plane.

8
SmUCTURALDAMAGE
Throughout the areas visited
there was an unusual degree of
unifonnity in the construction of
different types of buildings, from
schools, hospitals, office
buildings, hotels and residential
structures. The vast majority of
the structures consisted of reinforced concrete beam column
frames, typically designed as
non-ductile moment frames.
They were designed according to
the Uniform Building Code,
which is the same building code
as used in California.
Magsaysay Bridge (Dugapan) liquefaction and spreading.
BRIDGE FAILURES
Damage to transportation
systems and the disruption to
communications had a significant impact on the emergency
response and recovery from the
earthquake. The loss of roads in
mountainous regions and the
loss of bridges due to liquefaction isolated Baguio for four
days, and one month after the
earthquake only one road is
open to Baguio. All ground
traffic to the northeastem part of
Luzon was restricted to a single
bridge.

1
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The Cannen Bridge on Rt.3
between Santo Tomas and San
Manual, is almost a mile long. It
consists of 13 steel truss spans,
six of which collapsed. Damage
sustained to this bridge was in
two fonns. Many of the rocker
bearings supporting the spans
were shaken out from under the
spans, dropping the ends of the
spans down, and forming steps
in the roadway of the bridge.
Several of the piers had some Up
to them and two were severely
rotated along with the Upping.
These caused the adjacent spans
to come off their piers and fall to
the ground. About a third of this

The Magsaysay bridge on North
Road in downtown Dagupan is
one of the two main bridges over
a major river that flows through
the city .Two of the six bridge
piers subsided. toppling four of
the seven spans. The other piers
have all tipped and are out of
alignment. Both abutments
sustained severedamage as the
approach fills flowed toward the
river. Emergency measures at
this site consisted of the
construction of wooden steps
and ramps across the collapsed
spans. This facilitated pedestrian traffic across the river.

In Baguio and other cities close
to the epicenter such as Agoo
and Naguilian structural damage
was associated with ground
shaking with a large vertical
component although there are
no strong motion records. In
Baguio 28 buildings were
severely damaged and several
modern hotels collapsed. In
Dagupan structural damage was
associated with foundation
failures due to liquefaction.
.

1
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Soil conditions may have
contributed to several of the
failures: however. several
factors may have contributed
damage and failures.

,
CanI1enBridge liquefaction.
4

The first is the presence of
column failures. resulting from a
lack of adherence to the
((A ~prinCiple
of designing
a strong
, column-weak
beam system.

A second frequently occurring
situation is the installation of infill. typically 4" thick concrete
block walls. in the space
between the beams and the
columns. Often there is a break
in the wall for a row of windows.
Several resultant short column
failures were observed. At these
locations there were no closely
spaced column rebar ties and
consequently very little ductility
so that a column rapidly lost its
stiffness and the load was then
passed to the remaining column
lines. From a brief review of the
building plans in City Hall there
has been sQmedetailing of closely spaced ties at these loCations.
although in practice we did not
observethe installation of closely
spaced ties. such as 4" on cenI(. ter. as called for on some of the
\'\Wbuilding plans. These columns
were severely overloaded because of the earlier failure of the
columns adjacent to the in-fill
walls; consequently a collapse
mechanism tended to form.

WATER AND WASTE WATER
SYSTEMS

Nearly all water supply in the
impacted area is from ground
water. The Local Water Utilities
Mministration, LWUA. has
responsibility for water supply
throughout the Philippines
outside Manila. A typhoon hit
northem Luzon immediately
following the earthquake so that
rain runoff made pipeline leak
detection difficult. In Baguio,
which was totally without piped
water for four days, the rain also
allowed residents to collect
drinking water .
BAGUIO WATER

Pump motor burn out was attributed to voltage fluctuation and
sanding. A total of 8 of 35
submersible pump/motors
required replacement during the
month following the earthquake.
Baguio's 35 wells depend on 30

pole-mounted and 5 groundmounted transfonI1ers for power.
Of these, five poles collapsed
and one ground-mounted transfonI1er overturned. Commercial
power was intenI1ittent for two
to three weeks after the
earthquake and 13 of 35 wells
had no power a month after the
earthquake. One month
following the earthquake, 35
percent of Baguio was still
without water supply.
The Kilometer Eight Treatment
Plant concrete bafl1e walls. with
minimal reinforcing in the sedimentation basins. collapsed. A
preliminary estimate of pipeline
damage indicates 200 pipeline
failures occurred in the system
of 80 kIn of pipe. Because of the
extensive permanent ground
defonnation from lateral spread
and slides. better perfonnance of
one type of pipe over another
was not identified.

A third issue is that the
columns' rebar ties were not
adequately hooked. Often a 90
degree hook was constructed
rather than a larger bend that is
required by the code to confine
the column steel. Consequently
there is further reduction of
ductility development and resilience in these column hinges.
In several failed columns bundled rebar was also observed.

It was reported that several of
the severely damaged or collapsed buildings had been damaged during a previous earthquake in 1985. Effective repairs
(:(II had not been completed before
the subject earthquake. adding
to the structural vulnerability .
Rebar detail1n Baguio.
5
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In other regions the loss of
power dIsrupted many water
systems. Dagupan was without
any power for one day. following
which it was restored on a
rotation basis. The Dagupan
Water DIstrict had two emergency generators. Wells were
heavily damaged in all three
geographic areas. probably to a
greater extent than what has
been documented in any previous earthquake. Well casings
were offset from lateral spread in
Dagupan (5 of 17 wells) and
Agoo ( 1 of 2 wells) making them
inoperable. In Agoo. the one
remaining well's capacity was
reduced by one half.

Concrete elevated tanks, found
in most systems on the plain,
cracked and in Pozzorubio offset
10 cm at the base. The concrete
elevated tank design is similar to
a standpipe with the tank
bottom located three-quarters
up from the base. The new
concrete elevated tank in
Cabanatuan was undamaged.
At least three steel elevated
tanks collapsed. Many elevated
steel tanks performed well, even
in Baguio where ground motion
appeared to be the highest.
Concrete tanks at grade were
not damaged except for
connecting piping. There were
no steel standpipes identified in
the impacted area.
~i

BAGUIO CrrY

Baguio City .with a population
over 200.000. is located in a
mountainous region about 30
miles from the causal fault and
was the most severely impacted
city. All three roads into the city
were closed for four days due to
landslides. A month after the
earthquake only one road had
been reopened and several sections were reduced to single lane
traffic. While damage to power
and communications systems
was not severe. the difficulty in
getting replacement parts
resulted in the loss of power for
several days and the loss of
communications for four days.

Damage to roads and bridges
limited access to the northwestem part of the Island of Luzon
to a single bridge, creating
severe traffic problems. Many
bridges had soil behind the
abutments settle creating a large
step in the roadway. Lateral
spreading associated with liquefaction caused abutments to
move towards the center of
rivers. This cause lateral loads
on piers and many piers lost
foundations due to liquefaction
allowing them to tilt and drop
the spans that they were
supporting.

The water supply in the 1mpacted areas is primarily ground
water. There was widespread
damage to wells due to defonnations caused by liquefaction.
sanding of wells. and damage to
pumps due to fluctuations in
voltage in commercial power. In
Baguio. one month after the
earthquake only 22 of 35 wells
were operational. Unavailability
of power is the major cause for
disruption. Large areas of liquefaction and subsidence caused
extensive damage to the water
distribution system. A major

Pipeline damage resulted primarlly from liquefaction and
lateral spread in the plain and
coastal areas. and from landslide in Baguio. In Dagupan, 12
out of 30 kIn of pipe must be replaced because of the extensive
liquefaction-induced displacement. Central water distribution
points were set up in areas
without water. In Agoo. 17 pipe
failures occurred in their twomonth-old 1.5-kIn long system.
Many of the failures in Agoo
were from compression resulting
in splitting the PVC pipe bells.

Several modern engineered
structures. designed to the UBC
building code. collapsed in
Baguio. Factors that may have
contributed to some of these
.
failures were foundation damage 1
due to liquefaction or subsidence. the use of concrete block
filler walls topped by a row of
windows creating a short column effect. inadequatelyspaced and sized ties confining
columns. the presence of strong
beam and weak columns, and
detailing of rebar .

~"
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Dugapan liquefaction.

Acquisition of repair materials
6
If

problem in restoration of water
systems is the lack of funds to
get materials and make contracts. The disruption of service e
has also reduced revenues.

was a major problem following
the earthquake.

~)

now inverted and adjacent to the
tower on the ground. having
been knocked off during the
earthquake and crushing a car
parked next to the tower. The
old control tower. a wooden
frame structure. was not
severely damaged and was put
back into seIVice. The airport
played an important role in the
emergency response after the
earthquake as It was the only
way to get into the area.

(()

In Dagupan. a coastal city. there
was extensive liquefaction in an
area about four blocks by six
blocks. Three and four-stoIY
structures settled as much as
two meters. Many of these
buildings settled uniformly so
that the ground floor was
excavated and the buildings
were reoccupied.
SAN FERNANDO
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Spreading and tilting at Baguio airport.
BAGUIO AIRPORr

The airport was the only physical11nk for the community to the
rest of the country for four days
until one of the three roads con necting it to other communities
was put back into seIVice. The
Baguio Airport has a single
1680 m-long concrete runway
which was carved out of the very
mountainous terrain that
characterized the Baguio region.
There are three tenIlinal buildings, fire station, and old and
new control towers. The airport
normally operates only during
daylight hours as the runway is
unlit.

(
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The earthquake caused severe
cracking across the runway.
about 1200 feet from its west
end. with blocks separating and
~shifting so that there were
cracks and vertical offset as
large as a foot. The remaining
3800 feet of the runway east of
the cracked section was not

seriously affected by the earthquake although small cracks
(about 2 inches) and shifting did
occur at some construction
joints. The concrete runway is
about 8" to 10" thick with
smooth and deforn1ednumber 8
rebar at construction joints. The
east 3800 feet of the runway
could be used and us military
crews were flown in on the day
following the earthquake to effect repairs. With these repairs.
the usable length of the runway
was extended to 4800 feet.
The most easterly airport
structure. located just adjacent
to a slope of a stream running
behind the structure. settled
unifonnly across the structure
about a foot and a half relative
to the adjacent structures.
which also appeared to have
settled slightly .
The pew airport control tower
lost the windows and a heavy
concrete roof slab. The slab is
7

AREA

The Port of San Femando is
located approximately 270 kIn
north of Manila and Is the only
commercIal port on the northwest coast of Luzon. This port
consists of eight warehouses and
five pIers that handle bulk dry
goods and petroleum products.
All facilItles sustained some
damage. As of July 20. replacement/repair costs were estimated at 3.3 mU1IonU.S. dollars
(24 PhilIppine Pesos / 1 U .S.
Dollar) .
Government Pier No. 1 has a
concrete deck supported by concrete piles. A 2 foot gap opened
in the concrete deck near the
entrance to the pier and rebar in
the deck fractured at this location. There was extensive cracking at many other locations on
the deck and in the concrete
approach to the pier. At the piledeck interfaces extensive cracking at the tops of the piles
exposed the rebar. Damage to
the piles was more extensive on
the sea side of the 2 foot crack
in the deck. PIles in this area
had their cross-sectional area

~

eralleaks at pipe flanges. which
were stopped by tightening the
flange bolts. All tanks were flat
~,
bottom. unanchored and set on I
a prepared site with no ring
foundation or concrete mat.
Many of the tanks settled with a
maximum settlement from 8" to
12". None of the tanks had
elephant foot type buckling.
Two tanks appeared to be slightly buckled due to differential
settlement. although the original
state of the tank is not known.

San Fernando:

pre-earthquake

corrosion.

reduced almost in half at the
pile-deck interface. However.
extensive corrosion in the
exposed rebar indicates that
much of this damage occurred
some time prior to the July 16
earthquake. Damage reports
from the port stated that the
piles deflected an average of
about 3 ft. towards the sea.

connect them to the piers at the
port. The pipelines are 6"
schedule 40 pipe and are buried
in sand 2 to 3 feet deep. They
were no breaks in the pipeline
but there were numerous leaks
at flanges. The first shipment of
petroleum products to come into
the port was about 3 weeks after
the earthquake.

The coal pier also displaced
towards the sea causing the
concrete deck approach to
collapse, gaps to open in what
appeared to be construction
joints in the deck, piping to leak.
and minor damage to the coal
conveyor. Similar damage was
noted in the report concerning
the PHILEX pier.

Two tank fanns were visited with
a total of 14 storage tanks and a
maximum capacity of 53,000
bbls. There were no pipe breaks
on the sites but there were sev-

One of the most striking impacts
of the earthquake at the CALTEX
site was the extensive lateral
spreading and subsidence that
occurred. Defonnation in one
pipe run indicated that the
lateral spread across the site
was 33". There were many indications of lateral spreading and
subsidence throughout the site.
Several of the tanks were tilted
and the maxirnum differential
settlement observed across the
base was 6".

.,!~

DAGUPAN

In the Dagupan ar~a several gas
stations were obseIVedwith their
large gas storage tanks risen to
the surface. These tanks
floated up when the soil in

Cracks. averaging about 2
inches. were observed about
every 60 feet in the concrete dike
facing the harbor between
Government Pier No. 1 and the
coal pier. They appeared to be
due to lateral spreading between
the two piers.

Several oil companies had tank
farms near the port that seIVe as
a dIstribution center for oil
products for the northeastern
part of the island of Luzon. The
tank farms are served by two
pipelines. about a mile long. that

e!
Road delays.
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which they were buried liquefied.
Concrete slabs covering the
tanks buckled up as much as
.At the time of the
,
visit. the tanks had been
removed from the ground and
the holes from which they were
removed had been filled.
Gas stations in Dagupan were
also getting their products
trucked in from Manila rather
than from San Fernando.
EFFECTS ON INDUS1RY
The economy of central Luzon,
where the earthquake affects
were greatest. is based primarily
on agriculture. The area heavily
shaken by the July 16 earthquake contains only a few
regions of heavy industry.
The most heavily damaged area
near the city of Baguio happens
to be one of the few centers of
industry as well as tourism. The
!(I)
mountains
surrounding
Baguio
" ' include several
large mining
operations. some of which
reported structural damage from
the earthquake. In the days
immediately following the
earthquake. the mines were not
accessible due to landslides
blocking the roads.

employer in the city. The smaller plant manufactures electronic controllers for aircraft
hydraulic actuators.
The integrated circuits plant
includes several one- and twostory concrete frame buildings
which had minor structural
damage. Most structural damage was caused by settlement of
filled soil along the periphery of
the buildings. Soil failure fractured buried piping. including
fIre water mains serving the
buildings. Inside the buildings,
unanchored equipment slid as
much as 1/2 meter. tearing
attached conduit. piping. and
ducts. FJxtures suspended from
ceilings. such as rod-hung piping. ducts. diffusers. light
fixtures. and T -bar supported
ceiling panels. fell throughout
the complex. It appeared that 23 weeks would be required
before normal operations could
be resumed.
The hydraulic controllers plant
experienced similar problems.
although to a milder degree. The
plant includes two one-stoIY
concrete frame buildings with
masonry in-fill walls. One
structure suffered severe

Most industrial operations near
Baguio are located in the Export
Processing Zone (EPZ), near the
city airport. The EPZ includes
warehouses and light manufacturing operations, housed in
low-rise concrete frame buildings. Within the EPZ, a total of
five concrete frame buildings
collapsed, reportedly trapping
several hundred workers in the
ruins. One collapsed building, a
storehouse for plastic resin,
caught fire the day following the
earthquake.
gThe EPZ includes two large manufacturing operations for electronic components. The larger
plant manufactures integrated
circuits, and is the largest single

spalling and cracking in columns and adjacent in-fill walls
at the building comers. The
other structure was essentially
undamaged. The difference in
building perfonnance may relate
to the damaged building's localion toward the downhill side of
the site. apparently on filled soil.
The damaged building suffered
wholesale collapse of suspended
ceiling fixtures. compared to
minor effects in the undamaged
building.
Equipment inside the buildings
slid several inches. and in a few
instances overturned. However.
because most attachments to
equipment had adequate slack
to accommodate small displacements. damage was generally
minimal. It appeared that the
facility could return to normal
operation within about two
weeks of the earthquake.
In general. adverse earthquake
effects to industry consisted
prirnarily of damage to building
structures. including several
tragic collapses. Less severe
effects leading to business interruption included equipment sliding. and falling ceiling-mounted
fixtures. resulting in some
instances in fractured utility
connections such as piping.
Perhaps the greatest long term
effect on industry will not be
direct damage. but indirect effects due to closure of highways
throughout central Luzon. from
landslides and bridge failures. It
appears that the normal road
transport system for raw materials. products. and personnel.
would be disrupted for months.
CASUAL11ES

Road bed failure.

The earthquake claimed over
1,600 lives. Building and soil
failure accounted for most
fatalities and serious injuries.
Fatalities and serious injuries
were concentrated in areas of
heaviest structural damage and
landslides. For example, in

Baguio City. where dozens of
multi-stoIY engineered structures were severely damaged.
hospitals and funeral parlors
received 959 cases (612 injured
survivors and 347 deaths) by
July 21. Hundreds more were
listed as missing inside
collapsed buildings. Multi-stoIY
hotel, school. office. and factoIY
buildings were the sites of major
casualties. In Baguio City
(approximately 200.000 population) twenty-sevefl modern. engineered, reinforced concrete
structures experienced total or
partial collapse. Other fatalities
occurred at low-rise structures.
such as schools, when unreinforced masonry infill walls
collapsed. Conversely, less than
forty fatalities, but hundreds of
minor injuries, were confirmed
in Pagasinan Province in spite of
serious liquefaction damage to
hundreds of structures.
Landslides buried villages and
clustered hillside houses and
swept cars and buses off heavily
traveled roads into ravines,
causing many casualties in the
mountainous Benguet and
Nueva Vizcaya Provinces.
Fatalities and injuries from
these areas, when tallied, will
greatly increase the official
casualty totals.
Casualties were extremely light
in Manila.
SEARCH AND RESCUE
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Baguio, Cabanatuan, and Agoo
were the major sites oforganized search and rescue activities. Predictably, the bulk of
rescues were made by fellow
building occupants and local
rescue personnel. In Baguio,
local gold and copper miners,
and Philippine Military Academy
cadets arrived quickly to shore
up and search collapsed buildings. In Cabanatuan, staff, students, and parents made most of
the rescues in a collapsed sixstory school building. Lack of

~

Luzon

training and equipment hampered local rescuers. Philippine
and U.S. military personnel
(from Subic Bay and ClarkAFB)
later arrived in Cabanatuan with
heavy equipment.
The Philippine earthquake
underscores the need to examine
the utllityand role (other than
symbolic) of foreign rescue
teams. Typical of past earthquakes. foreign search and
rescue specialists including
teams from the U.S.. England.
and Japan arrived too late to
make a difference. For example.
the U.S. DARrTeam rescued
one survivor at the cost of
$400.000. In this earthquake.
the foreign teams also broke off
and left too soon. Local miners
rescued survivors from the
collapsed Hyatt Hotel ahnost two
weeks after the earthquakes and
long after the US and other
teams had given up and pulled
out. Clearly .future foreign
assistance should be directed at
improving local search and
rescue capabilities.
HEALTH CARE SYSTEM
RESPONSE

The earthquake left the Philippine health care system largely
intact. However. the perception
of damage among hospital staff
members and the fear of subsequent aftershock damage caused
significant service disruption.
10
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No hospitals collapsed. The 100
bed Dona Gregoria Memorial
Hospital in La Union Province
was the only provincial hospital
suffering significant structural
damage and may require
replacement. Several 10 and 25
bed facilities also had some
localized structural damage.
Only one major Manila hospital
suffered localized structural
damage forcing the transfer of
some patients.
Several large hospitals in Baguio
and smaller facilities elsewhere
evacuated patients and staff and
remained operating on lawns
and in parking lots even after
they were certified as safe by
structural engineers.
Extensive damage to oxygen
tanks. which are mobile and
unrestrained. in Philippine
facilities. prompted emergency
requests for gauges to replace
those broken when the cylinders
toppled.
The emergency medical response
was hampered by lack of
communications in the first five
days. and impaired accessibility
to the striken areas. Helicopters
and light planes were able to deliver some supplies immediately
to Baguio. However. runway
.
and control tower damage minimized use by larger aircraft for
four days. Bridge and road failures severed vital arteries in the
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low-lying areas as well hampering emergencyresponse and
relief efforts. Fortunately for
~BaguIo. the staffs of four major
3 hospItals were available to
respond to the emergency.The
city also served as a regIonal
medIcal supply depot so drugs
and medications were abundant.
Major hospItals in Manila
suffered little structural damage
and served as a transfer point
for the seriously Injured. As of
July 23. 44 patients had been
air-lifted by helIcopter from the
damaged area (36 from BaguIo).
The injury situation in the
mountains to the northeast of
Baguio is more ominous. Ten
days after the earthquake. there
still had not been a good assessment of damage and casualties
in these rural areas cut off by
landslides.
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Iuespectlve of damage to their
homes, many, fearing after\,\ShOCks,chose to set up tempora:\ IJxy shelters outside or in nearby
parks. Persistent rains, and
interrupted water and sewage
service made life in these tent
cities miserable and created
dismal sanitary conditions for
thousands of homeless families.
Despite the potential for serious
epidemics, rumors to this effect,
and widespread public concern,
health authorities responded
successfully and no maj or
outbreaks were verified.

a

Cojuangco Bridge approaches.
LONG TERM IMPACTS

JAPANESE INVESTIGATION

Dagupan City (population
120,000) lost about 55% of its
central business district when
this area sunk three meters due
to liquefaction. Plans for relocating much of the affected area
are under discussion. Baguio
City , a vacation center, lost
many of its largest hotels. While
one road into Baguio was open
intermittently, the other three
arteries are closed for a minimum of four to six months.
Reconstruction in the higher
elevations will be further hampered as earthquake and rain
weakened slopes continue to fail.
Depression, post-traumatic
stress disorder, and other
emotional problems will be
pervasive long-term health
impacts during the recovery
period.

On August 4 a group of 14
Japanese researchers from
universities and construction
companies (6 from universities
and 8 from companies: 10 structural engineers. 2 geotechnical
engineers. and 2 civil engineers)
left Narita.
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Repair work.
11

On August 6. they investigated
damage in Baguio in four
groups. At City Hall. the structural drawings of 9 damaged
(collapsed) buildings were seen.
The drawings of the Hyatt Tower
were missing. but the structural
drawings of the Hyatt Terraces
were present. There was not
time to study the drawings and
calculations in detail. but the
base shear coefficients were
generally between 0.05 to 0.10.
The building code was adapted
from the UBC. The structural
factor K was 0.67. There were
no calculations with structural
walls. In the drawings of one
hotel. beam bottom reinforcement was anchored for gravity
loading conditions (straight
anchorages in external beamcolumn jOints) .The spacing of
stirrups and ties was nonnally
at 100 mm o.c. at the member
ends (approximately 3/4 of the
member depth) and was
increased to 200 mm to 250 mm
o.c. toward the center. The
lateral reinforcement in the
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beam-column jOint was specified
minimal (one to two ties). The
concrete strength was normally
3,000 psi, and the steel strength
varied from 40,000 to 50,000
psi. In most cases, span lengths
were 4.5 to 6.0 m, and more
than 12 m if prestressing were
used.
The typical failure modes in this
earthquake were
( I) failure in bearn-colurnn
joints
caused by no or little lateral
reinforcement
in the joint (both
interior and exterior) .

(2) shear failure of columns at
their mid-height caused by wide
spacing (tyPically 6 rnrn bars at
300 mm o.c.) of shear
reinforcement with 90 degree
bends at the ,ends.
(3) the interaction of nonstructural walls (of slightly
reinforced hollow blocks) with
reinforced concrete columns.
making short columns.

(4) shear failure at the column
base because column
reinforcement was spliced at the
bottom of the column.
The structural walls should have
been utilized to reduce the
structural deformation.

LA TRINIDAD

A building under construction
on the Benguet State University
campus was severely damaged
especially in the beam-column
joints. and in the soft first story
mechanism. The Justice Hall in
Bauang appeared severely
damaged from the outside. but a
careful inspection revealed that
the damage was mainly concentrated in non-structural partitions and windows. Very little
damage occurred in structural
members.

In the city of Dagupan many
buildings tilted and sank from
liquefaction. Very little
structural damage was observed
except for collision of the tilting
buildings. The roads in the town
were covered with fme greenish
sands. In one building. the
ground floor was lifted almost 50
cm at the mid-span when the
building sank. The base of the
exterior first story columns
moved because there were no tie
beams.

AGOO
Buildings in Don Mariano
Marcos Memorial University
were severely damaged: one
stadium under construction in
beam-columnjoints;
one dom1i-

tory at the bottom of the second
story because no reinforced
concrete girder existed at the
roof level (timber trusses were
constructed in the transverse
direction to support the roof
with small connections at the
top of the second story
columns); and the library building with shear failure of columns
shortened by non-structural
block walls. The Agoo Building
Center building (3 stories) and
its storage facility collapsed.
The Agoo Public Market building
(two stories, seven spans in the
longitudinal direction and four
spans in the transverse direction) failed in the first story side
sway mechanism. The building
had two structural reinforced
concrete walls at every span, but
failed in the longitudinal
direction caused by shear failure
in the first-story columns.
DIGDIG
Faulting was observed at Digdig
(north

of

Cabanatuan

Dugapan l1quefactiOn.
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and

San

Jose). One offset at Digdig was
3.5 m horizontal movement
marked on the paved highway.
According to a seismologist from
Kyoto University .a fault offset of
this sIze is not often seen on the
ground surface. and he wished
to buy the land to preserve the
evidence !!

There were many undamaged
engineered buildings: Le., the
performance of Mt. Crest Hotel
(a prestressed precast concrete
building) was superb. The
resident engineer of the hotel
had a set of structural drawings
which showed a few cases in
which the beam reinforcement
was anchored outside of the
column cage.
A geotechnical group visited Sto.
Thomas (the whole village sank
during the earthquake) and
Dagupan (one third of the town
was liquefied. causing
settlement and tilting of
buildings) .
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