THE LUZON EARTHQUAKES OF AUGUST 2, 1968
AND APRIL 7, 1970

by
A, R. Flores x

SYNOPSIS
Manila, the commercial and cultural center of the Philippines, was

jolted by the Luzon Earthquake of Intensity RF-7.3 on August 2, 1968
causing the collapse of a 8-story building killing 322 persons, injuring
about 300 and damaging more than 30 buildings. Another shock with Inten-
sity BF-7.2 on April 7, 1970 caused the collapse of a schoolhouse without
any casualty but killed 14 in other places and damaged several buildings
including some affected in 1968. Again on April 26 and May 22, 1972
earthquakes of same Intensity RF-6 jolted Manila with negligible damages.
The disastera prompted the approval of a National Building Code.

INTRODUCTION
The Republic of the Philippines lies along the Circum-Pacific Earth-

quake Belt and is crias~crossed by fault lines (Fig. Ne.1). Manila, the
commercial and cultural center, located at the Manila Bay of Luzon Island,
has been the victim of much destruction due to its critical location at
the mouth of the Pasig River. Records show that since 1589 to 1899 dama-
ging earthquakes with Intensities RF-6 and above occurred once in 15
years, and since 1800, once every 35 years. The recent Luzon Earthquake
of August 2, 1968 with Intensity RF-7.3, epicenter 230 Kms., N 43° E from
Manila, triggered the collapse of the Ruby Tower killing 322 persons,
wounding about 300, and damaged more than 30 buildings. Anothe‘l; shock on
April 7, 1970 with Intensity RF-7.2, epicenter 165 Kms., N 42,5 E from
Manila, damaged also few buildings including some still undergoing re-
pairs. The people have developed such seismic phobia that lighter shocks
of Intensity RF-6 on April 26 and May 22, 1972 scared them again running
down stairways and away from buildings.

GEOLOGY OF THE AREA

Manila covers a reclaimed area where the alluvial soil is underlain
by volcanic tuff which rises in elevation towards the east. The top
stratum of loose sand and silt with a thickness of 5 to 10 meters is un-
derlain by a layer comsisting of organic clay and silt with celor varying
frem dark grey to black as the depth increases from 15 to 25 meters. The
next layer of grayish stiff clay with silt and good compaction is volca-
nic tuff (locally called "adche") with the thickness sometimes extending

to more than 100 metera.

GROUND PREDOMINANT PERIOD
Microtremor measurements conducted by the Team of UNESCO Consultants
composed of S, Omote, chairman, and Y. Osawa, I. Skinner and Y. Yoshimi

I Professor, Univ. of Sto. Tomas; Consulting Civil-Structural Engineer;
BSCE; F.ASCE; ASEP; NCSEEP
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as members, at the locatien of severely damaged buildings with heights
ranging from 6 floors to 8 floers with the exceptien of one (11 fleors)
showved that where the ground is seft and thick alluvium, the predominant
period is 0.48 second, but where adobe is mear the surfaee or the soft
layer is thin, and the period varies from 0.20 to 0.30 secends, the dama-

ges are minor,

OBSERVATIONS ON DAMAGES

Fig. No. 2 shows the location of buildings damaged in 1968 and 1970
- all within the alluvial area, predominantly on the congested area north
of the Pasig River. They are gemerally of reinforced eoncrete comstrue-
tion with masonry bleck partitiens. The various degrees of damages may
be classified into: (1) Total failure or impending collapse due to buck-
ling of columns and shear failure in beams such as the Ruby Tower, the
Pedro Guevara Elementary Sehool and the Philippine Bar Association Bldg.;
(2) Moderate damages due to cracks in the columns and beams at their in-
tersections, cross—cracks in wall panels, shear cracks along comstruction
joints, cracks in partitions and at cormers of doers and windows with
planes oriented along the seismic waves in about 60% of the damaged buil-
dings. (3) Light damages, usually architectural, such as plaster cracks,
removal of tile and/or marble finishes, breakage of glasing amd wision
glasses, and hammering of adjacent buildings. It might be mentiomed here
that there were many other buildings with architectural damages, but
never reported officially.

CAUSES OF FAILURE

An investigation of the structural mewbers of damaged structures and
of the Plans and Design Analyses showed that the causes ef failures ceuld
be attributed to: (1) Inadequacy of design ~ either failure of design
concept of the structure and/or failure to consider the effects of late-
ral forces and comsequential torsion - a respomnsibility of the Designinmg
Professional. (2) Lack of ductility im the columns and beams due to the
absence of adequate ties and spirals of columns at the jumction with
beams - either due to the Designer's neglect or omission by the Contrac-
tor. (3) Poor quality of cencrete and improper placement of reinforeing
bars, poor workmanship and lack ef supervision - the responsibility eof
the Contractor.

DAMAGED BUIIDINGS -

(1) The RUBY TUWER - Collapsed on August 2, 1968 — Design and Cons-
truction Failure. This 6-story reinforced concrete building is 30 M.
vide by 45.5 M. long by 20.5 M. high. The framework is of the beam and
slab type with a party line (shear) wall at the rear. Every other in-
terior row of beams is cut by skylights or stairs along every other span
in both orthogonic directiens. Long colummns along the two fromt rows of
columns led to buckling. Ground fleoor columns were subjeeted to moments
due to torsion of framework and the eccentricity with peripheral feunda-’
tions without tie beams. Poor concrete materials and workmanship com-
plemented design errors which finally led to eollapse like a deck of
cards, killing 322 persons and injuring more than 300. As of today,
there is a court litigation on the “ecriminal liability" aspect, the
"civil liability" aspect of which has been settled amicably out of court.
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(2) The PHILIPPINE BAR ASSOCIATION (PBA) - Damaged on Anmgust 2,
1968 and April 7, 1870 - Comstructien Failure. This buildimg is pre-
semtly the subject of a judicial case - the Owmer versus the Cemtraster
and the Centractor veraws both the Owmer and the Arehiteect. It is 17.8
M, vide by 39.2 M. lomg by 22.8 M. high. The framewerk is of the beam
snd slab type with a party line (sbear) wall at the rear, causimg tersiea
vhen subjected to lateral forces. Failure was due to bucklimg of tem
(10) exterior amd two (2) imterier columns fer to lack of spirals amd
ties at the groumd floor and below the secemd fieer and the constructiem
defieiencies as indicated by fractures at constructieon jeinmts and hellew
or veids in colusms and improper placement of bars causing the building
to lurch forward amd rotate in 1968. Becsuse me repairs were made due
to court litigation, it was further dameged im 1870. The Owner, fearful
of any mementary failere and the correspomdimg liebility, decided te
demolish the building witheut prejudice to the presecution ef the ecourt
case. The Court penalized jointly and solidarily the Architect amd Com-
tractor in the amount of P90Q,000 representing the eest of repairs plus
interest. The decision iz presently under appeal.

(3) The TUASON REALTY BUILDING ~ Damaged Amgust 2, 1968. This 5-
story office building had four of its columns badly cracked at the groumd
level, one at the secend floor, and ome at the third floor, which is a
continuation of one damaged at the groumd floor at the cemter of the
building. Exterior walls, mmllions, steir walls, ceramic and gless block
walls and glass panels were so badly oracked obviously due to torsiem.
The Owner, after having collected 235,000 from the Insurance, decided
to demolish the structure to give way to a mewer and taller building,
but the area is presently used as a parking space.

24) The FILIPINAS INSURANCE (FI) and (5) The TRADERS COMMERCIAL
BANK (ICB) are contiguous buildings in ome bleck. FI, a 40-year old
building, auffered cracks in exterior, stair amd elevator walla. Wooden
trusses vhich sagged damgerously due to hammering of its party line walls
against that of the TCB were removed. Up to now, the building is meb: re«
paired. The TCB, a 50-year old, 7-story reinforced concrete building
suffered in 1968 serious cross—cracks in exterier wall panels, stair and
elevator walls; columns and beams around a skylight were badly ecraeked
due to the discontimmity of four (4) columms at the basement which was
used as a parking area. The reinforced concrete rigid frames of the
Mansard Roof were cracked and demolished. Bepairs and remodelling were
being undertaken omly to be hit again in 1970, increasing crack ferma-
tion in the walls., Then in July, 1972 shortly after the April and May
shocks, a fire at the third fleor allegedly started by some short-
circuit burned falsework, steel window panes, and spalled all newly plas-
tered ceilings and walls leaving a black surface where the epexy bonding
compound was used. The reconstruction is still undervay, but stringenmt
financing may see its completien by June, 1873, |

(5) ARANETA ~ TUASON BUILDING. This is an 8-stery reinforced con-
crete building on pile foundation adjacent to an elder 5-story reinferced
concrete structure with a mat foundation. Damages consisted of wall
cracks at cormers of wimdows at the ground, mezzanine, second floor, firem
the 4th to the 8th floors, and at the junction of the two structures.
The taller building leaned 4 cm. to the east while the other ene leaned
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8 em. in the eppesite direction. Again, the fromt of the taller uwmit is
lever by 9 em. than the rear. No damages were reperted in 1970 and 1972,

(7) OLD PHILIPPINE NATIONAL BAMK (OLD PNB). This is a 55-year old
T-stery building facimg Escolta St. with the rear at the street along
the Pasig River bank. Built over an e]d foundation allegedly inadequate
for 7 fleors, it received seriocus damages in colummns and beams, eracked
partitions and walls especially at the fromt and rear as well as junctier
of wings. The building was fimally demolished. Along Esesclta St., a ome
d¢stery building of light materials has been erected at the site for
business remtal.

(8) BOTICA BOIE (Presemily Pecples Bank ami Trust Co.). This 7-
atery reimforced comerete building east of and adjacemt to the preceding
buildimg used to house the biggest drug store im the Philippimes. In
1968, party line walls at the SW side and SE end caused torsional stres-
sos that eracked walls alomg the twe other faces, elevater and stair
walle, breaking fleer tiles, vision glasses and several hundreds of glass
hellew blecks. Craeks were repaired, but more appeared im 1970 especial-
ly aleng the NW-SE oriented walls. Ne damasge was reported im 1972,

(9) OLD DEVELOPMENT BANK OF THE PHILIPPINES (OLD DBP). This 20-
year old, 8-story reinforced concrete building om pile foundation beside
the Pasig Biver was cracked in 1988 im interier walls, stairwalls and in
few beams and columms, especially the exterior walls with media aguas
frem the fifth to the eighth floor. The media aguas were removed to
lighten the load and ne comsequential damages were incurred im 1970 amd
1972,

(10) MANILA BANKING CORPORATION. This 8-story effice buildimg is
located at the baeck of the OLD DBP, using the same foundatien of a buil~
ding (the former Heacock) damaged in 1937 due to constructien defects
that resulted in buekling of columns. Damages were similar te the OLD
DBP above, including removal of marble finmish anmd shattered glazing.
There were few cracks in 1970, but nome reperted in 1972.

(11) AIOHA THEATER AND PREMIER HDTEL. This 8-story building tapers
in plan to the south. Failure started with the collapse of a few shert
columns near the south end at the fourth floor due to torsion anl spread
out te the narrow southern end which tilted so badly that it looked it
vould cellapse anytime. Democlition was started immediately after the
damage and recomstruction executed with the height of the south end re-
duced to four (4) floors. The 1970 and 1972 earthquakes caused no struc-
tural damage.

(12) LIWAYWAY HOTEL. This 9~story reinforced conerete building was
built in 1935 befere the City Council of Manila passed the regulations
requiring aseismic design for buildings with heights above 30 M. Dama-
ges in 1968 were the split columns at the arcade revealing poor econcrete
and cracked beams due to shear from the second to the fifth floer. The
wvest vall and the beams, more or less parallel to the primary waves,
suffered very severe damages due to shear. Partitions and floors were
eracked, vhile ceiling lightimg fixtures were destroyed. The 1970 earth-
quake caused cracks alomg the south and north walls, but mene in 1972.
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(13) LA TONDENA BUILDING. This is an S8~story reinferced comerete
building supported by prestressed comcrete piles 33 M. te 35 M. leng.
The framework has a ene-bay width of 18,0 M, with a total lemgth of
32.5 M. (5 bays at 6.50 M.), and the height of 30.40 M. The morth-west
end has solid shear walls enclosimg a stairwell while the southeasst end
wall is separated imto two by a stair window opening 4.850 M. wide. The
transverse girder spamning the window and the mext two supporting the
vault were badly cracked and the effect spread to adjacent walls.

The transverse bents are oriented more or less im the directiom !E-
SW to the epicemnter of the earthquake shock in 1968 and, surprisingly,
in the 1970 shock, the cracks produced in 1968 were mot materially em-
larged, but instead the longitwudinal side walls were the omes eracked
giving proof that the direction of the vaves im 1970 was NW-SE, as was
also indicated in the Botica Boie and other buildimgs. A

The structure is situated in a peninsular area where the alluvium
soil is so deep that the lemgth of piles exceeded the building height.
There were mo batter piles so that sway reached damaging proportions.
It was reinforced by placing pew shear walls with batter piles at the
ends designed to absorb all lateral shears at a cost that reached almest
P1,000,000 including architectural remodellimg. It remains to be preven
whether the remedial measures adepted are effective.

(14) FAR EASTERN UNIVERSITY (FEU) ARTS BUILDING. This Z-shaped 7-
story reinforced comcrete building is near the Clare M. Recto Underpass
with the north end of the east flange occupying an area beside am estero
with a drain pipe that was partly filled up towvards the Underpass.

Damages were in the form of cracks in the transverse beams at the
junction with columms, shear cracks in imterior reinferced comerete walls
elevator and end walls along dirty construction joints, and the falling
dewn of concrete hollew bleck walls which served as partitioms between
classrooms due to lack ef anchorage to the beams above and the toppling
dowvn of the ceramic block parapet for lack of anchorage to the roof slab,
On top of the above damages, fire ensued at the laboratory area. The
side of the building parallel to the estero settled down 15 cms., probab-
ly due to the outflow of fimes through the estere during pumping opera-
tiens when the Underpass was being constructed. The framework was de-~
signed for seiammic forces aceording to the local Buildimg Ordinance of
Manila and the U.S. Uniform Building Code. Failure was ebviously due to
the poor concrete, dirty comstruction joimts, poer workmanship and lask
of supervision. The Owners removed the upper twe (2) floors and cem-
pletely demolished the east wing used as the stair hallway. The Owners
vere claiming a P2,000,000 total damage, but the Insurance Cempany was
only willing to pay less than P300,000, the estimated cost of repairs.
As of today, the building is not yet repaired.

(15) IGLESIA NI CRISTO, Tondo. This laﬂlark near. tho nrtbn 5
of Manila's coastline is a Chupol with roin!mci , e rigid frams
(40.0 M. span x 51.5 M. high and 28.0 M. span x 38.5 M. h ppor
by prestressed concrete pile foundation, and covered with woeden mliu &
and G.I. roofing. It has a untilu capacity of 5,000, the biggest of its
kind in the Philippines. There are four (4) .0 M. lith tevers, one at
each cormer of the Auditorium 35.0 M. x 55.0 M. on centers. The south-
‘'west tower broke at a height of 35 M. where the base of the tower has a
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hexagenal shape near its junctien with the rigid frames. One man was
killed by a splinter. The fractures revealed that the construction joints
at the place of failure were not cleaned, the grout was as thick as 30 cms
in the tower legs, and concrete did mot look sound. An examimation of
the towers showed fine cracks at about the same elevatiom, so instructiems
were given to demolish the three remaining towers. A detailed examina-
tion of the rigid frames showed cracks at comnections of horisontal ties
and at the jeints of the vertical struts and horizontal ties. Major
oracks were sealed with epoxy bending compound. Te stremgthen the joints
and prevent further fractures, steel plates were cut and welded to fit
the joints like a jacket, bolted thereto and intercomnected to act as an
integrated assembly at a cost of about P300 ,000.

(16) PEDRO GUEVARA ELEMENTARY SCHOOL. The E-W wing of this L-shaped
3-story reinforced concrete building was almost finished when the August
2, 1968 inflicted some structural damaege. It was allegedly repaired and
the N-S wing vas completed in 1969. When the April 7, 1970 earthquake
came it collapsed completely. Fortunately, there was a strike of jeepney
drivers so there were mo classes on that day - otherwise many children
would have lost their lives. 4An investigation of the structural design
showed that there was no . consideration for seismic forces; concrete was
very poor. Reinforced concrete specifications were not followed. The
structure has been redesigned using prestressed concrete elements -
columns, beams, floors and walls - and is presemtly being used.

(17) GOCHECO BUIIDING. This apartment is a 6-story reinferced con-
crete building with four wings that form an almost closed polygen around
a yard at the center. Damage to frames and panels were caused by NE=SW
shoeks in 1968. These were repaired with epoxy bonding materials tege-
ther with the appropriate placement of four (4) shear walls. In addi-
tion, the walls around stairwells were reinforced to act as shear ele~
ments. Because of the shape of the building, there were many CHB parti-
tions vhich were damaged. A solutionm by separating the wall panels from
the columns by a 5 em., gap and sealed with an elastic filler has been
implemented,; and performed satisfactorily against in 197C and 1972 shocks

(18) PEARL TOWER. This is a reinforced comcrete residence condomi-
nium with twe blecks: the ALPHA, a 7T-story with 7 x 5 bays and the BETA
a B-etory with 19 x 2 bays comnected by beams at the first and second
fleor levels.

In 1968, the framework received structural damage along the trans-
verse directicm where there were no stiff elements in addition to poer
construction joints, peer workmanship amd faulty details, This weakness
vas remedivd by the imtreduction of a couple ef shear walls in each buil-
ding with their owa feundations independent of the existing column foun-
datien. The 1970 earthquake produced mo cracks. However, it mmst be
pointed out that alemg the direction of the 1970 motion (NW~SE) there
are streng party line walls. It was not damaged in 1972.

(19) UNITED (FIRST HOTEL). This 5-stery reinforced concrete commer-
cial building has a lemgth of 8-bays and a width of 4 to 5 bays with the
long axis oriented about N 51° E. It received mimor damages from the
August 2, 1968 earthquake, probably due te the existence of the party
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line wall alomg the directien ef the motien. Hewever, with the appareat
change of direction of the sheck waves in 1970 te the NJ/-SE, majer dama-
ges due to ahear and diagenal temsiom in the exterior columns aleng the
Borth and east sides, in additiem to cracked walls, produced sush anm
image that the building might cellapse any time. This was duwe to tersie-
nal effects. No damages were reported inm 1972,

(26) DIAMDND TOWER. This marrow and long buildimg with a WW-SE axis
is an 11-story residential condominium. Its slemder cross-sectiem due to
side-~svay resulted in cracked beams and columms im the transverse direct-
ion. All damaged concrete wab chipped eff and replased with dry-pask
eoncrete. A reinforcing cage of No. 4 bars was placed, while wide eracks
were filled up by epoxy under pressure. Some cantilevers vhich deflescted
were repaired without correcting the sag. But the most impertant aspect
of the rehabjlitation wvas the placement of a couple of shear walls at the
third bent from the ends in a symmetrical pattern. The nev wall reim-
forcements were welded to the celumn and beam bars, resulting in an im-
tegrated pamel between the twe outer rows ef columma. The performanse
of the mev transverse wvalls, hovever, was met tested by the NW-SB metien
of 1970. Damages inecurred alomg the longitudimal directien were emly
eracked vertical sun-baffles.

NATIONAL CONSCIOUSNESS

The repeated ocecurrence of sarthquakes and the heavy losses imcurred
thereby has avakenmed the people to their lack ef techmical and seiemtifie
preparation to meet the effects of disasters. The government secter
headed by mne other than Senate President Gil Puyat and Semator Helena Z.
Benites led the move te formulate regulations for ¢he design and econs-
truction of buildings in order to minimisze the tragic effects of earth-
quake failures. A group of selected Professionals worked untirimgly te
prepare the draft of the Natiomal Building Cede which was fimally “Ap-
proved imte Law" on August 26, 1972, However, a Natiomal Building Cede
is not enough remedy for Nature's unpredictable devastations. Man has te
act intelligently for his survival and to that emd, the follewing Recom~
mendations are presented.

RECOMMENDATIONS

(1) There is meed for lecal SUB-SOIL sening maps for metrepelitan
areas to shew the dynamic response of soil structures to sarthquake mo-
tions. Te complement the above, the dynamic response of tall buildings
mast also be known. There must be available micretremer equipmeat to
measure the period and amplitude of ground vibretien and scoeleregraphs
to be installed im tall buildings at strategic places te gnthor similar
data as provided for in the National Building Cede.

(2) To complement the above equipment, there must be electremic
computers and trained personnel te operate and maintain such special ins-
truments.

(3) A Building Research Institute similar to that im Japan is meces
sary to take care of the above recommendations and prosecute relevant
studies. It should maintain close collaberatien with lecal research orga-
nizations and allied institutiens in other countries.

(4) The IAEE should adopt an International Seale for Magnitude and
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Intensity ef Barthquakes,ami? the Metric System fer measurements to
achieve a better ceordimatieom of all scientifie researches and technolo-
gleal develepment.

ACENO WLEDG EMENT

(1) The pertinemt data regarding Gecheco, Pearl Tower, United
(First Hotel) and Diamend Building were kindly furmished by Dr. Fiorelle
Estuar, a Censulting Engineer, who designed and supervised their repair
and recemstructien.

(2) Map shewing "Major Struetural (Fault) Lines" was furnished by
Exgr. Wellingtom A. Mifiesa, Weather Specialist of the Weather Bureau of
the Republic of the Philippinmes.
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