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WETRO MANILA Fig.2 Assumed faults rupture mechanisms.

Fig.1 Outline map of survay area.
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Fig.3 The distribution of amplification factors. Fig.4 Contours of maximum acceleration (gal,
without subevent).
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Fig.5 Contours of maximum acceleration (gal). Fig.6 Contours of maximum acceleration (gal).
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Table 1 Calculated maximum accelerations at four citeies for three
different fault rupture models.

3 fault planes model
2 fault planes model
M=6.5 M=7.0
Manila 26 gal 27 gal 27 gal
Cabanatuan 167 gal 168 gal 168 gal
Dagupan 189 gal 209 gal 229 gal
Agoo 190 gal 268 gal 384 gal
Baguio 141 gal 265 gal 303 gal
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Table 2 Estimated seismic intensities in the survay area.

67

woms | MEPRD | KERS) | oA 2 %
Puncan 0.5 km >027 | S15E Mt (B/H=027)
Culba 1.0 km >0.6 S10E Aimon 5 %7 (B/H=0.66)
Bongabon 6.0 km >022 |N70E ¥+ A2 Y — > oiEE (B/H=022)
San Jose~Lupao | 10.0km >023 1S30W | Fx i o roiEE (B/H=023)
Lupao 11.0 km >028 [S30W*? | v— Fu—70EE (B/H=028)
Umingan 15.0 km >021 [N fig oA (B/H=0.21)
La Paz 55.0 km >025 |W g oEE (B/H=025)
Tarlac 60.0 km >027 [ S30W | 7—Fu-—7oEHE (B/H=027)
Moncada 50.0 km >0.20 w Mg dxs (B/H=0.20)
Agoo 50.0 km 03~05 | W HASKOEE (KXBR)
Lingayen 770 km <020 |E-—W*2 | Mol
Mangatarem 76.0 km <020 |N45S*? | g OdREE L
Camiling 68.0 km <0.20 GO L
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Photo1 Inside of the Immaculate Conception
church.

Fig.9 Distirbution of damage to houses in the vicinity of Rizal.
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Photo 2 Liquefaction phenomenon in the vicinity samples cllected in the vicinty of Rizal.
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XLWENH Y TLEEBI ) LAHIBIER L THWEZ ENS I DB IZHBIEID - T iEMATS
WENTVD, 2D b Agoo DIST NI ZNA T2 A DAY, BEICFETEIAav 7Y — M E
W7 VEOKEIOHR GO A 6 MBI TV, ThHD) b S EIHIL ZHA T BED ST
LTWi, SHIZFON 4 IZIZIEWICHE D > TEL TV, 90 emX 90 cm D IEF O EEE O i 13 Huif]
225 40~50cm DFSIZHY, TN ZIHEE 50cm, KEHDERE 83 cm, LHEDEL 205 cm DT AL
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BTHOEL ) ETHELEMEDPSSECHWVIEIT RV EBIEE S v, SEPSHET L THREZBEE L
KETOERDOADEENIIE 212, REB I UTBE 2 ED - 2EDB) W72t b e TE 2 508N H
HERDLDL, BEEFEHORKRITENL TRV, 2NICZOEEME 2L LTH, KFIC0.5G 28T
IEED N o 72, SDRITIUELETHIENZ S R Y REVHIEBPMb 72 Ebh b,
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(2) hRIHFHBTOMEEHDES

WiE A & BN - FE R TORBENI B  ICHENETOMAE, W% EoiE % b & I3 L 72 (Photo
6)o LA L%ASS  DEGEOTHELIZIZFHAL TE), TAULEOMAVEHIIET LIZ v, g
WIIEEDSOEMICMA TRBOMHEOE S OLBLMZITHEEZLNLDTKE S LRHISIZS T
TE DN Lk ~R5,

W& 1235V Cabanatuan 3Tl 27V A F % »H L v ¥, Central Luzon University D[XEAE % & Dk
WAHIE ENIDIE, O SR EIRE SN TRV, FRFHIRIZIZT 7)) — MY, SFEREOKR
INE F EF OIAKEAE S TV DAY, Cabanatuan A 5RO Gapan (22T TOEE 5 THOBHMTIZZ
NSO ES BAF %D -7 (Photo7), Cabanatuan DJtiZ&H % San Geronimo 1 b 1) v 7 # % (Photo
8) TiE, BEMRRRMENRF ALY A5 N24E OFHICIEE L, SEEOREIBV THORE SR
ML DDOBFELREE IR D o720 TOHIIEPRFEORDUIIH ) BIZ0 R EEMICHE L2 L
CAHIZHY, EBOBEZIZHEL, Moo~ Snw DLEEbhE,

S ER O (3IER R D La paz DB St Cristo HETit, 22— OLo2Y) LTRSS
(Photo 9) 25D FAIZE S 30~40 kg DEENET L7z, HWEKIZZOHEZIIFADELADFEF T
S v F)TAIREREHMCKEIENLL )T, COFAOBEIFEBRLZL) THD, ZOK 10
km @ Tarlac @B ? San Sebastian B & Tid, ZHOMXDBEET N L v H =20 9y F L 7% L7125,

Photo 6 A holy statue in the Immaculate Con-
ception church.

Photo 8 The San Geronimo church at
Cabanatuan.

Photo7 A water supply tower in the vicinity Photo9 A pedestal of holy statue in the San
of Capan. Cristo churce at Lupao.
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Photo 10 A church collapsed by Fig. 11 Comparision of maximum ground inten-
liquefaction at Pura. sties obtained by several methods.
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Iz » 7-HETH 1, 4%IC Lingayen Tidb$H 10km LABEN T2\ Dagupan IZHXHE D IZD
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FRAT IO IR K R S L7220, SANTE DRE T TEBOE L —~HT 52 E2HOL ML TBLEDND
Bo DAETIREROEE 2 HE L TRAMEEOHE LTI J L%\, 714 ¥y TREDENNR
BoTWhADT, THIMRDLBELDELT, HEDHIZLEIN TV AZEEDOMMEOMEIEH L TRED
HSEHAT o770 RABEKERDSH SN BELWE D S ORMIHEEIN L TURLAZOA Fig. 11 TH b, T
MR 7= & Baguio \2813 570 v 7 OB A SHfiE S M- EE 4 & O Dagupan (B 1F A #RAL
HEPOHEINLEELHPITRENTVE, T LBIRORE L BHEE,IOHE SN D E
B OMICtr E WO S AT LD b, Fig. 12 (b AE QMR ICK L TR R BT %17 > TEN
HEDHBEFT 72D TH Do NI R D 72 e KINHEE DWIFHEABAE % LW R CGRALTwa 2
LI EDH B,



72 BUOKBT KFFZEHTER 45345 A 3.4 (1991)
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Fig. 13 Damage conditions of Rout 5 surveied by the buranch office of DPWH.
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Photo 13 The piled driftwoods at the second Puncan bridge.



74 TUKBKEFZer4EdR 45345 A 3.4 (1991)

Photo 14 A surface faulting on Route 5 (178 km from
Manira).

Photo 15 A surface faulting at the Calasigan
pass (180 km from Manira).

EDHIEDOERIERH 725 %V, Digdig DM
BT YH (72 T 185 km) Tid N25
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Photo 16 A surface faulting at Digdig (182 km from ST L e e =1 v Y (JEMEE) EIFEN
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Vo TOZ LA B OHTREIREIH - Tl L TRONDEHETH %, Rizal DILIE TN OMFEE: IH - THE
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WANMEZ 5722 ENSHITHEERE S LD LR SN D, PFEHIZRIE ) AASHTO 1230 < Al 1
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F2IERHIH ) KW & > Tize DADVEKDOY) Y 3l LA DB e B TIROABE OIS S - 72 & DL
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Photo 18 Damage to-the embankment of irriga-
tion ditch beside St. Monica bridge.

MORKEED T Y 7)) — MEIZIZE o 72 CHEDTRD
Sz o 72 (Photo 20),

Rizal 5 Z D&% # ) San Jose N2 BT
AT T O D UEIN DR bz, KBS
AT L b 54t 3 Tl e <& /NI DR AR
WASHR Do T IR E DR DD & ik
SO o T 1~2km #ihi- & 2ATH b,
O OKHIZER OB AR b, FRILLZ:
WORE AL Fig, 10 IIRIN TV 5,

(3) Gabaldon(#H/VIL K2 )FIBAVDEROHEE
Palayan-Gabaldon R ?i# # Cid Luar AL, H

Photo 19 Damage to the road at St. Monica
bridge.

3ol

Photo 20 A bridge (non-damaged) in the sub-
urbs of Rizal.
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)T Digdig NN HAFEAD D 2727 Laur & Mojon D21 Bato Ferry (/N b7 1) =) f& v

dary)— +OKERE (Photo2l) 25 5%, ZZ

T34 2 Puncan D & ) LR AKOWR IR S
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Photo 22 Slope failure ridge at Baterya.

Photo 23  Slope failure toe at Baterya.
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Ny b XY MHKE CEBHEER L7720, HiASTT B
THHHEMMPOET Lo URHRER STV AL,
COEHIO AT, BN ORI B X AR IC
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Photo 24 Damage to Manira bridge. —RT 5 LHRIAT R TIIRWhAEEL 5,
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T2 BRRAHEC 72D DRI LTV 7as, KiEDSED o720 BT LTHRBE) UTEHI D%
HoTWbHI RS, ERZRIEZHVTUCERLE LR TEAT L TW e, B OBREEIZE & i om )l
LB DL SR LR D 72 Z L HHEE T E 7225, BIKD720M BRI BT, DT % R
BT EEHEK LN o7,

Photo 25 Damage to Vega bridge. Photo 26 Damage to Dupinga bridge.
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STRACTURAL DAMAGE AND INTENSITY OF GROUND SHAKING
DURING THE 1990 PHILIPPIN EARTHQUAKE

By Tadanobu SATO, Hiromichi HIGASHIHARA and Kazuo KONAGAI

Synopsis

This is a survery report, in which the damage to structures done by the 1990 Philippin
Earthquake and the intensity of ground shaking during the earthquake are discussed. No strong
motion acceletographs were available for areas 100 to 150 kilometers from the epicenter.

We therefore calculated the theoretical distribution of maximum accelerations in the region
near the earthquake souce. The calculated intensty of gruond motion was compared with the
estimated maximum acceleration levels from fallen religious statues in churches. The survey
results on heavily damaged bridges especialy failure modes are discussed.

The slope filures along the falut extent are also discussed.



