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1-1- 14

74 )R, BAREFERRICERKELED [ring of firel EFHEN D, HIE, KILFEEI OISR 72 M
WIS L T D, 207, TNETHELAHERELRRL TET05D, 1976 FiX, Iv¥ -4
BE o EE (M. 1, FEH 6,000 A). 1990 4ED LY o BNFEHIE M=7.8, & 2,421 N\) MiEx T
%o 50 ANLLEOFEFE A L7 HgEAS 8 [B] (8 [B]) FRék ST\ 5, 1900 FFLARTIC &, 1645 - & 1863
FIE~ =T M THEN AL, BHEALL EOEEZH L TWD

1-1-2 EFOEME

2013 AE DR R — /VHIERIZ DUV T, JICA IXEREERIE# A B O EME NS Lo EZERNE AT o 72, £
OWEEFED FIZIiuL, HHEOHMEL ZNICL2HEEITLOLBY THD, B, 74V EVEE
B 712, BARORGTEEMTIE, 5 BHDHWE 5 MEETHY, AARTHIFEALEYWELZEL
WLV DEETH D, £-, BIINREKMEE L, BRo7 ¢ B MEEL%E (NSCP National
Structural Code of the Philippines) AMEE L T2 HEES) 400~440GAL LV @/ &<, FhE
2P > TRkER, M LS TWOAUTHEZ £ C R WHIIOHIEEI Ch 5,

# 1 ARE— L EgE
~J=Fa—F Mw) :7.2
BRI (74 U LB, WL IR 7
BRE KN « 214gal
(UE. 74V B kIUHENFERT (PHIVOLCS) &

2]
WE 222 4
1THARB 84
PeFk 796 44
S - 671, 103 5 3,221,248 4
EFFE (totally damaged) : 13, 429
— ¥ EMESE (partially damaged) : 53, 683

LB, 74V EVEFRKE D X 7 8EE HF#S (NDRRMC) (255, NDRRMC Update SitRep No.33 (2013 4F 10 A
31 H Al 6 1))
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7 4V EUTIE, %< OBR®E EETHEDIL TV DB ELOM AN E7e <, 2~3 B ToOF &
THEEOHEERECRBEY OIMNER EOIEERE P, av 7 U — T ay 7 BELEbhTns,
ZOREDT, Bl LECREEHIND Z L adfliEand, KEEZRBOTHY | 2013 HFRF
—VHRIZE D | D TRRREELH -7 (FH 1, FH2),
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5§1kﬁbt:/7)~k7ﬂ/7L®F@ BEQ2 oy )— 7oy 7B EE)E
THEE L7274

1-2 BEERHHESEEEEOHE

1-2-1 AREEHIRIHIEE & i AL v O

T4 UTIE, BWERETAHEEICIE,. T4 U B dSEAN (NBCP National Building Code
of the Philippines, 1977 fEZtE‘HjOD Presidential Decree No.1096) |ZH:Dx . A ZEET5
EBMETH D, TOHE, BEROBEWNERICHG T2 Z LR RdNbND, HELZEMEL 74
U GRS (NSCP National Structural Code of the Philippines, #JR 1972 FE31T. FHHThR
[T, 2015 FEFATOH TH) ~OFEE R RDHND P, 74 U B HEERETIT, HIE ’iﬂ“é%é@
DHERZZR L TEY . ZOBEOME L TV LHEENE, VY (x=F5HERL) LI FFF
72 ETIE, 400~440gal FREE (MRS L 0 RS, KREBREIE TS 256 I 3R HE S L2,
Fo, BELMBEOGEICHEMWMALE,) T, ARADZE LV ETEWMELZ2>TWD (HARDE
FUIMELE AT, MR O IR OEIIIIR S TO 722003, HURIZ KD 300~400gal LAHEE D)

3)

BEFFRTHFEICOWT, HARTITERFINAEIZOW T, HREE~DE A ZHA L TV D DITxf
LT, 74 VB TiE, FELTHBEE DMFOIRIEE 720 o WD EHIOMER], B R e E2AFET
HY ., I EEIIAEROBNEDNEEE2F > TRFFLTWD & O SRR RE I T> TV
R Y RETICE L TR, BEFEH L VIF V=T, EREEICEA L, A AR IR -
THEHRINTWHZEZERL, BTRIZIZIINGIZ %Abfméa%ﬁﬁbt Wy DAL FHFF AT HGE
EERfEMTLZ L 75T D (NBCP),
kv s U— k7 a7 BEfRoHEE

74 U B UREREET, MERET ORGSR OEEM (FE, B RAT TR LE) ITOVWTHIEL
THY, MBS OB [IEEERE) (Y O EZ ST R 20 ahEE . fifED) Y BE7e &) icon
TORET RV (HELEEOSE 7 HEMEEIC, =y FOREREDBENH Y . TOMENZAT
STWAERIEHDL X O TH D), Fiz, 2~3 BETR EO/NRIEEYIZHOWT, BHARDOHiR= 7
V—homy 7fEO LS, a7 —sT7ay s OREZEEREE L THWS TE (B2
— MER EOHBARE T, MERENEY 2 LR HEE) ([2OWTIE, MEREICHEIT R <, BlE,
INEBEFEEROREECHET S TELEDOZ L THD (IRFTHE EOBREF Al 22T TSR ST
WHEMIZIZ, 20X A TOEMMNALND),

—J., AETKHEG LT HAIEEWIIRTEDO D 7 ¥ — 33— F Th HALFEIEE DPWH 235%5H L T
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BV, O3 E X ASEP (Association of Structural Engineers Philippines) ¢ National
Structural Code of the Philippines |22\ TU5, Zfiﬁﬁﬁ IO D FERIZEIT 5, HIERFTO
WENRANLSEFT CTHL a7V — b7 ry ZRBEZOWT S, BFFERO 7 L— N AERE 8 =
7 ) — METHNE, FHEEEHM TH 50, PHEICRGHEENED b TS, £ 2 O bv . DPWH
D/INFIERFHRIE, ASEP DRRFHEHEZ 72 L T D,

%21&?’%6<m$ﬁ$%%ﬁ

ASEP (T 1 ek a AL e DPWH # it oD/ NP a X
ELHZIVE 1 ExH 6”\’25mm 7 L — AFEES 12mm
2 B¢ BLIFE  6~16mm fl 12mm Fijf%
E/N R MERRARAR & B WrmEfgEL 0.0007 | #EA%  10mm® @600mm (9 0. 0008)
Yk i 10mm @ @ every 3¢ level (Y
0. 0008)
ZELE 1.2m LLF e 600mm 48
i every 3% level (9 600mm)
R [ 150mm 150mm

1-3 EYOMEBEHETOEREREERST (2013 FRR—ILHMEBEOHRSTHAESY)

2013 FERF—/VHIEIL, MEHNH F VML o tolod, o s 7 U — &l E oG RgE
WX D@EYOEER E13D 7ol (HWHASR EOMBEDEER E1XHoT2), £ Z THEL -
oD, T O O-YOIEE [BTEI D BEZ EOIEEREOE DL RS T D, ZAHITANRD &
BY, FEAERa 7YV — b TavZicksboThD (BE 3, BEH 4), TOFRKELT, BT
DFRENEZEZ HILD,

1) Zhboaryrz—h7ay 7 OZREICIE, 2 TICE/ALZIURTE S, HEREOE A 7 mIC i/
OB BREBEINTVDLHENLZ, Z<OHE, a7 V=7 ey 7, ZOMKRICTE
SNTZEBNAZ NI BEDN/ NSNS, a7 U — N7 a7 58500, FHE L T 5 HHH
2\ (GE 3, TE 4), ST EICER SN TE LT, Hh E~OEED R e b ONRE <,

DIMTRONEE EF e (BE 5), 2 OOHEOTLFRIX, 227V — Ty
7 FAROIREE DS 85 < . N2 CHIEE, BT 570 ThrEEZLND,

(2) ZEAEIC T SN TV DB XD EED N4y TR, — KR TROW =D, fimoshEz+
SEBLTWRNIERHITF BN,

2. MBOSHARE SN TNDELOD, HAEDBEMECH: 2 E~DEEN B /2720, Hi
MeELTOMREL I RIEZLTELT, BERROBIEREZGIER I LTV D AREMER & 5.
3 1E, FEIATE (IHEEH DLWV BAVICE AHE) 2179 N TEEEEMO—E
Ho, EEMYETIE, 'L (B, PRE 4 #) OFFIEEIEESL Rn—TF, FEfEERE
X, TRTBEK (12 f) HDHVEHRE G f#) THH, EORENZE LW ERDN5,
WStk 1 DHBREORER ST, FHESR 560 B, 12FMERATERVIRITH 728, £
@ﬁmi#%ﬁﬁﬁ5®#%ﬁﬁ®%$ﬁﬁm&ﬁofwto
HEERENETE L TV D L9 RlOHIEE S 3B A L2 5581013, SRS IELZ T T &
B 7=0, BT EREESND, wxwm@%o L?’:kﬁﬁﬁi’ﬂ%@%/ﬁ?’é%\ B Hi

) (MR OMEE) 47 2 GAITEREL e SIZRES L. Z0FBICIZER LD/ S 7

19



HERB OIS RHIILDR D, 20 LIREBEZEET 5 & i)/ S22 HRE) T 6 LR gkE
AW DM 7 ) — b7 m oy R, AR U (RS RIS E 2 U W E O IR B 0
) THRA—AHERD XD ik (R OPE ITIRER, IEMERES R R E 22T D)
wEF L ENBESND,

e 3 L

FH 4 arysV—hr7ay 7 OFEEMHEE FEH 5 HEEDa 7Y — N7 ay s ORE

BT LWy, Mmoskife, FHESNT By (Zx—RAT =) BHEELEZFH (LR

WL Z L D—D > TN D THRRIBEL 72Tk, RS TRELS
ADFRIFL TN D)
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# 3 2013 4R AR — L HIEOBE ARG R

THETA Bn% ERKR] 1. BEMRE 2 JEthimEE
EHF LR B0 -+ _
S 13 P SLBE—ERREEE CHB)
2TESTY | kmie 13 m SVEEH b A —ERERE
e e s SLEERIRASRIE CHB)TAZRS
KPR EEER | FE = S A T S
_—_ * BREARISYRH59E0 |SMEERESERS CHB) AVEIE RS
= 29— R YD I B £ 24 8053 AV B
_ RPEADOWRE IV — k(B S5 v —EEE% R
yonpy RERER - F g BE— 0
RPEASHOIS VY, tihF
iy RS |3k 55w, HBONBEAZT |—BET, £LFORE
EDER L VEEE
DTATET \mrpr sk |EERSVVUTRETRY i mamsscns
TS AR D RRIE, /AL
NI 13 BWADHE BOHE RO | ABLOREE
1T
e SVEE—ERARIR, ML D) VEEFR L
P i _ N 1S - 8, A ) WEE K &R
Ry 2 13 H—Easy— K& A ig
- b G 4R o} BE—ERBEIE, R HE L] UBEFR
HREY 3 13 RIS EO— R Ay
. * FETEER | ANFTARIE, AE (/NS | ShEE— DI , AL UIEE—EDER
= AMF 554 0.25m) %,
BOH SNEED—EDERE, MRS Y
BT 15 am  |E Sl B YBE - 2BEDCHB
oS RERS BRLE,
KISUE Y I35 | gy o [RO— AR, RS H5HE | 9182 RILY) UBE L 4I5S
SHAF T4 « %l BRIE, B iR
i‘[ﬂjﬁ{%{ﬁﬁﬁ _Eﬁﬁﬁﬁ # %E%—'&Bﬁﬁi%o Fﬁﬁﬁ:{j] Uﬁ_%ﬁ

A%
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1-4 HHFTOFIKERE

2020 fF 12 RIc7 4 Ve 2o BRAT v MO LY, BERTOLEMER S HICER Sz, K
KR, BURDA 77 DR THR G S THMEREEZLE L LRWFETH D, AR AL
IR LIRS L » TLRMICER S, MTHFEHOR, 1ZEAEERIR TRV, L, iy
ZIEFE OB THY . BERIC—EITREFRTTH Y . SERHITITREETT Tb H 557 KIT, #Hisko % B

D T D, )7, maw & bITEE ZEERIRORFRITIT, FRIT, ﬁé SO AU PR R D H
DEPRARFLT, anF U VAEGYEDOE UIAD FIEOT X TOHBIGER L TWDS, £/, 6&
RHBIZEV ARZOLOPRET 22 L b MG Sh, BEFTORLEOMEN S HIZERSH
T2,

JICA b2 FETIZ, BREKIUEIMZL2KEZL BB L TE T AANAMIZET VRIR L
REEE AW TR L, £70, 2013 LA T, bv— Az o RE T T X OBEBEEICE
WTh, BNef 7T L LTRETH D NSO~V A Z— (T 2 BERFOREEERT & L
THHTE D L9112, MIRTOORERETOHHMisxz it L T& 7z, INICEF b, 23a2=7 4D
2 BN — NV T TE 2 K012, ETAMNRT YA et LET v 2 — 2 R L
Wa,

BORF O K EFEHMBE TH L EFKEF U R 7 BEBRES (NDRRMC) DAR—7 A< v—7 «
BT v BT 4 VKL, TKapag nagkaroon ng emergency, hindi na puwede na halos yakap-
yakap mo na lang ’yung nire-rescue mo at sugod na lang kayo ng sugod (BRARFIZIX. HIT0ME
HHIEFHDOIAALT, B —2 BB RITHT 2 EIXTERY) | LR TW5SH, (Business
World, 2021 4£ 4 H 27 H)

EDEZAH, FRRONT UIA DNAYT v b a— Mp EORMHRFR N KEERIIITE 2D & Eh
TS, LILABRSG, RAR—/VHEOHEFERENS . BRMARS, JEMIEEEN T 2%
HEHERERL R DEgatENFER SN TR Y . FEERD KFRICRIEEY & L T4 fﬂ&ﬁ%%n’*’éﬁﬁ“é
TEFEELY, v XamIain L, RRIS, K& o KEFITHRINR S BRI RO 5
NTn5d,

BEEEFT ORI A BTN BIRE P EEE L TR SN TN 2 & L5 0, BUR TITANL RS b
T L LCREH éifb’(b\é_é:%ﬁ%:?f INSLEFRAEE ORISR et 2w 5 2 &G 7% TH 5,
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3E BEAF DINST R DRSS 2T & LT 337 ﬁ%%kbfﬁ%éhf“érﬁﬁﬁ
&5 H Ta— ]
(https://www. hius. org/news_earthquakes) (N2 hAR—La— AR BRE R E)
(https://www. telegraphindia. com/world)

b / 4-'"""‘"‘ G

‘%ES DPWH 723 g% 2t L 7= Br&E oo it st ity

1-4-1 BUEDIRN
REMEFTIZ, EEBAEE (o) o=t T7Ilko T, KEDWELEZ Iz N & ([THARN 2R HE T 4
AT 5 — R E XY EN R L RZEM L ER SN D, @ aBITA (DSWD) %, BEHEEFTIZ DWW T
KVEEMZRERE LT D, THEFTZZITANDH DWW LGICHL T, PR, BERA & &,
NIGTA /A a=T 4 R—v, Fx 7Y B BER/&EY., LRt 27—, F72i3ML
SN TT U M) REPRFTONDLD, ZTHICRESND O TIERW ], L LERIZE, 7+«
U BV TIIANFROBREPERMEa—F (XA Ty hAR—a— bk KEfE, N7 U TATER
L) A, KEROBEEAT S LR ILSFHENTWD, LHLITHE, 7 4 U B2 T DPWH 2535 L
TR (G 8 ZHR) . FRCEEOKENHER SN TV AHIRICZHEZR ST 5
ﬁ%@&%%ﬁ(mw)ﬁ\7%7§ﬁ._91@ﬁ%%%)lk777bfwéo%®9%7*wi
DPWH DBEEEFTER FHI B W TR 4L, 63 [ZBEFO AN AR UNFR E @ifR) . 5% 0 IR B RIR
ft&a—k Bl : "2 7y hA—La—k ZHHEL) Thb, EHEA (OND) o R R (0CD)
(X, EHROBEEFT O Y A R ERFFL TV D
74 UEIE 81 DM, 45 DT, 1489 O HIRIR, 42,029 DT A (721K THRI LD B,
T4V ECONERTH D Fhil EBrid. TXTONTUH A, BIBER, . N, EFmg s
IS &, BUH 300 ¥ v (A= N—REDFE), v/ =F 2— 8.0 LA EOMUEIZIT 2 2 ke 4 &
BT DNIERETR, THODONIERT, EHRE LTHESND ETH & HFEET THD,
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1-4-2 s

1-4-2-1 #EFTrORE

2020 4F, 2021 AFICHAE L2 EIC L 0 . BRCSERHR T DRI\ T, LY IKx & LIzsERT o
VEVENER S5 K 5127572, COVID-19 OKIRIT T, BEEEPT OPRF NI A=A 2Tz, W)
BRI HEEE (D7 &b 1 A—bMALIE) LD ENRTEhote, ThUE, 2020 4, 2021 D5
WEERKE ZHE T, 74V B D0Z < OHUIB OB T E A, AT AbDANLRdHSNHT,
COVID-19 OFATHEFI &, BREERZBVIKL TWHDL I ENnD, 74V BV ORI LT AP — KD
LHTCIE, 5. L0 E< OFROBEW PR & L UEHENS L TSNS,

B 1 v v

BHE9 BEHATL LTHEHSNTHOIREL, AN—ANNTEDIlH S EE DER
(https://www.reuters.com/article/idUKBRE87707920120808)

1-4-2-2 CHBEBEDffEgME:

ayv 7 YU—h7uyZ (CHB) BENHREE Lo \W oo, WEFERTIC —FRAICREEE L L D8 oy
NELITfERIZE B S5,
2013 4F 10 H ORA—/LHIE (Mw7.2), 2019 45 10 A2D 12 AT To R v &4 B iE
(Mw6. 4~6.8) TiX, KEDEEE LT W ERTER LTz, 2013 4FORB—/VHIETIL 10 BLL
FORENEEEL, 2019 4F0 I XA B fIEE T 1, 000 BRUL_EORENRTE LT- Ll ST
W5

7 4 U B KIUHEMFFERT (PHIVOLCS) 1, REX—RKEFEERICEH SN a7 ) — T r Yy
s (CHB) OISR BIETE A MR Lm, S v 4 A BHEOE T, PHIVOLCS 13 = /L& —BE
R0 BEZe CEM) O IREETIMIC R E R ERH D Z L s Lz, 2022 4 4 AIChfgsnr
[CHB #i&E D MILICEI T 5 JICA 7 4 —Y BV T BT 2 N—F v L VAR T L] T,
PHIVOLCS 1%, X & A EHIE TRESCESHEIET 2% b2 WRERIL, Rk 2 HE@s
\ZINz T, CHB, #fh. E/AZ/LOIREYOGENRIZET 2 MRS i TRE ORI 72 & i
fhiF 7=,
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3 24 A B T LT DT

ETT 10 2019 £ 10 A 0 WIS T A & r B2 % % 1] 5?11:/5fﬁ%ﬁ f@%bt o LT
T2H T e T« ZA—)UNT 4 I ADNITHT v OFEA (W81 Sun Star Davao XV 3|)
D)

(https://www. thenationalnews. com/world/asi

%ﬁlZ‘/&fﬁ%% f@@btkvwf/
O (B2 Inquire K V5[ H)
A school building in Tulunan collapsed during
the Mindanao earthquake (Image from:
Inquirer)

2021 4E 1 HIZHADSLIETITb=7 4 U ¥ L pE CHB i - IREE FEBR T . PHIVOLCS %05,
ERERMDIERR S ALTZ, E 7o, DPWH O LWERFHINE © THr LWV BT & JEa 9~ 5 5l < Al ¢ &
DM, MEREIRKRSH D Z ENBREIND, TO), SERIGEHETT S L L bh s REe
Z DM OBFHER DY O > = L 2 — R TE 0 BEZ | e b RRFE R LTk 5 2 L NERAR 7R
BPRE L LTSN TWD, 4%, L0 OKRENEHETE L ORI Z En RS, KBS
77 8RBT & U CRIH T 8K O ARERIZEBRT & D,
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%E132muﬁmﬁ HAR~NEMT S 44 BE14 20224 1 AIZEAROS X TIrbiz
F CHB400 iz 6 A > F CHB200 fz - HiE Ly IREVOIBRTIL, 4 1 > CHB (MeA#ig - 45
% ?ﬁ?) TTCTE7/ZCHBEENEEE LDz L, RLT

BE|Z 7 A & —@ Power Coating ZHi L7~ % D%

OVEN SR EIEL TWD Z ERMER SN

1-4-3 “IRMIEMROTTE & FRIZOWT
BUE, BEFEEREHET DEBORIE, 1977 FICRHES (PD) & LTHEIT S, O THAI (TRR)
1% 2006 FRITRMBEGET SN2 7 1 U B EREEIEEER (NBCP) ThD, E72, 2016 FiTiF7 4V v
CHEIEBIE R, NBCP OB —FE L TT7 4 U B EFRM#EE=—F (NSCP) Z%1TL T\ %,
RGO - AFEICBE L X, BAEESR DT BNt A L a7 U — MRS 2 &t
74 UV ECVEZERE PNS) ORWY A MRD L, HBIZ L D28, V7 7 ~OERHEEL & o h
2, DTL iF 2019 Ficar 27 V— 7y 2 (CHB) %%ﬁmﬁ®ﬁﬁﬁﬁij’awto_h
%‘Lf DIT iF=> 7 U—h7awyz (CHB) O7 4 U EUHKE (PNS 16.1984) (2 % i fE Al
T AEESEEEA L, b ot 2y MUROEBBEKIILLFOEY Th 5,
(1) PNS ASTM €90:2019 w/ Amd. 1:2019 Standard Specification for Loadbearing Concrete Masonry
Units (e = > 27 U — MEFEEIEY) ~ = v b OEMELERE)
(2) PNS ASTM C129:2019 w/ Amd. 1:2019 Standard Specification for Nonloadbearing Concrete
Masonry Units (#EAf= 7 U — MRS ==~ b OEEUELER)
(3) PNS ASTM C140/C140M:2019 Standard Test Methods for Sampling and Testing Concrete Masonry
Units and Related Units (=> 27V — MNEE#EEY ==y MBI UOEE2=y FOY 7Y 7B X
OSBRTT15) .
DTT 1%, BHAEFEMITIT PS (74 U B UK ~—7 WAKIZIE ICC (BARGMFF) 27 v 0
—EZFTLTND, PS~v—27 & ICC AT v A —IF, HEEDPWAT D HON PNS [THEE LI E &%
EMEPRIES NI TH D Z L 2mT A Reled, —J5, #EE (DepEd) (T 2021 4 5 HiT, %
BIREE DR & KEIZRN S OIZET 2 2 LIZBT 2 Aide Memiore 253K L7z
BEITLL T o@Dy
- 1900 LA FIERRII T, BEFER DL 1%, 25 FLLERNCERR Sh, 40 FLLERB LT\ 5
B L AHE L. B ORGHEETRMZ L TRWEEE,
ERRITIERE E FRRIC D v v v LEESEY) (Essential Structrure) IZ47FHAES L. SKERFIOWNH R
BB NEMigk & LTEMIT BTV A,
R OYIEIL, T E THERA RBUFEBRS N — %08 CEli S CTE72ns, #ii—m7R TR <
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INEEERBICADE TRHIGE LT BERD 5,
s PLF IR SCE RSN 7 AR E OB EE RIT L2 b DO TH 523, 2014 4T JICA FEF AR
RLBRT T X OFEERI D RE LMD > TB Y, MEULIZHZ 5 2 &R LIZRoTWD,

CEHTOFTVIZ. 44 F CHB O 6 AL F CHBOEFE NI,

F4  KEHNITANT T2 PR RR FEHED B (Design Development of the Calamity-resilient

School Building)

FSES B SR IRR B SE b iR B e AT FRCRE MO R | B LWV ERHRE | GBI - s E T
(2014-2016) (2017-2018) ML HEDIRE
Calamity Resilent | Updated  Calamity (2019-2020) (2021)
Design) Resilent Design) Modeified Deped- | Proposed
DPWH Design Modeified Deped—
DPWH Design
LEH=EHYA | 7nX 9n A Ak 40-50 A DHIRE
.
2. RS
BT Ot 4. 5m 5m P N INAY N ey
= 5T A T ARG, PR T T BAT | A B AT DER
DR W2 &0 JE DR A 4
rF7 IRV RT NNV RT (T | BHENOENEHR OO
A RFIUALE)
[N 2L S = 7T BT ZRDOMER D
RBRS— 0.4mmGI >— k 0.4mmGI >—F, R—RXRX X)L ERT yXATT | RROPERKENEZ
ATIIERT vy X¥ATT
e
Yoy Par— U v a — 1 |06mI—RAAXL MBI L Uy — L ZE N R
I (0. 610mX it B Ao
2. 44mnX0.
4 4Amm/E)
EHEM4RE | 0.4mGI >—Fk 0. 6mm GI > — b WEZR L Uy vr—)LREKk EX
o ( Metal MNEE,
Flashing)
BEFDFT | 44 F CHBEE, TRV Bl 6 A > F CHB B 1500 mm& & BRGSO A fED R4
U] DR L AU fibd 72 4
— U AN — A DR
BT T3 | 44 F CHBEE, Ty ik 0.dm D=7 Y — h XU F a7 U — hRUFITE
n (1F) L O MRS T
<, BAKO#Xx LT &
DR
fih oD i 3¢
L L SERICIEE V7 T A N—DBIT—D =077 —|Z | R L ~DT 7 EADIH
—oOD kA L +
R ML R0 OB I
ZHWV— | L H BRAOREHE
N
ZHEOXy | #L oL 7V — MEOF ¥ E—ORE | N, AXELOLSZ YT
JBE— DYER
FROHT ML FUNG T O ARAEEOm B
IXT A~y |k L a7 U — h&ED/XT Xy b FEAR O EsE(L
()
5=
i B 250KPH | 270KPH & 340KPH | fibEMED ) E

L, U EOEEZ R TH, BEFOBOR, B, BHlT, 3 AR LWEROERIZHIT 5
TV, ZhoOERIE, R OEBRELELRITIH-7b D ThH L0, BEfFOEY O =G E
RIS L, WERgEN AZ Eid 272D Di8beT v 77 L — FEER L7 b O TIERu,

R BUORSCBUHI 2 R i S, BREHEED M BT — 5T, BEFE 0@ OssicBT 504 KT A4 v
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LB OFAAAITIM D SN TWD K S ICRZ, ZEDTZODFRITEAR L L TOIEFITEMAR DT
b, TO—FHT, WURYIEELITOTIC, BERRYRED B RERHIA 7 o 7o BFE LT AL AR O & 1
HIFRIZ X DBIEOSERMEN S 512 b MBI, ATE, T 6 OKE 2521 Akl T

Z< OEAEFRN Y A7 22 51T, 65 CELICERT A LEL ISR TWnWH v 2k
T BN TH D,

2. HHPHRETEIC BT 2 BHsE L, BUR, 15D
2-1  BAFEHHE - BOR
2-1-1 BUE - IEDEOME/&H0H (N EFEEEE . BES. BIEsiid, WBRERE. TR
177 5)

o B AOEEE K LAES (Pacific Ring of Fire)| & TRSEEEYA 7 a8 (Pacific Cyclone Belt)| @

BIAIALE LTV D, EEodad s b 60% M EEOKE BT 2R, ok, HE, #iEv |
kM) IEHINTND

- MU 2 50 AR w@uiw@@mﬁma%@%b 2019 4E 11 AN 12 At Tv 7/ =F
22— RN 6.5 LLEDOKHIZED 4 [B1%4E LT,

<ok s 70 U B kIUERATZERT (Philippine Institute of Volcanology and Seismology (LATF.
PHIVOLCS) (%, BIE 23 DKINZTEB T L 272 LTEY | 20204E 1 HIZiE Taal kil (= =7 OFF T0km)
DIEEHICAD | A LTz, ZAUTRD, 50 TAMEDO ALK L, V—a IV-A DA 75
RO 34 B Y OEBEN 2L FEDNFEA LT,

- POK - RIEEENIRRBG OB LS, B E 2T OERITUA Y 27 2 B(LIETND,
Y] 20 OB A 7 ny (BR) 27 4 ) B, wE 10 FHTC T 25 R0 E
(L) (ML T\ 5, 2013 4RI EREL 7258 BIRIRO BT T ¥ (Haiyan) 1%, 6,000 ALLEOD
FHUHEZH L, 9 DOHUE T 110 THOZFENHEE L, 230 HTADT 1 U B ALK Lz,

« National Disaster Risk Reduction and Management Council (NDRRMC) ®F —#|Z X % & 2014 )
5 2017 FEDRIT 302 fF D BARIEENRAL TV D,

47

CHAIRPERSON
Secretary of National Defense

£D, NDRRMC/ I SN NATIONAL prevcouvncn

A, 0CD

- ! ! 1 K REGION AL prryvcounas

Vice Chairp Vice Chai Vice Chairperson Vice Chairperson

Disaster Prevention Disaster : Disaster Rehab & e
& Mitigation Preparedness R Recovery l P R O\ IV CI L\ L DRRMCOUNCILS

Secretary DOST Secretary DILG Secretary DSWD Dir, General, NEDA

CITY prrMcouNcIs
MUNICIPAL prrvcouncs
BARANGAY prruconaTTess

14 Line 11Government | | 2 Government 1 Quasi-Govt 4leagues & 1
Departments Agencles Financial Inst. Agency Union of LGUs

4 Civil Society 1 Private
Organizations Organization

Figure 12. Organizational Chart of NDRRMC

Figure 13. DRRM Network

X 1 NDRRMC (HEZFHKEV X7 BEHF#HES) OMH] (P& O )
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~._SDGs Business Model Formulation Survey with the Private Sector
) for Strengthening of Structures with Japanese Earthquake
Resistant Paints in the Philippines
Aster Co.( Tokyo,Japan )
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(1 X . ) .
Development needs (issues) in the field of (Proposed products and technologies
earthquake disaster in the Philippines + The proposed producttechnology is an earthquake  -resistant
+ The Phippines, lke Japan, is a country with high seismic risk. coating (Power Coating), which is a reinforced coating made of
+ According to a JICAsurvey (March 2004), the worst -case a specialy dispersed mixture of glass fbers.

scenario of an earthquake disasterwith its epicenteron the West » The toughness of the proposed prolductlhas been demonstrated
Valey Faultis expected to kil more than 33,500 people in Metro by the Meguro Laboratory of the Universty of Tokyo.
Mania. » The productis highly competitive in terms of earthquake
« The number of classrooms that need to be strengthened against resistance, cost, workabilty, design, and envionmental
earthquakes is 800,000, and reinforcement measures that do not adaptabity.
ire rebuidi ded.
\_'equie rebuiding are neede )
i LAND LI LEMS
Survey Outline LHLABOR TR

¢ Contractperiod :October2021 — February 2023

« Targetcountry/region :Metro Mania, Batangas Phiippines

« Counterpartagencies :Bureau of Standardization and Research,

Department of Public Works & Highway, Phiippines
* ProjectSummary :To verfy whetherthe earthquake  -resistant paint

developed by AsterInc. and the University of Tokyo is also compatible

with Phiippine construction materials. Based on the resutts, a business model wil be developed
to strengthen the earthquake resistance of public structures such as evacuation centers, schools,

Ifthe paintis applied and dried, it will
notbreak even iftwo people ride on it

and private residences forthe wealthy, which are susceptble to colapse due to earthquakes.

(" . — )
(How to Approach to the Development Issues A Expected Impact in the Philippines
» Effectiveness of seismic strengthening using Phiippine » To reduce the risk of buiding colapse due to earthquakes, and
construction materals by Power Coating wil be verified, and move toward a society with zero fatalties.
the product wil be registered in the productlregstratlon system + Enjoy stable economic growth through a safe and secure society.
of the Department of Publc Works & Highway. » Fosterconfidence in the govemment by improving the safety of
» Target customers are pubic structures such as schools and publc structures.
shelter-s, as welas private residences forthe wealhy. » Contrbute to the reduction of Co2 emissions by reducing cement
+ Estabish a sales model through localagents, and conduct consumption
; = . \_ P J
quality control on technical training for application. )

As of January ,2023
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1. Background

The Philippines is exposed to the risk of natural disasters such as typhoons, floods, earthquakes and volcanoes.
damaged. Regarding earthquake disasters, according to the Metro Manila Earthquake Disaster Mitigation Plan
Survey (March 2004), 165,300 ordinary houses in Metro Manila were severely damaged and 339,800 were
destroyed in the worst-case scenario with the West Valley fault as the epicenter. was partially damaged, with
over 33,500 dead and an estimated 313,600 injured.

Since 2004, the Philippines' economy has tripled in size over the past 10 years, and the rapidly expanding
urban functions are more fragile than they were in 2004, and there is a high possibility that earthquake damage
will increase. The last quake to be attributed to this fault was in 1658, and experts warn that another quake could

happen at any time.

In order to deal with natural disaster risks, the Philippine government enacted the Disaster Risk Reduction and
Management Act (RA10121) in 2010 to strengthen the disaster risk reduction and management system. In the
Duterte administration's medium-term development plan (2017-2022), efforts on disaster prevention and climate
change are positioned as cross-sectoral issues, reducing vulnerability to natural disasters and promoting safe
and secure development against natural disasters. One of the main measures is the construction of local
communities. On the other hand, some problems have been pointed out in promoting the measures. Taking the
example of schools under the jurisdiction of the Philippine Department of Education, according to a 2017
announcement by the ministry, 800,000 classrooms need to be reinforced against earthquakes, but only 600 have
been quake-resistant at present. Behind this is the fact that many schools have not been constructed according
to the design and the structures do not have the necessary earthquake resistance. The problem is that with the
current technology, there is no way to secure classrooms that guarantee earthquake resistance except by
rebuilding. In addition, since 2012, the Philippines has introduced a new education system called K-12, which
extends pre-university education from the conventional 10 years to the international standard of 12 years.

However, there are also situations where it is physically difficult to rebuild classrooms.

The Department of Public Works and Highways(DPWH), which is in charge of making public structures
earthquake-resistant, is paying close attention to this product and are strongly requesting a demonstration test
of Power Coating (Suggested technology) in the Philippines (application to CHB; Concrete Hollow Blocks,
which is a local building material). This technology does not require eviction during construction and prevents
temporary shortages of usable classrooms during construction and can be provided at about 1/15th the cost of
rebuilding classrooms, regardless of whether it is constructed as designed or not, and as mentioned above, it
does not require rebuilding. So this technology is expected to make a significant contribution to the seismic

retrofitting of schools.

2. Details of suggested technology
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Power Coating

A ||

Power Coating, suggested technology in this survey, is the fiber reinforced paint, whose prototype was invented
by SUZUKI, CEO of Aster Co., Ltd. and developed for the seismic retrofitting of masonry structures by him
and YAMAMOTO from the Univ. of Tokyo. In the several experiments done in the Univ. of Tokyo, the efficacy
for increasing seismic capacities for CHB block walls in Philippines has been proved. The advantages of this

Power Coating is below:

A) Easy for the application

Power Coating Is the liquid that has relatively high viscosity. And therefore skilled plasterer can easily
apply with spatulas. If the user does not have any skills of plastering if half day of training is enough for
the one to use it.

Because of this advantages it can be used anywhere in the world and there is no necessity of special skills

or engineers or equipment.

B) Applicable for both new and existing buildings

To improve the seismic capacity of the wall, all the one need to do is just coating. This works even on the
plaster. And therefore Power Coating can be applicable for both new and existing buildings. Especially the
potentials for existing buildings is highly expected in Philippines.

C) Cheap investment
If the wall collapses in the earthquake recently occurs frequently, the direct economic loss of the building
and indirect economic loss because of casualties is very high. Even though the wall is vulnerable, less than

1/10 of additional investment can enable the buildings vulnerable walls seismically improved.

D) Durability
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It has passed several tests following JIS durability testing including temperature fluctuation, water

saturating, algae, mold. Also, in the perspective of the actual on-site study, in Japanese market the prototype

has been used for more than 20 years and in one of the field that has been coated in 2000 the place still do

not have any problem. In Philippines, whose UV ray and average temperature is higher than in Japan, the

durability should be considered as 1/3, though.

3. Outline of this survey

(1) Purposes

In this survey, the proof of concept as a seismic retrofitting material to the public and private market in

Philippines were investigated. Especially,

A)

B)
0

the effectiveness of seismic reinforcement of Power Coating in the non-engineered walls of
Philippines large structures such as 3 or 4 stories with real Philippine substandard CHB.
exploring market possibilities of building in a private sector and build a business model
exploring market possibilities of building in a public sector and the possibility of utilization of

government procurements.

(2) Survey activities

To achieve the purpose above, the activities below were done in this survey.

A)

B)

0

D)

E)

the lab testing using real imported substandard CHB used in Philippines local area by doing material
testing and specimen testing under the monitoring of DPWH

the full scale shake table test of the wall in schools in Philippines using real imported substandard
CHB used in Philippines local area under the monitoring of DPWH

the pilot coating to investigate how the local contractors could be able to treat the product and check
the feasibility on the real wall in Philippines

communicating with large local potential partner in the construction market and get an idea of market
penetration and check how it works

having an enlightenment activities showing the achievement of A) and B) to the several sectors such

as ministries like DPWH and DepEd, or local government or private companies.

(3) Counterparts

Bureau of Research Standard (BRS) from DPWH

(related organization) Department of Education (DepEd)

(related organization) EEI Corporation (local private partner)
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(4) Target area

Metro Manila and Batangas Province, Philippines
(5) Duration

- Oct 2021 to Feb 2023
(6) Schedule

- Oct 2021 to Mar 2022: [remote] testing with BRS

- Apr2022: [remote] holding a seminar using the testing result for the enlightenment and reaction survey to
the several sectors such as ministries or local government or private companies

- Oct 2021 to Aug 2022: [remote] communicating with EEI Corporation for market penetration

- May 2021 to Nov 2022: [remote] communicating with BRS and sample testing in BRS laboratory for
product accreditation of Power Coating

- Dec 2022: Export *switch from remote activities to offline

- Jan 2023 to Feb 2023: Pilot Coating in the schools in Batangas District
4. Result of the survey
In this section the results will be shown according to the activities written in 3(2) Survey activities.

A) the lab testing using real imported substandard CHB used in Philippines local area by doing material

testing and specimen testing under the monitoring of DPWH

Under the monitoring of DPWH, an axial tensile testing of Power Coating and in-plane and out-of-plane testing
using imported CHB were conducted in the laboratory of both Univ. of Tokyo and BRS. The test result showed
Power Coating had both strength and deformation capacity, and therefore it improved the CHB specimens’ both

initial strength and also the deformability before and after the cracking of the CHB specimen itself.
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B) the full scale shake table test of the wall in schools in Philippines using real imported substandard

CHB used in Philippines local area under the monitoring of DPWH

The purpose of this project is to confirm the local applicability of this product by using construction materials
from the Philippines to see how effective this product is in strengthening non-structural wall. In order to confirm
the efficacy of the product on improving seismic capacity of Concrete Hollow Block (CHB), which is a typical
building material in the Philippines, a full-scale shake table test was conducted Comparing a non-engineered
model and coated with Power Coating model. The target structure was the 4 story school building with 20

classrooms. The most vulnerable wall was picked up and made as a wall samples on shake table test.

In the shaking table test the input motion was made from Kobe Earthquake (1995). The maximum PGA
measured with the accelerometers on the shake table in the testing was 1542 Gals and the seismic scale in
Philippines scale(PEIS) was VIII (JMA Scale 6+).
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After the shaking the non-engineered wall (right) that is made in the real situation in Philippines local area, not
following the building standard, had a large collapse of its wall and the damage was very similar to the typical
damages occurred in recent earthquakes in Philippines. On the other hand, the coated with Power Coating wall
(left), made under the same condition as the non-engineered wall but just coated with Power Coating, had almost

no damage.

C) the pilot coating to investigate how the local contractors could be able to treat the product and check

the feasibility on the real wall in Philippines

Finally the coating itself was finished but many expected and unexpected problems were occurred because of
the remote communication. The time of coating on schools was the 1* time for the local contractor to use Power
Coating. Therefore, the workability was out of their expectations and it took more time for the finishing. In the
communications before the actual coating remotely, many explanations for required skills and equipment were
given to them, but it was not followed well mainly because of the difference of construction customs. Therefore,
the lessons on this pilot coating was to make a time for real face-to-face communication and having a time for
training of the actual material. For a year the coating will be monitored for its durability under the climate of

Philippines.
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D) communicating with large local potential partner in the construction market and get an idea of

market penetration and check how it works

In discussions with EEI, a major general contractor, who is a candidate for a local sales and construction partner

in the Philippines, we have proposed a group structure as shown below.

i Direction/Monitoring/P-C_ _ _ Coat Direction/Monitoring/P-C_ _ _ Coat
—) | H : ; —) | | — :

Aster i Partner ! : Customer : Aster 1 Partner : Customer :

| 4—— : m : G :

—Gdnsilting & P-&Fee====) MONEYy “wssssecrrirse : e B bReemmm =l MONey ireseeeerseeet

l /Margin Share 4 r t /Margin Share I

EEI argues that the most important thing for market penetration is to have the designer, who is entrusted with
the design at the construction site, incorporate it into the design. Based on this idea, EEI Business Solutions Inc.
(EBSI), a subordinate organization (subsidiary) of EEI that deals with new materials from overseas, made a
presentation to designers at the exhibition. As a response, we received a market response that it cannot be
adopted unless there is a site where it has actually been applied, that is, there is no Proof of Concept (PoC).
Therefore, the pilot construction in C is an opportunity for both the proposing company and EEI to create the

necessary PoC on site.

E) having an enlightenment activities showing the achievement of A) and B) to the several sectors such

as ministries like DPWH and DepEd, or local government or private companies.

On the other hand, in order to clarify what kind of customer reactions there are, we carried out enlightenment
activities through seminars aimed at various sectors. Here, we invited potential customers of Power Coating
from each sector (local governments, ministries, local subsidiaries of Japanese companies, local contractors)
and observed their reactions. As a result, it was found that 94.3% were interested in this topic, including the
explanation of Power Coating, the results of shaking table experiments, and the current state of CHB. In addition,

62.9% answered that they would like to be directly involved in this project in the future.
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How satisfied were you with the symposium?

70 tFDEIZE
40
20 33 (47.1%)
20

10

0 (0%) 0 (0%)
" \ |
1 2

Which presentation interested you?
70 rDEE

@ Power Coating Product Introduction

@ Report on Shaking Table Experiment
and Material Test

@ Presentations on the Current Situation
and Challenges of Earthquake Damage
in the Philippines

@ Others

We are currently planning on a pilot project to seismically retrofit buildings in the Philippines.

Would you like to be among the first few to get t...rotected against earthquakes using Power Coating?
70 FOEZE

® Yes
® No

After the seminar, there was an offer for coating from a local factory of a Japanese company. In the factory
project, since they handle the parts of their own customers, there were inquiries about the safety of the factory,
and it became clear that they felt uneasy about the earthquake resistance of the factory built by CHB. As a result,
we confirmed that not only B to C but also B to B markets exist in the private market. We are currently working

on this.
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Also, in a presentation to the Undersecretary of DepEd, they answered that they would try to allocate a budget

so that they could be used as soon as the permit for government procurement was granted. It is a long-term

project, as one more year of monitoring is required at the pilot construction site before government procurement

begins, but we have learned that there is certainly demand in the public market as well.

S.

)

()]

Conclusion and future prospects

Conclusion

In the lab test using imported CHB, Power Coating improved both strength and deformation capacity of
CHB masonry specimens

In the shake table test targeted school building, Power Coating improved seismic capacity of CHB wall
and had almost no damage on input motion which is made from Kobe Earthquake (1995) and the PGA of
which was more than 1500 Gals

The pilot coating of local schools in Batangas region showed the importance of face-to-face
communications between makers and contractors (users) and try and error under the condition of local
construction culture. The durability will be investigated in 1 year of monitoring

In the communication and the 1* marketing by the local distributor to the architectures found that first PoC
showing the real structure coated is needed.

All the sectors including local governments, ministries, local subsidiaries of Japanese companies, local
contractors were found to be interested in the product Power Coating and CHB wall’s current situation in
the enlightenment seminar.

In the seminar, a new private market segment; local CHB factory of private company has been found that

is included in B to B business.
Future prospects

Pilot study has been done and this will be helpful to achieve the PoC and also the certification of
government procurement. From Feb 2022 to Feb 2023, the monitoring by Aster and DPWH-BRS will be
done to pass the phase.

After the achievement of the PoC the further discussion is needed with EBSI from EEI for the market
penetration and how to make a business model for each segment of market including private and public

sector.
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