HEI3E BAOHREZR—RLL-ENEBOEKE

3.1 EFOERLEE

(1) E=

O 74V BN TR RRar ) — Ty iEE Y N 5720 OfEx DT 7 a—F

INFETOT74VE L OEEYIZEE T 5 4 DES ., HlEREORES., T2z

BfR AL O E BRI LY hlear ) — T ay 7 Ea % kA7 07 7 a
—F LT U TDE T 7 a—F ORI SR X7,

7 74V OREEEUEL L COaL I — NI a2 iE O EDVERL

e

v

T4V T, S ELUE (NBCP National Building Code of the Philippines
1977 SRR, FEMIT, AR 2012 RSB AR LEICR1TS
SR LR AT BE DML 2 Jo O EREIZB DR A2 €D 2 74UE (1) 15
FRICID MG B KB EOEAT A EI O & LI R 21T e RO D it
UL EE 2NEH S TN D, BEEY ORIE L BVEIC OV T, 74U S AL
(NSCP National Structural Code of the Philippines) D% 1 &2V STV
%o ZHUTZFENTRHBRZEEM 2RI RELTEY, MBFEEIC OV TR, S BIERSI

3 BIZEDHTLEEINTWD (G EDOWET O T LD, FEMIE, A ARZ
%?ﬁ%\ 2012 FPERASHE BRI & LENZ 351 DAL EEFT vT il BE DV A Jo OV JH 52

REICRE T 2AENTTE 20 2 74U (1) 1M, )28, 53 3 BIXATEIMER ST
7R, ETo, FEREIEREIZ B S BB REEA R OIRREL 22> TWD, AN | BLIKTiE, Hi
RHICLD R ED EBERIFR LR > T3 7)) — Ty 7 iEOIKJE D/
FHETOFHAEIERE I Z DOV T OETEIER KRB DOIRFBL 72> TWVD, ZHLTRIL T
BUEARIENH O ZNO DA EEZ R 32281080 | BlAT O BEEEHLHI ] B DMk 7
DT, EESAOHEEDBHONDLZEDNFFTED,

INILFRE W) 2 kP G L UTAE AR T2 & OEAT HEDVERL

TAVE AT DEF ’oté/\it@%%@%@‘i NSREEE A LG, &

RENTNWD (—H, A ICEDbD0HD) . D6, R *aji/@ﬁ%i(Standard
Specifications) [ZHEV Y, B EHEEITD, fﬁﬁ@ﬁ“ﬁﬁﬁ‘%i BiFs7ays THIZ
HBUEILE S 72 b DI 5T D GEMIL, B ARERZES2 2020 @Eﬁt%@*ﬁ%f7
AVENNCBIT DR ET Ay 7 EDE RIZETOHAEMNIE €D 3 7(UE DT ry
I YEZ N IND I (B RO BN RRGER I S ) ZOBEERFELIZHD LT
HIEIZED ABED BT L7 vy VEOZRVED N LA EBLT AN TE
Do ZOT T —F OEEIIZRMHE LR GG TRNILEY THDH, Tt
BN OWTOHAT AR, REO@EMITHEN I, 2 BRI > T E
WO RE, AARZEDZLDETRLNDIIL THD,

KB EE O TIEORFEO B

31



ZAVEANTBWTERFTRE M O —aAMEEO & EZEEST (NHA
National Housing Authority) 237> T\, TOMAEE I Z/2086 . BRI ORM
Bl TIECOWTCOHMREEZRIET 222, FITFOEEEH T 2y = /7MNIE
W CHE 351 B (Acereditation of Innovative Technologies for Housing) 234/
SN TNS (2019 FEAT 1Y =/ MR A F 5% 5.3[NHA/DPWH L% 472
227V —b7uy 7 G T OME R OME || FESE 5.4,5.5,5.6 2|, ), 20O
il BE DEHE 72 G E, BFERITICRVHEESNDEETH LA, BRI D@
IZHEHASNALEDZETHY, ZOHIEIZIV R R T vy 7iEOE KB TED,
P, TAVEAZBNT GBI 2 R AL T DA 7Y — 7y 7 OA—=0—Th
DV e N MEERT— A=Y ) —EE | ZORBRER AL TD (2019 AT
nY /MRS ESSE 2% 5.5, 5.6 B2, ),

T a7V —rT ey ORI EIE O R RiAT D3R

2019 FEOILF T A BREFEMEIZLY, 22 7) =T vy 7 Ot ded TR R L
TeZEaTRIT, a7 — 7 my 7 OB OUET M T (2019 FEAT Ty
VMR EFEESE 5.6 NEMHEEL LOITHLEDEOME I SZR) , fil L2
%0 P PE A AL HLRS R (DTUBPS (Department of Trade and Industry,
Bureau of Product Standard)) Ti, 2O DOBSFE A— D — 25035728 D
THEIZID W EOSEZ X DT EEL TS (2022 4 2 A RE T, SRFMEOHE 1L E
BLTWRW),, 7402 BIT o3 7Y — Ty 7O Mg o EER K O —5
N7 vy BIROIKSEIZHLZEND, ZOT7 7 a—F 2 —EDOLENFEHTHZ
DRI CED,

I T ay I THREATOIANDOERED M L

B EPRA, i CBSGRERE NS, ar ) — T ay 7O Mgt o R
WO — 23R E G T THLHIENHEBS N TN D, 74D Tl IRz H
WA DI HE - B Ae Bl F A% (TESDA  Technical Education and Skills
Development Authority https:/www.tesda.gov.ph/) 73, fii % OFEZEF A1 T->T
W5, ZOHIZIE, A 7= 7 ay 7D — AL EENTVDN, +7R NI >
TORNEDZETHD (TAIE L DT Ty IA=T1—=noDET VD) , ZOFIFRONE
DEEAHDHZEITIY | B DERED M LAY, 270 — T vy 7 G0 &R
IC—EDWHFEZFEBLTHILNWRTED, WA, BARTIL, FREORFEIZDUVNT
[EARD B I OREEFIFEOHIEE D3 B0 | Braef & O B (Brae L ) 23 REL T\ D
(FF442 A 1 HHAE, 131 1fE) . £OH O BIFRORIELL T, [Ty ZJEE
MXRETRSTUND,

A R O EOZ AT D RO Mk

INFETOREILLY, 7AVENTEH, BV OHEM N2 H T A= — MR

FFAEL TOWDIENER TE WD, HHICEIUR, RER7 oy 728G L2V, i
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https://www.tesda.gov.ph/

EDD AR E TR O TIEAMAE TIED IR OBV, ARERDBHZFUTST T
HEDZETHD, BEMEZRORFED, BEYIORZ BT O TOREBERDDLIEIZLY,
ZOIOREBAWEL, SHIZH ERGWEO T ny 7 ORMEEDHIET, Baelea
OV —=T Yy IO R A~OE BB IRF CED, ZNETOIFEBOHTH, 74UE
pH T.223%P7 (PCCI Philippine Chamber of Commerce and Industry)) D%
DT, ZOXLEEOFERMHNHY, ZDO7=DIZFAIRHETO2E 134 iz HLTo
JRIRBY O~ ARAT 4T LDOBEEDIRE N -T2 (2019 FHEART 0 = 7 MRS &
H5% 5.4[PCCI B AL N — LD E RS | B H) ,
@ M EMEDOERR OB E
RIEIOE Y, Zairar ) —h T ay 7 iEHAN O L OT 7 a—F I3 4« OB OH
0D, ZOIH | AREEET, BT OIS EYEO R EICHRVATR, O RIE, L TDL
B,
T SR LA I SR E DO R E A
LRI BRI, 1977 FRAED D7 AV VL (NSCP) ICH DWW T FE S
SITND, EDOREEIZ OV TOHETENETHL 7 VM 5L E (NSCP) 1%, 1972
FAIMERRSIVTND, D%, ETAHEAT, 2015 FIZIXE 7 RAHRES TR,
R FE T LA FEERE IV T RELEL L THRESh, Z2<0H
WHEICIVEBICBOTEREN TV, ZH LTS BHIHIE [ L Bl e th 2
HNZE ST DN, 74V TILERL TEBY, 74V OB S D% E
DT Ta—F L THEMIES ZHID,
A BARBIBINAE OH 5,
A ARSI DOZ<1T, BEMOEMIEIEDOIER, HifT/2E TR, Mz a1 T
W5, Fio, BEEEHLHIHE ORBREA T 5ELSELTRY, s AR EDT 7 r—
F1I BABINE B> TODERICHE A LT2b D THD,
v TAIEANI T B — =D ERRE B AR E O FEBIR
T4V OBEREIT, REAOEMEZOFKTHL 74V ST E Hha
(ASEP Association of Structural Engineers of the Philippines) 23MERkL ., 41
T, BEEER TR TN EEEREDNEETHEVIFIER R LIRS TWD, (A
R, AT BV =7 MR BBV A TWZIEN TN D, FilZ I, 2019 45
[ZFML T, HARSOBEAWIZERL T, TEOGIKIAD, ATEHEE . BIMRIERE . 5
W A— T — T2 E ORARIERE - 7 —T 72804 1 44 (BEFT 7T £4) IC8 85543
7oz, ZORS, RS T, FEMEMERRZ Y 7288 2 44800 (55 3 4
INBIN) CHESMSEL72LE | FEmRAR IS ZTT> TN D,
T, ARV DO FEFA N— T, ZTIVET HARBRR RS ERE B A MER 5
INFEBRITEWT, ORGSR BEILUELR L 2OV TOFHEM I FL A
TWD, ZOIFEIOH T, 7V AXEBEANCIAS S IRENTWDT AU 71 D FEAEHEHL
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DREERETHLZELHY , FERMEMIEORI R LI > TV, ZD728), 2010 4
DR/ EEZFREZ MG 2011 4 12 B2, AHE~ORYOET I 752475 T
Pk, 74V ARIEIEMEIZ OV TO BRGNS, A HOZNE O ELHEIZHE-T7
REHEHIEERL THHW, Z OB E T, T OFREROEBES#E TOLRIRER,
BRI AL R—D HARSDHA~NJICA 7adx/hO—8) 728 | BRSO s
g HRTETRY, ADEHEMRN CEIEL IR LR>TND,
T 2020 FEFEICBITDA LU TA BB IDMBIE A
T4 AR B CTh D7 A U ARG HIN T a1, 2018 FEDOAT
nY 7 MRBREE DD, 74 VEANO FER RO — DL LT TV 7| B R
ErERTEl, Fillan U AV AEGLIERIZ IV B A, i~V R 77
2020 FEIIL, R E3BIOA T 2ika Bl .
s AARMITE 2 QDR 7) — N ay 7 O RO - OF I (74U
UREIEFEEO I E L CODHIERM O ER AL C VD2 E x5 Te)
s T4V THYER L | S 57280 DFE 2 DFEIRLIZ SNV T O BASHR
FROBIREOI S | 74U AR BN s &L R CHA R EA R T2 &
\ZHEEARM2 B
ATV, TOFERE | 74V A EHINE e L b E R ERN R 06 EE
(Memorandum of Agreement 202146 A 1 Hf+F) IZFLD T,
(2) BEHEBIOHE

RSO A EEICHSE, 2021 FEDOIEHO—2LL T, AL TAORFEE, FTieDlEy

Bt L7, (K [EIDOSINHEY AN K O FEx 2 UsAT)

%5 1[8]:2021 4= 8 A 23 H

H2m:F9H21H

% 31E:[A 10 H 18 H

% 4l:F 11 A 15 H

% b5M[:F 12 H 13 H

% 6m:202241 H 17 H

BT7RE:FE2HT7H

% 8 [A 2 H 28 H (FH~WRHZ PEL TOEERBROEEOELL T, RO
WO T A2 L D5)

o, FORRE, TV ARERINE e B BEITBRRE | — R EITE RSB AR L
THHHIEEBIT, 5B OED FEMFT 50D —r 9y 7% 2022 4 2 A 16 HIZAIA
OB LT, BRI, BT 7.4 BURHE S S W,

* BB 1 FUTAVRFEDOSIMEY AL

* B 2 AU TA R R O T

@060 06

(B IRFRERE)
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3. 2 %E CB ELZDEMEEREDFH#

(—#h) LB LA = Tl 2018 FERWINDEZZE O e a2 T 740 2Bl
BRI Ty JEEAT O K [\ AT Y 2 s Mt TG, FOH T, s ) —
N7y 7 (CB) IEIZ DWW TLL R DIH72 2855 2 TD,

(1) B EREENHSBEEORRBIZ OV TOHERKR

(#b) ALMEE A F TS O 2007 FOWEEFT (2XDE, TBUROMAEE 21T DA I
T AR ST DR DN TIRD L7 a1 85,

*1(fh) byl B E AT 2 T AL 5 RM (R EHF%EE B A H45#12007.3

O HBTIHEOKE

7 BRI ORI

A B RC O
@ M TS E

A T

= B OEROME T 5k
@ 2=vhOHE

7 a=yhoREt

B 2=y hOREREMER

@ A=xNVARXNDIEIEETAT AT a X

¥ A=y LA

7 SGATYAINARNDE L FFDIEE

7 R REA =%/ X
® TLxTUT LR UE

o ERHLE D DARMAE BLE LT 3R AL TE
® Y —~OMEEDRE

T MBEN Y — OB L7 D LD 7 xR

v A=Y BRI LA — DR E

CB D% TIEOREIC L 2o T, EFD D~1DIH T HMRFE RO INCEZ TS,

T BCRERAT OB

HREZ A T 2L D N RERRITHER T 2 2 LI | B T 07Kt CB 2
DIENTEDTIENEEL, ZOMIE D —ONERBATIETHS, CB 2=y D~k
REEE D20 BT, (H B LAV L C) BUCHIA R CHE N OBANTIZLAL 7L,
A OB — AT T T, CB =y M flA B R TO B CRisM BRI E
Uit Bl 2 HOWCGHE BB ETH L0 (K 3.2.1), Sk T Ta=yMHEICE
DR TRITI L, ZNEBUTHAL RO T 2R G bE T, Zhic2=yk
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EAROIAIFE A EIT QORI TIENFLTHD,

o
e [H o

o .‘....-.4:”:)n> e .:._H

I—J{ P = B 2 2 0 @ = i = 7 g |
i BEED OB X AMORE TOo 0 TEEE FEEPomE | gAEcHT | ERGGosm |
7|7 E |+ | & | & [ ¢ [&]x %1% :i"?_*j’% AU E 0 ! nen .
4 | - 3 5~100.0 | [
19 § | %% ! :? | ig :? 183,51 | | T
- 1 1 E P | =
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U oml F % X : ”l e | ==
PHN=IEERIE RN = =
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oz & | o ale | s
3? 10 9 4 ;-8 7 IR T I B Y
BEIREREAE AR RERE AL
3 - 3 : t. e A N A S IR
B 23 :1!5 ; : % R R
=R Y A IO B B G :;S
3 %3 : S L B é RERE A
L ¥ & & + T
i‘ 10: 5 :é il
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il -0.5
H

¥ & & &
=y 0.3 -3_| -1.5] 8| - AR

. Ba R , . I D I
ﬁ :g‘a 73 33 1 ;e:g ga ol ;_I% 8 ] — —_—
# 5 g 1.5 - - : . -0 - 2 ! f—— m——'__ﬂg
z z :é-a :?'5 A R fa :l: B3 == —_
q30 80 a1 - o I G N =

* 0 ' 0 s :.}‘ iy ! T 3 [ [y 3 R ! C 3

o0 alalal=xls R R ] J

3.2.1 AR EERIER R (IO RICEKD) 278
*Q N A RAGEAARE LIEIC LD RM #EO FE R o — U 27 LB (BR)
*3 P B TR 78k A W - & RBEHLRE TIEIZED RM &0 EA{LICRE 320158
(2D 2 RM == b ARG M QNG -8R OF& - [HIRE) | IRFN 62 45 A ARREELY:
eSS R

A Bl RC THORED

CB Dl TAPEIZIT RC THAMDSEDNERH LM, EERO BB CIIBp
ZRWEBIGFT a7 — R en RO ITHHAL TV (BE 3.2.1), ZOMPRIKEL T,
BESHER DL ED OFHMEAL D T2 = MR N E N~ T il e = "R 5, 72720, =
=y hOFEHA RS JIERLIIRNTONTT 572D | BAR 2= 2=y 2 fICT 5, F
72, CB & ICBE T 06RO E N5 2 07 Tk, S IIZBG T H OO I K Ok
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I ANSTZb DDMBPERFRFIS AR E TNDHID ThD, Ll M IBEIZAE 3 D80 EL A
BHEBET DL, BRI R EREIR N DAECLRNID RGNS FRETHD (BIR N AL D
Lra XM EEN AT 5 AW N2 IRIS T D) 726 | BGOSR 2 KR iR 2 Lg
RETEATOZ LN REL 72D,

B 3.2.1 ARSI ELILNEEE (CB iED LHEHLY)

v BEETEIE

WEMEDH DA 7 —NETITE VXN EHODRE S RE TIE T REOZERIZH, BACIA
DHILTWDZERE ML TV RESNDO T, B m R TRES N WS 2T D08
FEAE 7 ZAIUTIEHRE Tz 1994 & 2020 i T.FEH (*4, *5, 5 H 3.2.2)
THAESINTND, B @ TR O BRI E SHAE 1T K 400gr/cm?2 L7257 T2, fllJE

(2L D5 CB OB &N A BT 12895 7713 (10%x20%400gr=80kgr) 8O0N F2 &£ L7eh | H
2L DO AKDIRE A 0.25MPa &35 H O mEEIT 3,200 nm 2=32cm?2 L7205,
3.2.2 O HHIOHFEIT 0.6%2x39=46.8cm? 725, H ﬂﬁbx%@ﬁ“ﬁ%@ﬁh%%“f:&b
H #UZIZIMANDE VLV EBDIAT DT, HHIEAZ L BELL TS E 11X, 2T TR EE
PHCZENTED, 0B, VIV M FRE LRV & iR 212137 7?%&1%@% FALT
INLEET DD, 20T RO =y MK 3.2.2) Z AV, M STEBEDFFAMN /1% RS
(2 0L EASATHE) MERERAOL ., GO B HELZFHDDHIIELEZLND,

*4 bR E e B TR EET, (f) AL E A 7 vy Z s | ARMRE A T3 (BR) 17
By THIZBT 5777 O & FE TEO B AL 6(19904: 3 A

*5 JbigE LM E A T ARSEAT. (kL) AbMEE A T vy s ey | ALHEE A T3 ()
[T vy THIZEBIT L7 T OB ST TIEOBSE | Rk 7(1995)4F 3 H
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i
i

3.2.2 FEEFEOM T35 (2020 4F 11 A)

3.2.2 A% CB40x20 ! B =y (%) & E 2=k (F)

=~  BARE O L5k

LA EDEFITITEAR =y M W23, B B OMERIC I3 E =y M v (=
=y hOFEEE VIR T D720 JEEE - TEE IS IT A= N WD, 72721, BRI BB L1 -
TR E T 2R S DT | JERE - FERER VROV FHEATO IERE - TERE
2=y OB ZHILD,

I =y hoORgE{l

2=y bR EAIIEEEOM EIZFH 5T 5, CB 2=y OB EIZITT oA AT 2 /LR
ULy 7 DIEH (20mm FEE THRIER[REL b ND) O 2= hOSHEEFENE 2D
b, 2=y FiEE 40x20cm 75 45x15em (2T HE 2=y NI T/ha<7e0, B E b L/s
% (4 3.2.3),
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71 CBa=yrOEEkEDM k

WAEELICLDETBUR CB 2=y hORRIZ T R — a2l NELLARL, BARADHEIER
REBEBICEAL TCWORWEDERLHD I OT, BIEEZH LSEL-0ME D=y
BH T 5 (2= b HE 40x20em OFMEREELIT 1:2, 45x15em 1E 1: 38725, [X] 3.2.3) Z&M
EZOND, Fo, F HHUEDD Tk B i (R o BiETa=y MRD LiF52e
) BHICATREE D=y M K> TREIEMZ M ESEAZ LR TED,

3.2.3 2% CB45x15 % B =y (%) & E 2=k (47)

¥ @O BEREREORM -

2=y MNRED 1/2 TAMANE IR FTEEZ: CB =y M HWAE ATLE DT 1L (BLER
IZIZ =y rDJEA 15em) DffgiL B H2S I REL 72D | DM D70 B #i 3 2— 4 Al 6E
7% (X 8.2.4),

mEnEnEnEnlnEnEnle)

us]

=

(@]

X

DO

(@]

=
44444443444444

m
g444444

=

DO

[ [ [ [ [ [ [ [ | \ [ [ [ [ [ [ \
I I I I [ [ I I I I I I I I I I I

I I [ [ I I I I ] [ I I I I I I I
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [

I I [ [ I I I I ] [ I I I I I I |
I I I I [ [ I I I I I I I I I I I

[ [ [ [ [ [ [ [ | \ [ [ [ [ [ [ \
I I I I [ [ I I I I I I I I I I I

I I [ [ I I I I ] [ I I I I I I I
I I I I [ [ I I I I I I I I I I I

[ [ [ [ [ [ [ [ | \ [ [ [ [ [ [ \
I I I I [ [ I I I I I I I I I I I

I I [ [ I I I I ] [ I I I I I I I
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [

I I [ [ I I I I ] [ I I I I I I I I

c) CB45x15 fi%AL H #h 3/8 d) CB45x15 %AV H #h 1/2

3.2.4 T2 DR H (LR ORI B HiA AT 6E)
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7 A= LA AROET

BEHES % OB R D EO L L LA Tikk BET. BRI, 2202
i o U L M T.0 A AL, BB - SRAL, BEACHE - SEZE A O flS L7 2
D, A=y LA AR D,

T TAT YA AR

MRS E DTA TP AN ARMEL R DT EITEEIZ 0> TWAD T, Fa it 454557
05T MR ERAERRL . BRI — o —F — [T B Ch 5T
a1,

A IRGERIREA =T p A X]

AAOEIRA BRI RE T OGO L, BHIE T O mikika - 7ob OO & 2R3
MEERHA LD ThHD, ALEE ISR EmEE T EOEERHY | P75 PN 225 L[5 1
I TR T H T 5REDA) Y MLV ZLD AN &2 IZH > THOIEEIZ1T9,

T AR ED AR R U7 G R HLUE
HARBLE 28 ) D72 L, BUEN A DI E R RO IE ERR S CRREMCELHNEL T2,

W EO MR ELE ORI, 1982 FH MHIE CHEHEE%Z(T7- CB AT EIC S
SEBLRWEE CThH o7z, 2011 A8 B AR KRER TIEfisR CB & ICHE2e i EIzE A
ERRN(TT20 | FEREIEEM IR ERLE LT TND) o IRILETO(EBIZEIR AT 7 D i
ZHEE DT TUZA, ZHUTAD (Bl ZAEM D L7028 D) RSO o T BRI AL T2 &b
%o Flo, BERICE DM O PEIRIC > TREH V2 CB EEELH T, ZHHDOHEEFEND
TR CB &3 E IR REER G L RN R HY | SRR T AR N Z<H D,
B Z X, M S BEAE I AW F RIS S EE 2 RO DS, EBRICED FIREICHARER 0.7 25
U, SO AE I LR L L CRERZ 1.5 5L T D,

(KL D L)

BRI, 1981 DD IS AL TV D BTN AR 5 & O AR IE O BE T i |3 [ E fof A 5
REVDRVIEL RAELY (BARATE 147kg/m2, [ E 170kg/m) . HFE D 1/3 1 XIEMEE
BEDAMTLHEORE TROTHDTH-72 (2000 FOREITHLLIE TIHMEN AT D
LT RIAEIRWHIE Lo T0) . IS, ARE DN S BEICITBERS RIS S AW ) 8
SEENAE T 56D LT, CB EDIS HEFICIDBIEREL 1.6 DI/ EITR2 0,
KIEDI FIBENZZ DKM & BEE SR TR LTV T, BERFR 113 200kg/m The KT 5 72
ST%, CB i&E(fif /78 JEE 150mm) TRS 1m ZEEGSR TR T LM /I 18.75 L7ed

PRIEAE M 720 O & (BIR T E 1000 kg/m2, R #E 1300kg/m?2) % L# 95 & CB ik
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REDK) T F5720T, ZOEIG THEAE T HEBERLRIL 2.7 L2, ¥, BFHLT DL )
X2 (EFREEHE 2 20D T, M EERRE R (BESR) 13 1/2 IR CE |, £ DOFROBEG 31T 5.4 [THHY
‘a—éo

v a— P~ OGRS

— . — P3RS (CB &) 2@ D — 2L oI T E— L3572, 2—%—
DELIIGELIA=2— 2 FRESE DL ERHD, 72 CB &ML DRI T 53
Ty bfELZlb — R THD,

(2) HrekBEE(2x4) Tk CB EDEY 22—/ DT

PRAELEE (2x4) Tk AL kD B8 AN LT BT AR B EZ SR IC B R 2R L 7z, dE Kk o i

(stud) HIl@EIL 16 1> F (40cm) THo7=M, HARICEALZBRIZIZHADEY 2a— b7 &

(272 B12AH B % BHoRTIIHERMIREZ 50cm DL FELTZRRFENH D, ik Fr e bR I
450mm F72iE 455mm ERVTEROARE TIELRHT22EHITONTNDLL ThHD, ZD72H
BHRMD R — R IERNOD 3x6 ROR—REFALZDEELOI LN TE, BUEIZES>TND,

—J7, CBO=2=y NEX 390mm (H 15 5L 400mm, 16 A F) 1Tk BIEOFEET, H
ARKOFY 2— VT EDOHEHENEFHIEICE ST, BIE CB &2 PHEFRNOIFEA L HE
THILTWRWERK O—DIZE /:L—/l/ﬂ%ﬁf"i.“bfb\6&93\202}%50 Hold, 2011 R H ARKE
KIZLAHEBE LR 252 1T CTOREENITITIZIERRICESTZRILEITO CB &EEZEICIX
45x15x15ecm D=y ;Miiioi TV (sé 3.2.3), FHHTIZ7e< CB 2=y DJEHD 15cm
THOENWH M THS72D T, TV 2a—/LE HRICE DY, 220 B ARZ—NZELE R 5
RANBH-TZ, LnL, 20 CB X EEIITIEN LR -T2 L5 THHN, e HMiEoH5
CB & THLHEHE-STND,

BH 3.2.3(1) HHAKEKICIDHERD) - HEE SO A 7AliTR CB i& (18 ko AR ITHT)
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BH 3.2.3(2) W HAREKICIDHED) - HEE IO A 7AliTR CB 1& (18 5 W ITHT)

(3) CBHBEDOTAILTIE
ALJ Bi#E*6 TIIRDIHIZ CB &D A,B,C FOFFEIS /A (BALTW T 70h MPa=N/mn 2)
ZRDTND,
*6 (—Fh) A AL s TRE AR & BICRER FHHLMELE - [FIfian (A—Y U —#f) 12006.3

1)
2)
3)
4)
5)
6)

=y hOIKEIRE 0(A:4, B:6, C:8)

FAFEEREL 0.7 AU CHESESREE F'im (A:2.8, B:4.2, C:5.6)

E#FAEMRSAEL Fin © 1/3(A:0.93, B:1.40, C:1.86)

EHE ARSI (2/7.50N(0.1 Fim) (A:0.14, B:0.17, C:0.20)
EMFREMRSAETIEL O 2 £%(A:1.86, B:2.80, C:3.73)

ARG NEILENO 1.5 f537bb(©2/7.5)x1.5=1/2.5 L7250 T, V(0.1
Fm)/2.5(A:0.21, B:0.25, C:0.30)

L ED IS5 TEY, OB TRE D=y M VBB T, ERRO IR E 2 S
WZAERDFHEAT o TRNWEB 2 DD, 7ok, EEL QD EK 3.2.1 OMEEER (XY FH Dt 7
BEO 7K W FE O RN O IR RIFE I 632 EA) 1T AWTRFER IS /1 E % 0.25 (MPa=N/mm 2) 2L-X
—AVYIREL 0.2 TITo TV D, Fio, HERERIIIS HEFICLDEIEREL 1.5 15 ENT

WD,

7% 3.2.1: &P Y ERER

RO 2 PEEE DY) 3 e D S
HEEY) 1 2 [ 1 [ 2 [ 3 [
1.20% 2.76% 1.46% 4.32% 3.20% 1.70%

(4) 74V DORAEIZ LD EDKRT
T4V VHLE (NSCP) (208-9) iz kAL KB EEM D X—2 ¥ VIR THEZ 6N,
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(38.2.1)

FRXE W TR ER—2Y%E Cs 720, Ca=0.44Na, Na [IWrEEiakc(Wr@ET
DOIREEA 10km LA EOE) 1.0, EE R 3@ 04 1.0, R 77 72— 5
BEREE DG 4.5 720D T, CBIZIRD IR D,

(3.2.2)

Fo T, 74V DM ERAEIC LD R — A VIRET 0.244 L7253, Zive FIVWTHREERR &
2179, AARTIIN—ATYIREL 0.2 THMIFFARGTZ1T->ThY., ZOFERIC AL BIEETITEA
Wi EEZ O OEINREDIZE FIREZ R T 3.2.56 O 1 F FOAMHFLL TND, TR
FHCITOS AT, RIS NEEZZNLV D UEIVIEL THDO7RW B 2 HD, KEOIEETIE
T EAREE 1.4 LU TGRS TIRRENNAD) SRR GHIATUIZRED DY | ZOREEDEIIE LY
BEZHNAHD, OOEISRE D FIREIZIV (X 83.2.5 O T2 2 &HO M) 25512, HE
EAHCHAWDEAWTEFAIS I EEN0.1 Fin)/2 GEHFFRE ARG IED 1.25 f5) ELTHRWN
ThA), ZOIINTEZDHEHRDN—ZA VR 0.2 1Z74VE LD 0.25 ITHY 5, ZOFER
NG, HEWTES 10km LLEO 4 KR CIEEL TWDBESR X7 VU HIEE T R 95, 708,
AT Na=1.0 L7228, BEEno#iEET E A 5km UL EDOHA1X Na=1.2 L7250 T, HigEW=E
735 10km LAN CIEW @R A U T 3.2.1 OMBEEEREZMESE LML ENH D,

3.2.5 i@ CB &Il J1BED ¥ AW ) E

CFrilithi )
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Background and Policy of the RCHB Guideline
based on Japanese Experience

Yuji Ishiyama*

* Professor Emeritus of Hokkaido University, Executive Director of NewsT Reserch Lab. Co.Ltd.

1 Introduction

Concrete hollow blocks (CHB) are widely used in
the Philippines for low-rise buildings and for non-
structural walls. Most of them are manufactured by
small-scale factories with little quality control, and
the buildings of CHB construction are often dam-
aged by natural disasters such as earthquakes and
typhoons. The buildings of CHB construction in
Japan, on the other hand, are well reinforced and
have survived many severe earthquakes, tsunamis

(Fig.1) and typhoons. They are also fire-resistant.

Figure 1: CHB house that survived 2011 Great East
Japan Earthquake and Tsunami

Roof dab

Horizontal rgbar
db=10 mm|@400|

Vertical retiar
db=10 mm|@400|

Window,

Bearing wall
(shear wall)

dbF12 min rebay
at wall engls & arjound openir

Hoor dab
dbF12mm rebay Horizontal rgbar
at wall engis & around openings db=10 mm| @400
Vertical reliar
Door db=10 mm|@400|
Bearing wall
(shear wall)
GL
[ I
[ Foundation

Figure 2: Improved CHB construction
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In order to introduce Reinforced CHB (RCHB)
construction (Fig.2) to the Philippines, Hokkaido
Building Engineering Association (HoBEA) started
the project in 2018 that has been supported and fi-
nanced by the Ministry of Land, Infrastructure, Trans-
port and Tourism (MLIT) of the Japanese Govern-
ment. The RCHB construction to be proposed is not
a copy of Japanese construction, but it is the im-
proved one with new concepts so that it would be
accepted in the Philippines.

The draft of the “Guideline for the Engineered
RCHB Construction in the Philippines” has been pre-
pared in cooperation with Association of Structural
Engineers of the Philippines (ASEP) and HoBEA.
This report is to explain the concept and background
of the guideline. It also confirms the structural ca-
pacity of RCHB construction that includes new prac-
tice, considering out-of-plane and in-plane capacity of
RCHB bearing walls, etc.

2 Structural Capacity of RCHB

2.1 Vertical load bearing capacity

Basically RCHB construction requires no columns.
Therefore, the vertical load capacity of bearing walls
is one of the most important issues.

Buckling load of a height & bearing wall (sup-
ported at both ends) is as follows (Fig.3).

ET
Pk = WQﬁ (1)
P«
th
b
h El
%5, e S
.40 |
P«

Figure 3: Buckling of CHB walls

Young’s modulus E of CHB is as follows',

E = 2.1 (kN/mm?) (2)

TFor a CHB unit of Type B of Japanese Industrial Standard
(JI8), By /3=>5000m (N/mm?) and F/ =4.2 (N/mm?2).

m




The moment of inertia I for a rectangular section

is as follows. b3
I=— (3)
12

Nominal dimensions of a CHB unit are b=400(mm)

and ¢t = 150 (mm). Assuming that the thickness of
face shell is 25mm, the moment of inertia I of a unit
for face shell only becomes as follows.

;_ 400 % 150° 400 x 100°

=112.5x10%-33.3x10°
D D 5x109-33.3x10

=79.2 x 10%(mm?*) (4)

Therefore, the buckling load Py for the 3000(mm)
high CHB wall is given as follows.

g2 21X T92x 106

P
k 30002

= 182.2 (kN) (5)
Converting the above, we have the buckling stress

oy as follows.
182.2 x 1000

=3.04(N 2
100 < 150~ 504 (N/mm?) (6)

Ok =

The weight of the roof floor per unit area is 10 kN /m?

and the wall ratio is 0.0012 (Table 3). Since the walls
are in X and Y directions, the compressive stress o,
of the bearing wall becomes as follows.

10 x 1000/1000000

— 2
Oc 0012 x 2 = 0417 (N/mm*) (7)

Incidentally the long-term allowable compressive
stress of CHB of Type B is 1.4 (N/mm?).

The above calculation shows that the compressive
stress acting to CHB walls is much less than allowable
stress or buckling stress.

Therefore, we can conclude that the bearing walls
have enough capacity against vertical load (even if
stress concentration may happen). As to two or three
story buildings, the wall ratio becomes larger (Table
3) and the above conclusion remains the same.

2.2 QOut-of-plane capacity of wall
2.2.1 Bending moment and wall support

The wall is subjected to uniform lateral loads w caused
by seismic force or wind pressure (Fig.4a). The bend-
ing moment distribution differs accoding to the sup-
port conditiones. In case both ends are fixed as
Fig.4b), the maximum bending moment is f—zwh2 at
both supports. In case the bottom is fixed and the
top is simply supported, the maximum bendng mo-
ment is fwh? at the bottom as shown in Fig.4c). In
case both ends are simply supported, the maximum
bendng moment is éwh2 at the middle as shown in
Fig.4d). In case only the bottom is fixed and the
top is free, the maximum moment at the bottom be-
comes swh? as shown in Fig.4e) that is extremely
larger than other cases. And this is one of the reasons
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Figure 4: Out-of-plane load and bending moments

of CHB fences have been overturned during earth-
quakes.

Therefore, walls should be supported at both ends,
and put continuous rebars to resist the bending mo-
mente of %th which may occur at the midhigh of
wall.

In case only the bottom of wall is fixed, the wall
height should not exceed 1/2 of other walls and ver-
tical rebars should be anchored to the supporting
members or foundations that have enough capacity
against overturning moment of the wall.

2.2.2 Vertical rebars for out-of-plane load

Referring Fig.4b)~d), the maximum bending mo-
ment to design walls that are supported at both ends
is given as follows.

wh?
Mmax = T (8)

Let us assume that vertical rebars resist tensile
force, CHB resists compresive force and out-of-plane
seismic factor is k. Then, let the weight of CHB wall
be 20kN/m?T, the thickness of the wall dm and for
the width 0.4m, w is given as follows',

w=kx20x04d=Fkx8d(kN/m/0.4m) (9)
Substituting the above into Eq.(8), we have
Mpyax = kdh? (10)

In case the vertical rebar is placed at the center of
wall and its allowable tensile force is T', the allowable
bending capacity M, is given as follows?.

Maszﬁxzzngzo.?ﬂsdT (11)

[\]

Equating Eq.(10) and Eq.(11), we have
kh?=0.375T (12)

(Since the thickness d of CHB is proportional to the
weight w, the thickness has no influence).

TThis may be too large. But it may be reasonable including
the weight of finishings.

fWind prsssure is 2.7kN/m? for partition walls in BSL
(Building Standard Law of Japan) enforcement order. This
means that 1g seismic force for CHB walls more than 0.135 m
in thickness is larger that wind pressure. For low rise buldings
wind pressure may be less than 2.7 kN/m?2.

8In case joint mortar is inder71ted, d becomes smaller for 1

~2mm, but the factor %can be g. Therefore, using % and the

influence of indented joints is ignored in the calculation.



The sectional area of the rebar di, = 10mm is
78.5mm? and the yield strength of 230R is 230N /mm?,
so that the allowable tensile strength becomes T =
18.1kN. Therefore, for k=1.0, |

h=26lm (13)

For d, = 12mm rebar, the area is 113mm?, then
T=26kN and h=3.12m.

The above calculation shows that the hight of wall
is 2.61 m with dp =10mm @400mm and 3.12m with
dp=12mm @400mm (Table 1).

Table 1: Rebar and height of CHB wall

Out-of-plane seismic factor 1.0
Vertical rebar spacing 0.4m

Rebar dp, =10mm 2.61m

230R d,=12mm 3.12m

2.3 In-plane shear capacity of wall

2.3.1 In-plane shear strength

According to the ALJ Structural Standard?, in-plane
shear stress of reinforced CHB is 0.25~0.3 N/mm? at
cracking level and it is aumented approximately three
times at ultimate capacity level of 0.75~0.9 N/mm?.
Therefore, we may assume that shear strength is 0.25
N/mm? for allowable stress design, and 0.3 N/mm?
for strength design (Table 2).

Table 2: Shear strength of CHB wall for design
Shear strength (N/mm?)
0.25
0.30

Design method

Allowable stress design

Strength design

2.3.2 Base shear factor

(BSL of Japan)

According to Building Standard Law (BSL)?), the
design base shear factor of short period structures is
0.2 for allowable stress design in most areas in Japan
including Tokyo. Therefore, design base shear factor
of 0.2 at allowable stress level means that the base
shear factor at ultimate shear level becomes apporx-
imately 0.6. This indicates that design base shear
factor is 0.6 for ultimate capacity level, i.e. the struc-
tural characteristic factor is Dg=0.6 in Japanese seis-
mic code. Since the maximum value of D, is 0.55 for
the most brittle RC structures, Ds=0.6 is acceptable
comparing this value with the values of other types
of structures. Furthermore, the design wall ratio is
increased by 1.5 times of required wall ratio (Table
3). This indicate the ultimate capacity of RCHB con-
struction is 0.9.

(NSCP)
Accorrding to “Sec. 208.5.2 Static Force Proce-
dure” of NSCP 2015, the design base shear V' of short
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period structures is given as follows (Eq.(208-9)).

250, 1
- R

where, C, = 0.44N, for the zone Z = 0.4 and for the
soil profile type Sp or Sg. The near-source factor
N, = 1.0 for the distance to the fault is more than
15 km regardless of seismic source types. The impor-
tance factor for ordinary structures is I = 1.0. R
is the reduction factor to consider overstrength and
ductility, and R = 4.5 for masonry shear walls (Ta-
ble 208-11C). W is the total weight of the strcuture.
Therefore, the base shear factor Cg = V/W is ob-
tained as follows.

25X 0.44 x 1.0 x 1.0
N 4.5

Base shear factor Cg =0.244 using 0.30 for strength
design is almost equvalent to Cg=0.2 using 0.25 for
allowable stress design (0.244,/0.3=0.81, 0.2/0.25=0.8).
Therefore, the design wall ratio pq of Table 3 that is
derived for the base shear factor Cg = 0.2 can be
accepted in the Philippines. However, in case Near-
Source Factor N, > 1.0, pq should be incresed by
multiplying N,.

v w

(14)

Cp =0.244  (15)

2.3.3 Required wall ratio

Assuming the base shear factor is 0.2, the weight of
roof floor is 10kN/m? and the allowable shear stress
of CHBY is 0.25N/mm?, the required wall ratio p,
(sum of horizontal sectional area of walls in the direc-
tion concerned diveded by the floor arear) for single
story buildings is given as follows.

pr = 0.2x10x1,000/(0.25%1,000%) = 0.008 = 0.80%

(16)
Considering the stress concentration of 1.5, the de-
sign wall ratio pq is given as follows.

pa = 0.0120 = 1.20% (17)

For two and three story buildings, assuming the
weight per floor area is 13kN/m?, A; of the next
formula becomes As = 1.213 for two story buildings
where ag = 0.435 and T = 0.14 (s), and A3 = 1.417
and A; = 1.158 for three story buldings where ag =
0.278, ag = 0.639 and T = 0.21 (s). The wall ratios
of two story buildings and three story buildings are
calculated as shown in Table 3.

1 2T
NG i) 1+3T

The values in Table 3 can be adjusted multiplying
Z/0.4 and should be increased by Near-Source Factor
N,>1.0.

Since upper bearing walls supported by lower bear-
ing walls should be considered to be structurally ef-
fective, the wall ratio of upper story includes only
the parts of bearing walls on the lower bearing walls
(Fig.5).

Ai:1+( (18)



Table 3: Wall ratios for each story and direction

Number of stories 1story 2 story
Story concerned 1st 1st 2nd
Required wall ratio* p: 0.0080 | 0.0184 | 0.0097
Design wall ratio* pq 0.0120 | 0.0276 | 0.0146
Wall length** (mm/m?) 80 184 97
ALJ Standard** (mm/m?) | 150 180 150
Number of stories 3 story
Story concerned 1st 2nd 3rd
Required wall ratio* p, 0.0288 | 0.0213 | 0.0113
Design wall ratio* pq 0.0432 | 0.0320 | 0.0170
Wall length** (mm/m?) 288 213 113
AIJ Standard** (mm/m?) | 250 180 150

* Sum of horizontal sectional area of walls for each direc-
tion diveded by the floor area

** Wall lenght per floor area for 150 mm thick wall
(Article 62 of BSL Enforcement Order, it shall be more
than 150 mm/m?.)

Figure 5: Effective part of bearing wall (b.) for wall
ratio calculation

2.4 Uplift of bearing walls
2.4.1 Uplift of bearing walls and critical ratio

(Single story bearing wall)

A wall is subjectd to horizonat force P and verti-
cal force W as shown in Fig.6. For the wall of width
b and height h, neglecting tensile strenght of the wall
and its rebars, the moment equilibrium around O is
given as follows.

Ph = %boW—i—boT (19)
where, T is the tensile force of the anchor, W acts at
the center of the wall, and by is the distance between
the center of rotation O and the anchor.

The total vertical loads to a building is supported
by bearing walls in X and Y directions. The actual
wall ratios are more than required ones by oy and ay
for X and Y directions. The vertical loads are sup-
ported by bearing walls and it can be assumed that
the supported loads are proportional to the horizon-
tal sectional ares of walls. Then the W in Fig.6 is
given as follows.

btw

W=—ro—
(1 +ay/ax) pr

(20)
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(6]

_—

a) Bearing wall

@ (i)

b) Bending moment

Figure 6: One story bearing wall subjected to hori-
zontal and vertical forces, and its moment

where, ¢ is the thickness of the wall and w is the

weight of the supported building per unit floor area.
Substituting the above relation into Eq.(19) gives

1 btw

270 (1+ oy /ax)pr
Let the average shear stress of the bearing wall

be 7, P is given as follows.

Ph = +boT (21)

P=rbt (22)
Then Eq.(21) becomes
1 btw
bth= by —F——+bT 23
T i agagp T
Therefore,
].b() w bo T
. S 24
4 2h(1+ay/ax)pr+bth (24)

Assuming the wall ratio of Y direction is three
times larger than X direction, i.e. ay/ax = 3.0 and
considering X direction that is apt to uplift, the above
equation becoms as follows, when the average shear
stress reaches at the short term allowable shear stress
71 = 0.25(N/mm?), where by = 0.8b, w = 10(kN/m?) =
0.01(N/mm?), h = 3000(mm), p, = 0.008 from Table
3, and t = 150(mm).

0.8b 0.01
0.25 = —

2h (1 + 3)0.008

0.8T
150 x 3000

(25)

b T

Therefore, the critical aspect ratio r. that does
not cause uplift becomes as follows.

(26)

— (ﬁ) B 0.125 (27)
b7 (0.25 - 0.001781%5)
L 0.500 no anchor
Te = (3) =140.573 dp,=10mm anchor (28)

0.613 dp=12mm anchor

These values become twice in case the top of wall is
fixed (the rotation of the top is restricted, Fig.6b(ii)).



Table 4: Critical aspect ratios r. of bearing walls

Diameter of Area T* Critical ratio 7
Anchor (mm) | (mm?) | (kN) A B

None 0 0 0.500 1.000

10 71 18.1 0.573 1.146

12 127 26.0 0.613 1.226

*Tensile strength of 230R anchor
A: Fixed at one end, B: Fixed at both ends

Then, the critical aspect ratios r. with or without
anchors are shown in Table 4.
(Two story bearing wall)

For two story bearing wall (Fig.7a), Eq.(19) and
other eaquations become as follows, where the sub-
scripts 1 and 2 show the story number.

1
Pihi+ Py (hy+ hg) = 5bo (W1 +Wa) +boT (29)

W1 _ b1 tl w1 W2 _ b2 tg wWao
(1+ay1/axl)pr1 (]- +ay2/ax2)pr2
(30)
Pir+P=mbt Py =19 byts (31)

where, we assume that by = by = b, t; = ty = t,
hl = hg = h, ayl/aml == Oéyg/Oémg = 30, bo = 081),
w1 =13(kN/m?)=0.013(N/mm?), wy =10(kN/m?) =
0.01(N/mm?), h = 3000(mm), p,1/2) = 0.0184 from
Table 3, py(2/2)=0.0097, and ¢=150(mm).

Furthermore, when the shear stress of the bear-
ing wall at the 1st story becomes the allowable shear
stress for temporay loads, i.e. 71 =0.25(N/mm?), we
assume that the shear stress of the bearing wall at the
2nd story is 7o = (0.0097/0.0184)0.25=0.132(N /mm?)
(Table 3). Then, the critical aspect ratio r. that does
not cause uplift of the two story bearing wall is given
as follows.

0.908 no anchor
) =14¢0.992 dy,=10mm anchor (32)
1.034 dp=12mm anchor

hi + ho
re = ( 5

(Three story bearing wall)

Similar calculation gives that the critical aspect
ratio r. that does not cause uplift of the three story
bearing wall is given as follows.

b+ ho 4 h 1.094 no anchor
re = (%23) =< 1.164 d,=10mm anchor
1.198 dp=12mm anchor

(33)

The above calculation shows that the effect of an-

chors of d, =10mm or dy, = 12mm to prevent uplift

is rather small. Therefore, the effect of anchors is
neglected in the calculation below.

2.4.2 Aspect ratio and reduction factor of
single story bearing wall

If the aspect ratio r is greater than the critical aspect
ratio ¢, the lateral capacity of the wall is reduced by
multiplying the reduction factor 5 as follows.
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b) 3 story bearing wall
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L b

=

a) 2 story bearing wall
Figure 7: 2&3 story bearing walls subjected to lateral
forces, vertical forces and the bending moments

w lW

h, hr

2442444 M
a) Fixed at one end b) Fixed at both ends
Figure 8: Bearing walls with openings

In case there are no openings, the effective height
of the bearing wall h, is the height of the story h,
i.e. he = h (Fig.6a). In case there are openings, the
effective height of the bearing wall h, is calculated as
follows, where h = hy, 2 hgr (Fig.8). The h, need not
to be more than 2hgy.

hy, +h
he = w < 2hn (34)
The aspect ratio r is calculated as follows.
he
= — 35
= (33)

Depending on the aspect ratio r, the lateral ca-
pacity of the bearing wall is reduced by multiplying
the reduction factor S that is calculated as follows.
{1 for r < re

B= (36)

re/r for r >,

The critical aspect ratio r. is given in Table 4, where
depending on the end condition of bearing walls, 7.
for “fixed at one end” is applied (Fig.8a) or r. for
“fixed at both ends” is applied (Fig.8b).

Table 5: Reduction factor S of bearing walls

Bearing wall stories 1 2 3
Critical aspect ratio r, 0.5 091 | 1.1

(Fixed at both ends) | (1.0)

Reduction factor 3 re/T
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2.4.3 Reduction factor of multi-story bearing
wall

In case of multi-story bearing wall, the aspect ratio r
is determined from Eq.(35) for each structural frame
(the avearage height is used for inclined wall) and the
reduction factor § is calculated using Eq.(36).

Since the reduction is considered according to the
widths of openings, the reduction factor 5 need not
be considered if 5 > (1 — ¢) where ¢ is the opening
ratio (sum of opening widths divided by the whole
bearing wall width).

" nnn

b J L b |

a) 1 story bearing wall ~ b) 2 story bearing wall

s el

—

W Je[[Je | el

L b [ b J

d) 3 story & 2 story
bearing wall

¢) 3 story bearing wall
Figure 9: Aspect ratio of multi-story bearing wall

(Example)

In Fig.9, the aspect ratio r and reduction factor
B are calculated for each bearing wall (A, B, C, ...,
G) as a single story bearing wall (Table 5). Further-
more the reduction factor 8 for frame is calculated
as follows.

e In Fig.9a), the aspect ratio for frame is r =
h/b, the critical aspect retio is r. = 0.5, and
the reduction factor S =r./r is calculated. The
reduction factor 8 need not be considered if 5>
(1 — @) where ¢ is the opening ratio (sum of
opening widths divided by the whole bearing
wall width).

In Fig.9b), the aspect ratio for frame r = h/b
is calculated as 2 story bearing wall regardless
the number of stories. The reduction factor g
is calculated, where the critical aspect ratio 7
is 0.91. The reduction factor 8 need not be
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considered if 5> (1 — ¢) where ¢ is the opening
ratio.

In Fig.9c), the aspect ratio for frame is r="h/b
and the reduction factor § is calculated, where
the critical aspect ratio r¢ is 1.1. The reduction
factor 8 need not be considered if 8> (1 — ¢)
where ¢ is the opening ratio.

In Fig.9d), the aspect ratio for frame of three
story is 7 = h/b and the reduction factor § is
calculated, where the critical aspect ratio r. is
1.1. The aspect ratios and reduction factors for
frame of 2 story are calculated for the bearing
wall including D and F and the bearing wall
including E and G. The reduction factor 8 need
not be considered if §> (1 — ¢) where ¢ is the
opening ratio (sum of opening widths divided
by the whole bearing wall width).

In summary, the reduction factor for each wall
and the reduction factor for frame are calculated,
then the smallest reduction factor (that reduces most)
is used.

The above calculation is based on the base shear
factor 0.2 and allowabale stress for temorary load.
The base shear factor 0.2 seems to be too small for
considering the uplift of walls. However the base
shear factor for the uplift of whole structure becomes
more than 0.4, considering the vertical load that is
supported by bearing walls in orthogonal direction.
Furthermore the structure does not overturn even if
it may uplift, considering the size effect, and collapse
mode of uplift is ductile behavior. Therefore, the
assumptions that are used in the above calculation
should be accepted.

3 Conclusion

RCHB construction has enough structural capacity
to survive severe earthquakes, tsunamis, typhoons,
etc. It is also fire resistant. Some of important points
to be considered in structural design are as follows.

1. CHB bearing walls should be reinforced with
vertical and horizontal rebars.

Bearing walls should be installed in the entire
building in balance horizontally and vertically.

Bearing wall ratios of every story should not be
less than the design wall ratios (Table 3) in X
and Y dorections.

Floor and roof slabs should have enough capac-
ity to distribute lateral forces to bearing walls.

Continuous foundation should be placed to sup-
port bearing wall lines of the ground floor.
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3. 3 RCHB DE: T E#E ()

(Draft) Guideline for Engineered
Reinforced Concrete Hollow Block (RCHB)

Construction in the Philippines

Avrticle 1. Scope

1. This guideline shall be used for buildings of
reinforced concrete hollow block (RCHB)
construction, where concrete hollow block
(CHB) walls are reinforced with vertical
and horizontal rebars to resist seismic
forces, wind pressure, etc.
Note) See Figs.1, 2, 3 and 4.

2. RCHB buildings shall not exceed three
stories nor 12m in height excluding the
basement.

Note) Structural safety of basement should be

confirmed through structural calculation
against loads including soil and water
pressure. Basement walls should be of

waterproofing and are recommended to be of

reinforced concrete (RC) construction.

Avrticle 2. Terminology and notation

CHB: Concrete Hollow Block

RC: Reinforced concrete

Shear wall: A wall that resists horizontal forces,
e.g. seismic forces and wind pressure. It also
resists vertical forces in CHB construction.
Bearing wall: A wall that resists vertical forces.
It also resists horizontal forces in CHB
construction.

Bearing wall line: A line on the plan where
bearing walls are placed.

Wall ratio: The sum of horizontal sectional
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areas of bearing walls, including hollows but
excluding openings, in X or Y direction divided
by the floor area of the story concerned.
Bond beam: A beam that connects the top of
bearing walls on the bearing wall line.
db: The nominal diameter of rebars. The smaller
diameter of rebars at lap joints of rebars with
different diameters.
psi: pounds per square inch

(1psi=0.0069MPa, 1MPa= 145psi)
PNS: Philippine National Standards

JIS: Japanese Industrial Standards

Article 3. Quality of Materials

1. Net compressive strength of CHB units used
for walls shall not be less than 12MPa=
1740psi (gross compressive strength 6MPa
=870psi).

Note) For example, PNS ASTM C90-2019
load-bearing CHB, JIS A 5406 Type B, etc.
(see Figs. 2 and 3)

2. Yield strength of rebars shall not be less
than 230MPa= 33350psi.

Note) For example, PNS 49:2020 230R,
280R, 280W, JIS G 3112 SD295A, SD345,
JIS G3117 SDR295, etc.

3. The design strength of cement mortar to fill
hollows and joints shall not be less than
15MPa=2175psi.

Note) Recommended cement-sand volume

ratio is 1:4 or richer.

Article 4. Foundations
1. RC or equivalent continuous foundations
shall be placed to support bearing wall lines

of the ground floor.

P3BR 1R A BR AW TR O Fn e & DFE D
IRTERE CRRL 72l
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TG a T o5
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1) Bz X, PNS #i#% ASTM C90-2019 @
it 77 CHB, JIS A5406 Mtk B Fiipy
(Figs. 2, 3 ZR)

2. kOB KIEEE 1L 230MPa = 33350

psi) LA LT 5,
1) Bl 21X, PNS 49:2020 kD 230R,
280R, 280W . JIS G 3112 M # @
SD295A, SD345, G 3117 # ¥ @
SDR295 7¢&

3. ERE O IR HHIZHWSELZ L
FlZar 7V — Ok EHRE X 15MPa
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) EAC R OFFERIT 114 F21TF 0
PLEET 5,

4% Hi
1. fx PO B Z X F3 55912 RC
EEZIIFIFEOMIEMHEER T AL,
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The thickness of foundation wall shall not
be less than the thickness of the bearing
walls.

Note) Footing width and depth of foundations
National
Structural Code of the Philippines (NSCP)
Chapter 3.

should be decided based on

Avrticle 5. Construction of Bearing Walls

1.

Bearing walls shall be composed of CHB
units of no less than 150mm in thickness
and the length of each bearing wall shall be
no less than 0.6m.

The height of bearing walls between the top
and bottom supports shall not exceed 3m in
case d,=10mm vertical rebars and shall not
exceed 4m in case dy=12mm vertical rebars.
The bottom of bearing walls shall be
supported with either foundations, floor
slabs or bond beams. The top of bearing
walls shall be supported with either floor
slabs, roof slabs or bond beams.

The bearing walls shall be reinforced with
horizontal and vertical rebars, so that they
can behave as shear walls.

The rebars shall be at least dpb=10mm that
are spaced horizontally and vertically no
more than every 0.5m.

Note) Rebars are usually spaced every CHB
unit length (0.4m). It is recommended that
the rebars at the end of walls and around
openings are d,=12mm.

The vertical rebars shall not be spliced at the
middle part of walls.
The ends of vertical rebars shall be

embedded into foundations, bond beams,

2.
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10.

slabs or bearing walls no less than 30ds, or
can be spliced no less than 30d, with
anchors that are embedded no less than 30d,
into foundations, bond beams, slabs or
bearing walls. The anchors can be replaced
by post-installed anchors or rebars of
dp=12mm that is embedded at least 10d.
Note) Adhesive should be used for post-
installed anchors or rebars.

The ends of horizontal rebars shall be
hooked to the vertical rebars or spliced to
adjacent horizontal rebars with no less than
30ds lapping.

Hollows where horizontal and vertical
rebars are placed shall be grouted.

Note) Hollows without rebars need not to be
grouted (see Fig.4).

Rebars shall be covered by concrete or
cement mortar no less than 30mm in
thickness.

Note) The thickness may include the thickness

of face shell or web of CHB units.

Avrticle 6. Installation of Bearing Walls

1.

Bearing walls shall be installed in the entire

building in balance horizontally and
vertically.

Note) This requirement is usually realized, if
Requirements of Items 2 to 6 of this Article are
fulfilled.

Openings in bearing wall lines shall not
exceed 4m in length. The sum of opening
lengths shall be less than 2/3 of the bearing
wall line.

Note) See Fig.5.

The bearing wall lines shall be placed no

10.
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more than 7.5m apart in X and Y directions.

DI EE T A,

4. The bearing wall lines of the upper story | 4. _EFEOI F1BERRIE T B O 71 BERR O

shall be on the bearing wall lines of the
lower story. In case the upper and lower
bearing wall lines are placed more than the
thickness of the bearing wall, the safety of
that part shall be confirmed by structural
calculation.

Note) See Fig.6.

5. The wall ratio of each story for X and Y
directions shall not be less than the value
shown in Table 1. For the bearing wall that
is inclined 6 from X or Y direction, the
horizontal sectional area shall be multiplied
by cos? 0. In case the aspect ratio r of the
bearing wall exceeds the critical aspect ratio
r., the horizontal sectional area shall be
multiplied by the reduction factorpin Table
2.

Note) See Figs.7, 8 and 9 for definition of
aspect ratio r and critical aspect ratio rc.

6. The wall ratio of upper story shall include
only the parts of bearing walls on the lower
bearing walls.

Note) See Fig.10.

Table 1: Required wall ratios of the story

(ZBLE T, B FREOI I BERR D3t 1)
DEILL EEEN TO DA TSRS
FOEDE Ty DM AT D,

1¥) Fig.6 &=
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#1 EWoOVEEE

Number Story number et 2%

of stories 1st 2nd 3rd [l=21 1 b 2 & 3 i
1 1.20% — — Y 1.20% — —
2 2.76% | 1.46% - 2 [t 2.76% 1.46% —
3 4.32% | 320% | 1.70% 3 Pk 4.32% 3.20% | 1.70%

Note) The values in the table can be adjusted by
multiplying Z/0.4, and should be increased by
Near-Source Factor Na if Na>1.0. The values can
also be reduced using better CHB units, stronger

grout mortar, full grout construction, etc. and
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conducting structural experiments/calculation, but

the values shall not be less than one-half of the

values in the table.

Table 2: Reduction factorpof bearing walls

MTEALAN, XOMED 1/2 # TEl->TiEebi
VY,

# 20 Mt JJREDIRIAREL B

Bearing wall stories 1 2 3

it B D g He 1 2 3

Critical aspect ratio r¢ 05 (09111

[RSH T AT e 0.5 1091 1.1

(Fixed top wall) (1.0) (BisEEDSS) | (1.0)
Reduction factorp ro r IR 2 B rr

Article 7. Floor and Roof Slabs

1.

The floors shall be constructed with RC or
equivalent slabs so that they can be used as
diaphragms to transmit horizontal forces to
bearing walls.

Note) For example, RC slabs of no less than
100mm in thickness, steel deck slabs with no
less than 50mm thick concrete, etc. Structural
safety of slabs should be confirmed through
structural calculations.

In case there is no diaphragm, a continuous
bond beam shall be installed.

Note) Structural safety of bond beams without
diaphragms should be confirmed through
structural calculation against in-plane and out-

of-plane loads.

1% REEREBRTT
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Fig.1 Outline of the Engineered RCHB Construction

Fig.2 Basic unit of CHB (390x190x150mm)

Fig.3 Horizontal rebar unit and end unit
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Fig.4 Mortar grout, joint mortar and rebars

Fig.5 Bearing walls, openings and bearing wall lines
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Fig.6 Bearing wall and floor slab

Structural calculation is required for the slab in case ¢) and for the beam in case d)

Critical aspect ratio r.=0.5 r.=1.0

Fig.7 Aspect ratio (AL+Ar)/2 of each bearing wall

Critical aspect ratio r.=0.91 re=1.1

Fig.8 Aspect ratio h/b and critical wall ratio for 2 and 3 story bearing walls
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a) Single story wall b) Two story wall

¢) Three story wall d) Three story wall and

two story walls (D-F and E-G)
Fig.9 Aspect ratio and reduction factor
Calculate aspect ratio for each wall (A, B, C+ - ) as Fig.7, and determine reduction
factor according to the aspect ratio of each wall.
Calculate aspect ratio (A/0) of multi-story wall, and determine reduction factor
according to the aspect ratio of the multi-story wall.
Reduction factor of 1 or 2 to reduce the most is used.

Fig.10 Effective part (b) of bearing wall for wall ratio calculation

Cf bt )
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BEGHE

Proposed Guideline for Engineered

Reinforced Concrete Hollow Block (RCHB)

Construction in the Philippines

Article 1. Scope

1.

This guideline shall be used for
buildings of reinforced concrete
hollow block (RCHB) construction,
where concrete hollow block (CHB)
walls are reinforced with vertical and
horizontal rebars to resist seismic
forces, wind pressure, etc.

RCHB buildings shall not exceed
three stories nor 12m in height
excluding the basement (if present).

Note: Structural safety of basement
against loads including soil and
water pressure should be confirmed

through structural calculations.  Fig.1 Outline of the Engineered RCHB Construction

Fig.2 Basic unit of CHB
(390 X 190 X 150mm)

Fig.3a Horizontal Rebar unit

[T\~
|1\~
| ‘ ]‘

Fig.3b End unit
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Article 1. Scope

1.

This guideline shall be used for
buildings of reinforced concrete
hollow block (RCHB) construction,
where concrete hollow block (CHB)
walls are reinforced with vertical and
horizontal rebars to resist seismic
forces, wind pressure, etc.

RCHB buildings shall not exceed
three stories nor 12m in height
excluding the basement (if present).

Note: Structural safety of basement
against loads including soil and
water pressure should be confirmed
through structural calculations.

Fig.4 Mortar grout, joint mortar and rebars

PROPOSED GUIDELINE :

Engineered Reinforced Concrete Hollow Block (RCHB) Construction in the Philippines

Article 2. Terminology and notation

CHB: Concrete Hollow Block
RC: Reinforced concrete

Shear wall: A wall that resists horizontal
forces, e.g. seismic forces and wind
pressure. It also resists vertical forces in

Bearing wall: A wall that resists vertical
forces. It also resists horizontal forces in

Bearing wall line: A line on the plan where

Wall ratio: The sum of horizontal

sectional areas of bearing walls, including

hollows but excludinghopenings, inXorY
e floor area of the

CHB construction.
CHB construction.

bearing walls are placed.

direction divided by t
story concerned.

ross

Bond beam: A beam that connects the top
of bearing walls on the bearing wall line.

d,: The nominal diameter of rebars. The
smaller diameter of rebars at lap joints of
rebars with different diameters.

psi: pounds per square inch
(1 psi = 0.0069 MPa, 1 MPa = 145 psi)

PNS: Philippine National Standards

JIS: Japanese Industrial Standards

PROPOSED GUIDELINE :

Engineered Reinforced Concrete Hollow Block (RCHB) Construction in the Philippines

62




Article 3. Quality of Materials

1. Net compressive strength of CHB units 2. Yield strength of rebars shall not be less
used for walls shall not be less than 12 than 230 MPa = 33350 psi.
MPa = 1740 psi (gross compressive For example: PNS 49:2020 230R, 280R,
strength 6 MPa = 870psi). 280W, JIS G 3112 SD295A, SD345, JIS
For example: PNS ASTM C90-2019 load- G3117 SDR295, etc.
bearing CHB, JIS A 5406 Type B, etc. 3. The design strength of cement mortar to

fill hollows and joints shall not be less
than 15MPa=2175psi.

Note: Recommended cement-sand

Fig.3a Horizontal Rebar unit .. .
& volume ratio is 1:4 or richer.

Fig.2 Basic unit of CHB
(390 %X 190 X 150mm)

| - "'wu

Fig.3b Enci unit

PROPOSED GUIDELINE :
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Article 4. Foundations

1. RC or equivalent continuous foundations
shall be provided to support bearing wall
lines of the 1st story.

2. The thickness of foundation wall shall not
be less than the thickness of the bearing
walls.

Note: Footing width and depth of
foundations should be designed based
on bearing properties of soil which can
be based on NSCP Chapter 3 if data is not
available.

Fig.1 Outline of the Engineered RCHB Construction

PROPOSED GUIDELINE :
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Article 5. Construction of Bearing Walls

1. Bearing walls shall be composed of CHB

units of no less than 150mm in thickness
and the length of each bearing wall shall
be no less than 0.6m.

The height of bearing walls between the
top and bottom supports shall not
exceed 3m when using d,=10mm vertical
rebars and not more than 4m when using
d,=12mm vertical rebars.

. The bottom of bearing walls shall be

supported with either foundations,
bearing walls, floor slabs or bond beams.
The top of bearing walls shall be
supported with either floor slabs, roof
slabs or bond beams.

4. The bearing walls shall be reinforced

with horizontal and vertical rebars, so
that they can behave as shear walls.

The rebars shall be d,=10mm that are
spaced horizontally and vertically no
more than every 0.5m.

Note: It is recommended that the rebars
at the end of walls and around openings
are dy=12mm.

. The vertical rebars shall not be spliced at

the middle part of walls.

PROPOSED GUIDELINE :

Engineered Reinforced Concrete Hollow Block (RCHB) Construction in the Philippines

embedded into foundations, bond
beams, slabs or bearing walls no less
than 30d,, or can be spliced no less than
30d,, with anchors that are embedded no
less than 30d,, into foundations, bond
beams, slabs or bearing walls. The
anchors can be replaced by post-installed
anchors or rebars of d,=12mm that is
embedded at least 10d,,.

Note: Adhesive should be used for post-
installed anchors or rebars.

Article 5. Construction of Bearing Walls

7. The ends of vertical rebars shall be 8. The ends of horizontal rebars shall be

hooked to the vertical rebars or spliced
to adjacent horizontal rebars with no less
than 30d, lapping.

PROPOSED GUIDELINE :
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Article 5. Construction of Bearing Walls

9. Hollows where horizontal and vertical 10. Rebars shall be covered by
rebars are placed shall be grouted. concrete or cement mortar no

Note: Hollows without rebars need not less than 30mm in thickness.

to be grouted (see Fig.4). Note: The thickness may
include the thickness of face
shell or web of CHB units.

Fig.4 Mortar grout, joint mortar and rebars

PROPOSED GUIDELINE :
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Article 6. Installation of Bearing Walls ?

1. Bearing walls shall be installed in the
entire building in balance horizontally
and vertically.

Note: This requirement is usually
realized, if Requirements of Items 2 to
6 of this Article are fulfilled.

2. Openingsin bearing wall lines shall not
exceed 4m in length. The sum of . . L J
opening lengths shall be less than 2/3 F'gbs Eﬁ?r:'r;ga\gg”s' 4
of the bearing wall line. bearﬁing vgall lines

Note: See Fig. 5.

3. The bearing wall lines shall be placed
no more than 7.5m apartin Xand Y
directions.

I
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Article 5. Construction of Bearing Walls

1. Bearing walls shall be composed of CHB 4. The bearing walls shall be reinforced
units of no less than 150mm in thickness with horizontal and vertical rebars, so
and the length of each bearing wall shall that they can behave as shear walls.

be no less than 0.6m.
5. Therebars shall be d,=10mm that are

2. The height of bearing walls between the spaced horizontally and vertically no

top and bottom supports shall not

exceed 3m when using d,=10mm vertical more than every 0.5m.

reE)ars and not more than 4m when using Note: It is recommended that the rebars

d=12mm vertical rebars. at the end of walls and around openings
3. The bottom of bearing walls shall be are d,=12mm.

supported with either foundations, . .
begFrJing walls. floor slabs or bond beams.  ©- The vertical rebars shall not be spliced at

The top of bearing walls shall be the middle part of walls.
supported with either floor slabs, roof
slabs or bond beams.

PROPOSED GUIDELINE :
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Article 6. Installation of Bearing Walls

4. The bearing wall lines of the
upper story shall be on the
bearing wall lines of the lower
story. In case the upper and
lower bearing wall lines are
placed more than the thickness
of the bearing wall, the safety of
that part shall be confirmed by
structural calculation.

Note: See Fig. 6. Structural calculation is
required for c) and d)

Fig.6 Bearing wall and floor slab

PROPOSED GUIDELINE :
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Article 6. Installation of Bearing Walls

5. The wall ratio of each story for
X and Y directions shall not be
less than the value shown in
Table 1. For the bearing wall
that is inclined @ from X or Y
direction, the horizontal
sectional area shall be critical critical
multiplied by cos?6. In case the aspect ratio, .= 0.5 aspect ratio, r, = 1.0
aspect ratio, r = h/b, of the
bearing wall exceeds the critical
aspect ratio r, the horizontal

a) No bond beam on top b) With bond beam on top

sectional area shall be Fig.7 Aspect ratio (h/b) of , .,
multiplied by the reduction bearing wall where h= ——
factor £ in Table 2. 2

Note: See Figs.7, 8 and 9.

PROPOSED GUIDELINE :
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Article 6. Installation of Bearing Walls

6. The wall ratio of upper story shall include Table 2: Reduction factor S of bearing walls
only the parts of bearing walls on the

lower bearing walls. 1 2 3
Table 1: Required wall ratios of each story 05 (091 11
1st 2nd 3rd (1.0)
story story story r /r

1-Story 1.20%
2-Story 2.76% | 1.46%
3-Story | 4.32% | 3.20% | 1.70%

Note: For different value of Z, The
values in the table can be
adjusted by multiplying it with
the factor (Z/0.4)

PROPOSED GUIDELINE :
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Article 6. Installation of Bearing Walls

5. The wall ratio of each story for Wall ratio: The sum of horizontal gross sectional
X and Y directions shall not be areas of bearing walls, including hollows but
less than the value shown in excluding openings, in X or Y direction divided
Table 1. For the bearing wall by the floor area of the story concerned.
thatis inclined 8 from X or Y Y

direction, the horizontal
sectional area shall be
multiplied by cos26. In case the
aspect ratio, r = h/b, of the
bearing wall exceeds the critical
aspect ratio r, the horizontal
sectional area shall be
multiplied by the reduction
factor S in Table 2.

Note: See Figs.7, 8 and 9.

PROPOSED GUIDELINE :
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5. The wall ratio of each story for

Article 6. Installation of Bearing Walls —

X and Y directions shall not be
less than the value shown in
Table 1. For the bearing wall
that is inclined @ from X or Y
direction, the horizontal
sectional area shall be 0
multiplied by cos26. In case the
aspect ratio, r = h/b, of the
bearing wall exceeds the critical
aspect ratio r,, the horizontal L —
sectional area shall be reduced

critical critical

multiplying reduction factor S aspect ratio, r, = 0.91 aspect ratio, r. = 1.1
in Table 2.
Note: See Figs.7, 8 and 9. Fig.8 Aspect ratio for 2 and 3-story bearing walls

PROPOSED GUIDELINE :
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Article 6. Installation of Bearing Walls

5. The wall ratio of each story for
X and Y directions shall not be
less than the value shown in
Table 1. For the bearing wall
that is inclined @ from X or Y
direction, the horizontal

sectional area shall be a)Single story  b) Twostory  c) Three story d) 3-story wall
multiplied by cos26. In case the wall wall wall and 2-story walls
aspect ratio, r = h/b, of the . _ ) (D-F & E-G)
bearing wall exceeds the critical Fig.9 Aspect ratio and reduction factor

aspect ratio r., the horizontal 1. Calculate aspect ratio for each wall (A, B, C, .. .), and determine
sectional areac shall be reduced reduction factor according to the aspect ratio of each wall.
multiplying reduction factor 8 2. Calculate aspect ratio (h/b) of multi-story wall, and determine

in Table 2 reduction factor according to the aspect ratio of the multi-story
IN 1able Z. wall.

Note: See Figs.7, 8 and 9. 3. Reduction factor of 1 or 2 to reduce the most is used.

PROPOSED GUIDELINE :
Engineered Reinforced Concrete Hollow Block (RCHB) Construction in the Philippines

Article 6. Installation of Bearing Walls

6. The wall ratio of upper story shall include Table 2: Reduction factor B of bearing walls
only the parts of bearing walls on the
lower bearing walls.

1 2 3
0.5 091 11
Table 1: Required wall ratios of the story (1.0)
r./r

1t story | 2" story
1.20% 2.76% 1.46%

1t story | 2" story | 3" story
4.32% 3.20% 1.70%

Note: The values in the table can be adjusted by
multiplying the Z value divided by 0.4.
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Article 6. Installation of Bearing Walls

6. The wall ratio of upper story shall include
only the parts of bearing walls on the
lower bearing walls.

Table 1: Required wall ratios of each story
1st ond 3rd
story story story
1-Story 1.20%
2-Story 2.76% | 1.46%
3-Story 4.32% | 3.20% | 1.70%

Note: For different value of Z, The
values in the table can be
adjusted by multiplying it with
the factor (Z/0.4)

Table 2: Reduction factor S of bearing walls

1 2 3
0.5 091 1.1
(1.0)

r./r

PROPOSED GUIDELINE :

Engineered Reinforced Concrete Hollow Block (RCHB) Construction in the Philippines

Article 7. Floor and Roof Slabs

1. The floors shall be constructed with RC
or equivalent slabs so that they can act
as diaphragms to transmit horizontal
forces to bearing walls.

Note: For example, RC slabs of no less
than 100mm in thickness, steel deck
slabs with no less than 50mm thick
concrete, etc.

2. In case there is no diaphragm, a
continuous bond beam shall be installed.

Note: Structural safety of bond beams
without diaphragms should be confirmed
through structural calculation against in-
plane and out-of-plane loads.

Fig.1 Outline of the Engineered RCHB Construction
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3. 4 CHB EEEOREEHIYE (R)

15 16 H &ipH
1. AH YT CHB REE S35,
2. WG E E IR R B RIS WA I AR MO — Al A LW eNTE
60

25 JHGEE
RAE RIS ) 2 A LW BED IR TR
—fBMRRE [ NED GERE T ) 230 THERSNDMERE (K 1 0 A,B,C)
/NEEMREE . i RpL7e DMREE (K 1 @ D,E,F)
EE N SR Sl E i I AU
T3 R (I RERE) - —RIRBEZ SR DM EH 238 (OREEE, X 1 o H)
B L (BX) /NBERBED B E NS H HILET(OES, K10 L)
T S R IT I R L5 R o8k
Bl 70« FE 0 LB AR TR &S D8k

1 OEE A,B,C (T —fRiREE, BE D,E,F [J/NBEMREE T, [X 1 0O FOKHRIT IS &/ NBEREE
DEE i T D,

1 —fikikEE (A,B,C) &/NEEMREE (D,E,F)
(R DIMERE A2 S RF9%5i12)

3% REtOSAI LSR5
1. WRBEIL B B, BEIELA AR D HURR ) - UL ) ISR 2 D EREIED DAL 720 85
([CREHT D,
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2. AIMED B E S RIS > TR 581X FREic ks,

D—REEI X E S RSN QOB EREL T I ERDD,

2)/NEEMREE X FRBELIE L T AR 5,

MEREDWITHE 1L CHB 5| 3RIR & 4 WA U 7= il FBEGR I L D,
DMEEEIZAEH T 2HEE /I OACEEE L 0.5 BLE, /NEEZREIZH LTI 1.0 BL ST,
5) N REE (AR F 32 J8UE i3 BB 0 @S, TRINARE R ENDEET D,

ABLHE T8 H ORI AE 3 D R )0 UE T U CRIE DS E L2 NI e e &
TW%, AMEZARMT 256 REOHMHIA B 55672813, MEFHRICL->TEM %
FEFNETZTIERL Th LV,

4% MEIOME

1. WREECVEA 9% CHB 13 B (JJEHETRE 12MPa, AP EMTRE 6MPa) L[A% 2L Eot
DET D,

2. BRAHIERAR TR 230MPa LA EObLDET 5,

3. HHUZHWAENLZ IV EIZa 7Y — O EHRE X 18MPa UL E&972%,

5% MEBEDIES LA
1. BREEICHVS CHB =y hDJE XL 150 bk &5,
2. IREEZANBEIZ HHWAIGE , O mSITHE S 20m LA FET5,
3. MREED F K EF?EE%& $3.5m UL, # FRETIL 4.2m LU FET 5,
NBEMRBEDFFLIHLEEIT 1.6m LA FET 5,

HIEED i ) R0 JRE ) TR LBEDR T 2385 T L OIMBICH E DR ES WIS S E 20m &
BUEL TS, 728, M 20m ZHB 2 HEBE I RABLHETHE 2 THDHINRELRDTENHD,

B BN HWDIREDES 1.2m FREELL T O/ @ F72 2 13RS 120 nmE7-
1% 100 mmo> CHB Z W Th kv,

65 MREEOHEA LHLHT

. BREEIX E ARG IS T2,

A BT ERAEE I EE T D,
EHEBLITHOEFTHEN L7 1—% W THIu,
MEEEIZL > C RC &AL DV I IZELE 35,

. MREED T/ 1T dv=10 mfRE LA F@500 mufE FELL R &5,
B dv=10 nwf2 EE LA F@800 mnfRE EELL &5,

. MREEDBR 0 O JE PHIZIE dv=12 mF2FELL EOSRT 2Bl 75,

—

%

ﬂ@tﬂrﬁ.ws\v
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T dp=10 mmfEE LA F@500 mmfe ELL T EL7ZA3, ZAUTERA R 400 a8 2 Th72EL K
RN LEERL TS, T8 740 /03%%1:%@%;@%&%@“6 LEEZ db=10 mnfEE
PLEELTWA, B, % 1 22158, 5X 3.56m O4 . £i5% db=10 mn, FFE 400 nm&3

HEKEEREIL 055 FRE X TEARD,

F 1 EAKEREICELD EFHIIS U —RIRRED 5 S

AN KR 1.0 0.7 0.5
il 400 mm 800 mm 400 mm 800 mm 400 mm 800 mm

HeFEARS | db=10mm | 2.61m 1.84m 3.11m 2.20m 3.68m 2.61m

OFFF | dp=12mm | 38.12m 2.21m 3.73m 2.64m 4.42m 3.12m

2a) DT — A AEEIZ b)D LHITHREER Aid &, #IFE )0 BUE %3 2 mE NI /I KIE IS
ERAFT20TBENICAEL, LU, RERKENEZITDHE )DIDNTRDIZOVEINL
AL, MENILEADOIERTL20 0 0E UL X RICETD, HENNREIeDL, IEEE
ICHEEDNECE FT528bH0, ZNEBToDITHERRICE T 2 ANLDLEERHY | FT-8RAH M
D ERIEEDP SR THERWINCEE THIEL M E LD,

A\
A

A\

g 7 / 7 Zz

a) b) c)
X2 BREE (ffi NBE) DKk B8 R L E

C MO/ NEEMREE IAE AR T 52812705, Bl 20, X 3a) DFED T/ NEED |57
FRIZESL, HD ho/D (ho: fED 7V EE, DAEORK, X 4) 23 2 LU (A £720, 20
1‘35 (LFEF T AW S AE L3 <%, ZIEBI<TZD D) DFED IO ITIRBE LA DRIC
BRf] (EEAD v B) 2 ANDZEL B D, £To. ) DIEDIITHEBR D/ NEENREE 2 — R IREBE L 72D 1D
IZTHZEBEZIBND, WTHUCLTh, MREED ERREIE I BB A KT SIRNJDIT, EodE
AELTH RERBHEICE SN I THEE NN ETH D,
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a) b) c)
X3 /NBEMREE L TR & O FE:

4 DD, mS Ho &27U¥ &S ho
(ho/D = 2 | ZHFLFE)

5a) DI 1 BEIZITMREE ) e, EHSICIRRE RN S 585 A, HIERENC L - C 1 BICETE A EH
L 1 BEOHEHEENREARD, 20720 1 BAREL CLEOMEHENLIIUIXRZITOND,
ZEBLSTZD b)DIANT 1 BICHIREEAZZR T HZEN I ELN, DL ZENFLNGA I
DI 1 BEOFEDO WY K| FREE - EMERER BT CRLZEL RV R THD,

a) b) ¢)
5 EARHERELT RIE S ERE (1R ABE) 0 j 2
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TR BRI OERBIOWETF

1. —FRMERE D T AL SR NCREFARR T 720,

2. /NBEMREED FE I F 23T T, — Il T F RS I (EFHRZ dy 2L 0) E& 30ds LA EE
#HL. A DO—l 3B A JE A OSEFHIHE T T2,

3. ML E LT E OB TIL 30 db UL EET D,

4. EBEMOEARIIL 30dy LA -T2,

5. EEBHOMRDVICHWDHEN L7 1 —0EARIE dp=12 mmPl Bl HHALE ST
10dy P BT,

62) D LR A A2 T BEEICAE T D B — A P E AR T, K FSRIC LT
b)~e)D I8 %, —MRIREEY DDII7IGEEE 2 TR T IC EFOMKTFEER T2\, /)
BEMERE|T e) D LO7IREEIC /25720, &% 1.6m IZHIFRL CD, DA, B O55E 7
I3 0 CHRAMADOAZPNET DN, ZRMNEENES X HE O EIL AR TELREL -
TW5,

6 AR A S T AR AT A A T B — A B

8% Ml

1. 8k D NDMERRZEE0 LAt B HUlZ B2 32 22 I T E A2V Eidar 7 — e i
Do

2. flirA# B iz frE CHB O7 = A A =)L H Mm% B ik 12 L-> T35 CHB L2
BINDIDNTHFET S,

BTN
1) HARRE S TREHSE BIRRR G HHIYELE - R (A— U —F) 1. 2006.3

Calth—)
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3. 5 74V RIT vy s O R ERER
(1) BBz

KT 2T, 74V DT ay 7 iEw kR E L TEORIER AT ESE 5 Y
FEN TN 71 UE V EH R BN DM E IR IS ) D R b4 ) (JICA 1285
H/hE3E SDGs B VR AR FHEOD B /M H SRR L0 F i) Ll #1121 Td, [H
Tay 7N, TIEBREIOZ KA FFET A0 ORI A ERRZ Efi 52Tk, 20K
BRiAEBUEST D720, 74U clliEsn a7 — T ay s Em AL (BE 3.5.1), K7
nY =/ NCIE, A7 ey =7 MNEARE DR EIZED ZDORREFEVZ T HZENTEZ, ZHUZLY,
EEEOT7 VO Tay 712 OWT OB OB AITOZEN TE T, 3BV =7 oy 7i,
BRDFRIRD 2 ZAT7 T, ZOMEIL TREDLIY,

A STz Ty 71%, IRE) B FEBRAATO KRR O U THE SZAFZEBH 56 15 A B SR 7 e At ik
FANZELNT, T CHEROT vy 7 Z5EV T, K7 ey =y MU CH LR R BR 2 FE i 2k
WEEETOL RS b TEICEEL, FFHCIY, IR, JERERE 2 S O ER R B Z2 1T
7

* 7V RT a7 O
A—71—:Bataan /Il Balanga 1fi® Stanford Trading 44
Ty I EAT N RD 2 44T
(DLoad-bearing masonry unit (11 FHfHE47)
SHE(IE, BE, m) 1140, 400, 195 GEFR 18 6 1> F X2 A7)
@Non-load-bearing concrete masonry unit (FEf# & H RLFER)
L (IE, RS, @) 195, 400, 205 GEFR 17 4 A~ F 2 A7)

HH 3.5.1 Stanford Trading 28155 HARMITOT 2y
7 DR EANESE

76



(2) YEEEERBRER

TV O ZE R 7)) — 7 ay s (LU CHB £%iD) (5-H 3.5.2), HAS CHB DOJISH
By KUK CARSCTIRRIRE 2 mBL FEED D) Z2H M LT DB A Y LT e homi
ARERAATV, Holedk (3R 3.5.1) AR L7z,

74U 8 CHB 1, BB RS (A LS 3B IR B AR - BLVER) CRATS Ui B (f
la,f-1b)&, [RICAEER OB ZE AL, 2 H ARE N TRER (f-2a,f-2b) 2L THER LT, 72,
T4UE L OREE B IS 95 CHB LT, BAEN JIS f4iho B fliz@IRL, Higskic
T,

T4~ =TI, BEARKILRDNEM EL TR SNDRE OFELHY ., BIRIEH DR
LT HET D kLKA RN 5 CHB Z[E N CalfEL e I C# 17,

BH 3.5.2 REBEiO74V>® CHB (/£ 4in. 45 6in)

() 74V BT vy VR DB L
O REBIKY VT FAITONT

(7) YL HE AR OB ORHRAY B 12OV TS, #31C 4in (4 A F %) CHB ZiE. fE
NTERD EFB7E T Tl b H o7, TDOIRIKEL TAZE R DO Tl EJZ??/H#
IZBITDANIRER DN E | AT — VR Ry 7 2D F R B e & BHERIS LD,

ND7RITEAICBIT DA ML BNV e Z bk A NEAB KA, B # ORLE
IATDINT U AN (FM B 2 FREENZENLLT) ZEBNRIREE 2 Hib, £ 3y
Y —=REWVDONDEMEEET L, KKK Z 7> LT R BA M@l T
WDD AT v T2 H DT, FRRED K LK ZZ D EEIRMO L FEFEL TWDDH
ERETHD,

() HERSEE . 74V 8 CHB O4MEL B L CHIELA DI DL OMEY | SHER IR
ZREU Tz, B RS din T 2id, SHERE PN BRI ARRIWE o7, BT T
EOHEIL, 74V EHNOREBEH R FAEEE OAZOTIZERINTHELO (£
3.5.1 fili4h 8) LT, s RA BRI D, T X TORERPIEDN HMHEIOE KEVA,
FrlOE SSHEZ+15 mmFEY), i K+20 mné RERFAELEZ R TS, JESIZHOWTH +
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13 -, BT+ 14 m ) Th-o7=, HARIZHITS JIS A 5406 gL (LA JIS
FnEVD) B, 22 mm THHZEND | EE B D ZENEENL > TND,
ORI HERR T FOERIZED AR A BN R EDE b,

PEREAR RSB NI AR R ORI CAEET DA

MK A Z U THEVIREBE CRUE T 256

< KILR OB R E DB E ICE G ST D5E
RGEEZDE B DLW O T, SHEBE DSBS L, 2 ANy MESEL T
HZEPIRIEICHHE B DD, BUREL T, 22— —flilb Za =% L, CHB HODOE/L
VB BB EL TD,

@ JEMERSFRERIZOVNT

(M74Ve 8 CHB (2B9 57 —4#» 5, DPWH ([ZBT 28R # & B AM (LhSh T %)
(2B DB At 5L, 4inCHB 1TI3 k&350 . 6inCHB Tl A5
LW CEDRE R LT o7, AinCHB XS WIS 288 5L Cu s, ERRWT A i
SREOFERIT, ) 1.2N/mm2 GEfEE CHB O7 VeV EEIE 4.14 N/mm?2 (2
XL 29%) 72572, HEVNARNETFRDO T, TEIZF vy’ 7/ U CHRABRZ I ML=,
LU, IED X137 e o208 1.2N/mm2 ERIUHE L/ -~720 T, 2k
DEF-LHWTED, 2L, 74V D7 — R CAEESN TODEICHY T 5,

(1) 6inCHB 1%, 1F BT i F EAfR RS O PR3 BR 23, H AR 3.8 N/mm2 73 DPWH ©
BRI 2.61 N/mm2 D 1.5 [555L KRELRo> TV, ZORED B DIXH DX,
XU DOFNRONE, W DD 72, FEREE BB L CHEIEDY 93%., HLR
TiX 3 HDIH 2 ENEIELEDOT VIEIKEMEMTE 572, — 5T, AfidE RS )
i 13.8 N/mm?2 (ZxfL Tl AAMIORERE 3.8 N/mm? Th, 27.5% (DPWH TiZ
2.61 N/mm2 T 19%) EVeIRVMETHY | & H LTI CERWLFER Th D, Xt
HELTIIS i BFEEOES 100 mme 150 mz 7kBk L CRISR LY, 74U B ORE
ERIZAEELTWD,

(NI RAFEN JIS dhEHAST K 174 BREERE72ENAEL TS, DPWH OB F
FOb EEIET 50%FEEEREVD, Fe/IMEITIIVMEZR DT, A AR OB DFE G M
ITHDHEHWCTED, JIS fhEtb_XTT74UE @ CHB 23, R EAEDS KEIREL T
HIEN, WEEHOEDOESEZRLTND, 74800 CHB [TEMERRERRF N LI
(2, EEORA K O ED B CHEGE CE-, RBRLI- T X CTORE T, I Kfif &
X THRRIFICEEE T, FE2 L TSN DINTHEELE Uiz, #EAH (B0~
—AR) DEE DL MO B &2 RIZL TORN AT TE D,

@ W KMEIZBT BRI oW T
(MBS (7 = A A =)L) OABLIE, D f-1a,f-1b 10 FFEFRED A IR—Z]
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DIRFETHY B SIZB W THIRZFAFLHWT x5 (A OWKESHY),

(DEARMET, 74V AT DR TIEAERK & TED THY, MAMEE L TEAREMK
R () ORIz, BARENICEIT 2R Tl BRWKREZRHL TOL AWK &R
Z O PITR LT, fERELTRRZIZA K JIS dhb & T EOHFMICINE-> T,
725, JIS M OBIE T, B AVE EWIKEFE20%LL FEED TWD,

@ ~=FEROBEBMFEEEZEL. BN KILKZEH L7z CHB O{E

e KA EE, IEBRIBT I AE I EAER 2 A H 8, AARERE CHB @ B flE7 AV ik Of i
A CHB IZIZFEH AL CWVD, 207 a7 X KRB EE# (AT LR L £ 10mm 7
UHE ) EFEFEEL TS, LI, 74U D~ =TI AR R H R A A LR 1 KT
FEA20AED CKEAE 0.5 mmEL FOFIG R L) [FEROE A ITH#E LY, 3A4/E CHB X7 4V
B DKINKZEMITTED T ZE2ARE L REF R KK (60%) | #efib -1 (40%) & F
JFEEL T CHB(GE 3.5.3) 2 8iEL, R T —# (j-2) 2Rz, R G EEA M
330 ke/m&d 58T, JIS i B FEICHY T 208 A flEff C&iz,

ABOFRBEEL T, BACNEOHIE, BLHOEM EEICA DU M A <E
PERNEDORFNC LA T U %KD Z LR ETHD,

TNBORIEZBEPENICHERS S5 8T, 7AUE T ERNICB W T, KUK Z T FE S
% CHB OFEMbIT, + TREEE 2 TWD,

HH 3.5.3 KILKEFEE L= 1E CHB-t150
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#3.5.1 74 UEVECHBL BARCBOYMRARBR LR E

74U Y DPWHTOHCHBD &R E ERN T ACHBDHERE

JISEACB D ER{E

CHB&ESE FRHEMm)* | ERRBTEEEAER S (N/mf) | &K Y | EHE BE | BB
Eoket - HERME IRAEME E | T | Akl | BkER | TokE | RKE
R |5 | B =
Ex (mm) Hik [T |k | P kN | kN % % %| Kg/m?
748 2.06 49.76
f-la [RH#S 400 | 205 | 95 2.38| 2.58 | 3.45 | 4.14 |57.54 |62.45 | 66.99 [ (26.3) | 263.18
t95 (4in) 3.31 80.06
748 2.74 345 | 4.14 |92.74
f-1b | S 400 | 195 | 140 | 2.92| 2.61 |***x |*+xx 19922 |8859 | 57.14 [ (23.7) | 236.83
£140(6in) 2.18 M12.4) [(13.8) |73.80
748 404 | 196 | 98 1.0 26.2
f-2a [BIAS 404 | 197 | 98 16| 1.2 35| 41 | 430| 32 16.0 26.0 | (260)
t 95(4in) 404 | 200 | 98 1.0 25.4
748 405 | 203 | 153 | 47 165
f-2b |EA R 404 | 203 | 153 | 2.8 38 35| 4.1 97 | 132 15.0 24.0 | (240)
t140(6 in) 403 | 210 | 152 | 3.9 133
HARR 390 | 190 | 100 | 14.1 358
j-1a [JIS A5406BTE 390 | 190 | 100 | 13.4 | 14.0 128k 342 | 356 14.0 23.0 | (230)
100 390 | 191 | 100 | 145 368 [=20]
BAE 390 | 190 | 150 | 13.6 488
j-1b [JIS A5406B7& 390 | 190 | 150 | 14.6 | 14.1 1280k 526 | 506 15.0 25.0 | (250)
150 389 | 190 | 150 | 14.0 504 [=20]
BA® (GEF) 12.7 128k 456
-2 |BEERIGLK 389 | 192 | 150 15 12.6 UIS A5406 | 415 456 123 21.6| (216)
HEEEAF t150 13.7 BfEICHEY) | 491 [=20]
[#4&] (#EE)

1 &£EE/HfHaE

2 RERIGAT

74 Y EEICHB, #ACHB

HARZCB

HAERN

TWERIhIE (uEEEED)
7 4 ) E>DPWH :Department of Public Works Highways-Bureau of Research and Standards
WERIhIH (tEEEED)

: Stamfordft (Balanga,Bataaniil)

3% ERINE EREOHA ERHREE  +2mA (JIS A5406)

4 ** AR Average moisture content(%) : (ZEREFOIHEKE HIMEKE) x100%

5 T RIERKE  Average water absorption(Kg/m®):#8xEFCHBIEL =320

6 EESHBROAET T4 UEViE, BBREREEARCTHORRBEICL Y ATOHEET 5, JISTHE—RKTT,

7*exx B L7-CHBIZFEEER, 74 U EY OIEKMERBEMRE S OREIE. Bihk=3.45MPa, FHfE=4.14MPa,

8 N IRARIE Z4UE>rE [4in] 390x190x 90, [6in] 390x190x140 (MThAEZEDHAZATH D)
BA% (JISA5406) 390%190x 100, 390 %190 %150

CKiE
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