6. 2 CHB D% HI#DOMEEE (PNS Philippine National Standard)
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T AV A D ASTM #IEFZ DO FEHETR)

Fo, EOEWREE DT | BiE 2t G & U T2 il BE BT O 154 1Y 72 6l B 2 5k
(2019 4¢ 11 HHIE),

(1) BEEFOZonT eI F A B HE
O ®=E
TAVE TR A A BNEEE T, 2019 4 10 H 16 H DARE, HE2SEEFE L, 588 1T
FARH 40 L4 B FEFEAK 800 ADOFELAEL TND, BMITH I EIIHFHEL AL TH
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Q@ FAHE
~J=Fa2a—R 5L EOMEOATH, 10 A 16—31 HOMIZ, 14 [FFRAELTND, 95,
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@ BYHE
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2019 Cotabato earthquakes

Puerto
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(2)IF T ARERMBEL XTI T NV T REBEDIRROBE

2009 ECHERZTEI A 1L B The Daily NNA 77 ¢ U L2 REPhidippines Bdivion] 35 05861 +5 (3]

[7 1Y E—REg)

ERZ7Oy 7RBRBIERRIC, K{FEE R

T4V EG R T ?HWJWMWﬁ%ﬂ I B BRI EM, 2V EHRICIA S I TH
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(3) KEEEDIE R EZIF oL 7Y — T ay /OB L
HIEO¥EREZ T OEM Hoa ) —7 oy s @QIFEEM FHoa ) —Tay 7 3
AR GIED 3 TROBMENEMRHINT-, Trold, 74V - @paE v =7 %A O S D3| & 4
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Announcement
PNS ON MASONRY UNITS

The Department of Trade and Industry’s Bureau of Philippine Standards (DTI-BPS) informs
concerned sectors that the following standards were adopted and approved as Philippine
National Standards (PNS):

1. PNS ASTM C90:2019 Standard Specification for Loadbearing Concrete Masonry
Units

2. PNS ASTM C129:2019 Standard Specification for Nonloadbearing Concrete
Masonry Units

3. PNS ASTM C140/C140M:2019 Standard Test Methods for Sampling and Testing
Concrete Masonry Units and Related Units

These standards cancel and replace PNS 16:1984 Specification for Concrete Hollow
Blocks. These standards provide requirements and test methods for loadbearing and
nonloadbearing units that shall impact the Philippine concrete industry and ultimately the
Philippine construction industry. These standards also contribute to the following United
Nations Sustainable Development Goals (UNSDG):

8 DECENT WORK AND INDUSTRY, INNOVATION 1 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE CONSUMPTION
M ; AND PRODUCTION

Copies of these standards may be secured for a minimal fee at the DTI-BPS Standards Data Center,
3F Trade and Industry Building, 361 Sen. Gil Puyat Avenue, Makati City at Tel. No. 791.3127 or
through e-mail: bps@dti.gov.ph or standardsdatacenterbps@dti.gov.ph.

MM No. 2019-360
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6. 3 BEfRHIEDEEHNE
2 —Tay IR T A7V D, TR
FEIZ DWW T OFEEAT 77,

(1) AFLFHEERRE ORERE

ANFEFEERA (DPWH) 1, B, BR, Ak
EW R E DR EAT>TND, ZDHL, EHE K. 16
gh 2B DN OT- D DFF AR EIC 2 7)—Tn
V7B L RO DREN, fd TR THH
DELHS N TND,

i

INFEFRIETE AR OFREAAREOR

(2) BFEETNEL R D8 EH E (AITECH)

A 11 O B AR 248 4 3 52T (NHA) T BURE 7 BB EI 5725
FANCLD, FAbPE, TR L S TORILHE (AITECH) 0% A b T 5,

PROCESS FLOW CHART
ACCREDITATION OF INNOVATIVE TECHNOLOGIES FOR HOUSING

(AITECH)
PROPONENT

AITECH Secretariat receives
application and reviews at-
tached documents if complete

If documents are
completg

AITECH Secretariat issues Order
of Payment for Evaluation Fee

Submits AITECH Accredita-
tion Application

Pays fee and returns
copy of receipt

NHA-HTDO evaluates structural
design/cost evaluation or seek
assistance of support agencies

AITECH Secretariat prepares
Consolidated Report and
Recommendation to be

submitted fo GM for endorse-

ment to HUDCC Chair

OTHER AGENCIES

Forward to DPWH, ASEP for com-

plicated structural analysis, and/

or fo UP-BRS/DPWH-BRS/DOST for
testing

GM to endorse the recommen-
dation for AITECH Accreditation
to HUDCC Chair

5

HUDCC Chair approves recom-
mendation and signs AITECH Ac-
creditation Certificate

H
Receives signed/approved _‘ Secures approved AITECH
5 Accreditation Certificate and

informs Proponent

* Yearly monitoring of the accredited technology is being conducted by AITECH
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AITECH FREED 7 r—

AITECH

ACCREDITATION OF INNOVATIVE TECHNOLOGIES FOR HOUSING

DATA FORM
BUILDING SYSTEM

Name of Proponent

Business Address

Company/Corporate Head

Position H

Contact Person

Position

Tel. No/Fax Nos./Cell. No.

Email Address

Name of Technical Material

Location of Plant/Warehouse

Brief Description
Checklist of requirements (To be submitted in 3 sets)

] Company Profile supported with Registration [} White/Blue print of signed and sealed Building
Certificate from SEC for corporations, DTI for Plans (3 sets-20" x 30" and and 3 sets-A3)
soles proprietorship or CDA for cooperatives. [ Building Specifications signed and sealed

[] Audited Financial Statements which shall include [] Cost Estimates of the applied technology
Accountants Statement and Income Tax Return (Direct Cost only) signed and sealed
stamped and duly received by the BIR

[] Copy of Title of Patent (if applicable) [ Cost Comparison between the applied

innovative technology , material and the

[:\ Technology Brochures conventional (see attached suggested format)

[] Technical Manual [] Structural Design Analysis and Computation in

Metric System signed and sealed (Structural

[ Economic Life Span (signed and notarized Designer should be an ASEP Member)
warranty, see attached suggested format)

] sample Material (1 only) Photocopy of PRC ID of licensed professionals

X . . ,7 (per discipline i.e, structural, architectural,

[] Video Presentation on the Correct Construction X/ plumbing, electrical, mechanical, if necessary)

_Methodology---- i F A
Test Results — Suggated accredlted tesnn |:] Technology Power Point Presentation (e-file

~agencies/ laboratories {%;W %7’ copy)

:\ Moisture Test ™ MATEST or other DPWH accredited [] Listof Completed and On-going Projects using
agencies / laboratories (02) 642-0664 the applied technology /material (List should
[ Compressive and Tensile Test DOST 837-2071 / UP-BRS 981-8500 include project name and owner, location and
no. of units)
[ Fire Test FPRDI 049-5362360 D Ocular inspection of Plant, Completed and On-

[ Other N 1y Tests going Projects using the applied technology

Note: Foreign Trade Test results shall be accompanied by a letter of
Cetrtification from the Embassy where the tests were conducted

Technology evaluation shall be based on the ir provided in all itted to the AITECH
AN NSNS NSNS S NS EEEESEESESEEENENENNESNENNANANESNEREERENEEEEEAREEERS
AITECH SECRETARIAT

HOUSING TECHNOLOGY AND TECHNICAL RESEARCH DEPARTMENT
2nd Floor, NHA Main Office, Elliptical Road Diliman, Quezon City
Telefax No.: (02) 929-5850

Verified as to the completeness of documents:
Date Verified:

AITECH @ RFEZEOKRK DR

279




6.4 T4V RITHETIEORELEREHI
(1) HEBTEOERR
D 74V D% CBEDOEAF#F

Fundamentals of new CHB construction T4V O CB EDOEA S &
in the Philippines
Use of high quality CHB units 1. @EiED CB ==y ff
Less amount of grout (hollows with <77 NEORAD (TR & A AVDZETR
rebars only to be grouted) DIHZETTUR)
Simple execution of work 2. i LoffiFEk
*No columns (bearing walls act as FEIEOR () BE TR RS L ChH#)
shear walls) <)
*No beams (reinforced concrete slabs < (BANR) 3R (RC EATTIIHAY
act as diaphragms and bond beams) 7T LEEAGEL THEIK)
*Firm foundation of CHB units *CB = e FH V2 B [ 70 B A
+Use of D10 and D13 rebars only -D10 & D13 DAf5Efs 7 A H
Short construction period 3. i T HA R DR
-No mortar finishing on walls BEDE A AL B AR
*Less form works e/ PNRO T
+Various types of slabs:cast in place Fhx DATT BIGFTH RC, 7 v¥, 7
reinforced concrete, steel deck, Ly AN
precast, etc.
Roof shib
Window S
i hearwal)
g ETEn
S—
Poct Bearing wall
(shear wall)

i Foundation
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New CHB construction in the Philippines 74Ut > D% CB &
@ 74O R, LIS 2) Fifiima 7V — 7 uy 7EakEh - i Tt

(%)

(Draft) Guideline for
New Reinforced Concrete Hollow Block
(CHB) Construction in the Philippines
(for Proposals I and II)

Scope
« This shall be wused for

buildings of reinforced concrete hollow

guideline

block (CHB) construction not exceeding

three stories, except the basement.

Foundation

*Bearing wall lines shall be supported by
reinforced concrete (RC) or equivalent
continuous foundation.

*The width of the foundation wall shall
not be less than the thickness of the

bearing wall.

Bearing Wall

+ Bearing walls shall be installed in
balance horizontally and vertically.
*Bearing walls shall be composed of CHB
that shall not be less than 0.15m in
thickness.

*The gross compressive strength of CHB
unit shall be no less than 6N/mm?2
(870psi).

*The height of bearing walls between the
top and bottom supports shall be less
than 3.3m.

74V D
BELILizxT5)
a2V — N ay ik
REF - TR ()

BH
ARFEEHT, MRS Z PRSP EDS 3 LUF Ot 5=
IV —= T vy I EDO MM 5,

AL

M IEERE RC /X FFOMEEMEIZ L -
THRESNDZE,

SIEREDNL D BN Iy OWRILIN ) BEDJE S
U bEET D,

[RpAL

T} ST BE VTSV S ST 3T A LS
BLiE 95,

it SIREZ WD ZE = 7 — T ay VDR
X% 0.15m LL EET 5,

T ay /a2y bOEENETRE L 6N/mm?
(870psi) LA E&3%,

< Tt S BED TE S & JE R D FF A O & Sk
X 3.3m 15,
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*The bottom of bearing walls shall be
supported by foundations or floor slabs,
and the top of the bearing walls shall be
supported by either floor slabs, roof slabs
or continuous bond beams.

*The bearing walls of the 1st story shall
be placed on the continuous foundation or
on the bearing walls of the basement.
*The bearing walls shall be placed no less
than 1/3 of each bearing wall line.

*The bearing walls of the upper story
shall be on the bearing wall lines of the
lower story.

*The bearing wall lines shall be placed no
more than 8m apart in X and Y
directions.

*The wall ratio of each story for X and Y
directions shall not be less than the value

shown in the Table below, where the wall

T JIBEDJEF T IERE E/2IXIRAT 7 T Ff
S, T RBEDTEERITIIR AT 7 | BIRAT 7 %
TR L TWDRE B R TR SNDZE,

1 P F7EEL RC OA A £/~ 13 I
DOBED FIZReE T 5,

T JIBE L AT S BERRIC DN T Z O ) BE
MOEXD 1/3 LI ERLE T 5,
- EBEOT S EEIX T RE O i )
[ERE RN

BESL D 2D

M EERRIE X, Y HHED 8m DL EBENZR
JOITHLE T D,

APEOBERIT X, Y HRFENENIRDED
fELL EEU ., 22 CRESRILIMT /) BE D K - W
BOMEZOBOKREMB CHRLEZLODTH

ratio is the sum of the horizontal | 5. X, Y 5 mH5 O /=it 1 EE %L Tl
sectional area of bearing walls divided by | DK HFEIZ cos20 LD,
the floor area of the story concerned. For
the bearing wall that is inclined 6 from X
or Y direction, the horizontal sectional
area shall be multiplied by cos26.
Table: Wall ratio of the story A PEDBER
Single story 2 story buildings RO 2 RO EY)
buildings 1st story 2nd story W 1B 2
1.20% 2.76% 1.46% 1.20% 2.76% 1.46%
3 story buildings 3 BEREDOEY
1st story 2nd story 3rd story 1 [ 2 b 3 P&
4.32% 3.20% 1.70% 4.32% 3.20% 1.70%

*The bearing walls shall be reinforced

<M JTBEL M EREEL L Th 28975 KO ITHE
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by horizontal and vertical rebars, so that
they can behave as shear walls.

*The rebars shall be D10 or larger that
are spaced horizontally as well as
vertically no more than every 0.6m. It is
recommended that the rebars at the end
of walls and around openings are D13
equivalent or larger.

*The vertical rebars shall be continuous
from the bottom to the top of walls.

+All reinforcement shall be covered by
concrete or cement mortar no less than
30mm in thickness. The thickness may
include the thickness of face shell or web

of CHB units.

Floor

*The floors shall be constructed with RC
or equivalent slabs that can transmit
lateral forces to bearing walls as the
diaphragms.

* In case there is no diaphragm, a

continuous bond beam shall be provided.

R I L > THIR 528,

AHIRAIL D10 UL 2L, F OIS
0.6m Zix 722 &, BEOumHEEER 1 JE PO
WIRAIL D13 LA EZFHWAONREELLY,

SERIXBED T D B E Tl L TV bHE
&

IR O3 7 — NETIXE A ZUIC LD
DEXT 30mm Ll L2528, #EXIZIE
CB =y ;DT A A =)LV E- TV =T DJE
EEMADHIENTED,

R
RIFF AT TLELTKENZHARETED
RC AT 7 £72i3Z N EFFOHIEETHTL,

cHANTTEDIRNGE L, BT 5 5%
(ENG) T 5T &,

@ 74VEr~0 CHB TIEDORE

Proposal of new CHB construction in the

Philippines

Proposal I: Improved Japanese
conventional construction

Conventional Japanese reinforced CHB
construction (390x190x150mm unit) will
be improved maintaining the merits of

the construction.

T4V~ CHB TEORSE

RE L FADIER THEOHETIE

HAOE MM CB & (=~ =vFh
390x190x150mm) DK AT &% L, HATA L
E‘a_éo
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Merits  of  conventional CHB
construction are:

a) Reinforced CHB walls act as
bearing walls and shear walls.
Therefore, no column is required.

b) Joint mortar depth is 10mm. Then
faces of walls look beautiful and no
mortar finishing to walls may be
required.

¢) All hollows of CHB unit may not be
filled with grout.

d) CHB units can be piled without
lifting them up to the top of vertical
rebars.

Demerits of conventional CHB
construction are:

a) Bond beams that are wider than
wall thickness stick out from the
walls.

b) Construction of bond beams is
difficult.

c¢) Intersections of walls and fringes
of openings need to be cast with
concrete.

In order to overcome these demerits,
improvements will be made as
follows.

a) CHB units for bond beams and
lintels will be wused, then the
construction of bond beams and
lintels becomes simpler.

b) Cutting some parts of face shells
and webs makes the construction
easier at intersections of walls and

fringes of openings.

13k CB D T,
a) ATk CB & DBEILIH J)BED iR
BELL T O T AR E Th S,

b) E/LZ)VHHMOESIT 10 mm T, R7=-
HHELL, BAZNMAL EITE2ERTHZ
LINTEAS,

¢) TXTD CB 2=y rDZEHM% 7T
THESDMEITIRN,

d) fEfHZREL-%, CB =y MHibh
EFBZ LRI ENTES,

TE3k CB DAL,
a) EAZOBEITEEE LD E V0T, BEH
JOROH T,

b) EAROHE TAEEL Y,

c) BELBEDAZAETSCB O E P Iz=
TV—NafTRTHENHD,

EROIIREFTRLKT DD, D XD
7Rt REATI,

a) BARa=yhE v, BARRIECE )
D T2 b2,
b)

¢ BEDRZ L O EBHIZB W T =
AR =N Ty T H Y528
\Z&o T, D D T2 I I
ERAN
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¢) Firm foundation is realized using

CHB units.

Proposal II: New construction using new

CHB units

New construction using new CHB units

(400x200x 150mm ) has features as

follows:

1. Running bond as well as stack bond
can be possible without lifting CHB
units up to the top of vertical rebars.

2. CHB units can be piled without joint
mortar. Gout will be filled after

several rows of units are piled.

3. Between upper and lower CHB units,
cylindrical plastic splines are
inserted, that restrict the out of
plane movement of units. The splines
will also be used to adjust the
plumb line of walls.

4. The stiffness and strength of floor
slabs can be increased against
vertical loads using CHB units for
bond beams with horizontal rebars.

5. Reinforced concrete slabs without
form work can be possible.

6. CHB units for bond beams can be
used to make firm continuous
foundation that reduce the form

work for foundation.

¢) CHB == ;& V- BR [ 7 SL R A7
H3 25,

TR I3 CB 2=y b AV Lk

HLUCB = (400%x200%X150mm) {255
T LIEIITR D IO B S B D,

1. CB =y &Mt LinETHRH BiF5
Z&eK  FHEMB AN E L FRETH
N

2. EAXNVERNTIZCB=y  MfEA |
FHIENTED, FBex =y MEH BN
ST TN T D,

3. CB =yl ETLHEIC, HEET T2
Fo IR (REVE) ZFHFAL, 2=vhD
AN ENZ L, REWFEIX, EONE
IS HZLICE T A OER A E
1ET %,

4. B\ CB ==y M aHE
HZLIZ LT RAT T O B AR B kT
T HIREE LA B D DHZENTED,

5. HHAEZHWRNWRC AT T INARETH D,

6. BAZH CB =y h;&H/-EFE Ak

AT lIck> THAED AP T
BT D,

285




Proposal I (Stack bond)

X1 (381)

K,Rainforced concrete slab BB H—FEAST

286

I:’ S S S S
|
II’ o H H H
_grout HS55 vertical rebar $fF
v horizontal rebar #f5
¢ B L/ L L
1
q’ "
0 i
1 ? I A ii ’
( 2 a[. T HLL -
e |
| 390 |
( 3 C!
¢’ g H H H
¢’ 59 H H H
Z L
A | 0l
= Unit B is also used for foundations
. _. A=wkBIEHERICEALD
2 [ licl(- |
LI_‘ ' L.
I E— i
i iC i [ = b%cutoneofthes&.
[ | WFhhEHUERS
| 390 |



CB

Proposal | 2%l

CHB units for bond beam and lintel
BAREFCETHCBaA= Y k

horizontal rebar

vertical rebar

N

390 mm L 150 mm

190 mm

S
50 mm

-
50 mm
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Proposal I CHB units for slab ends
R=EI AT JiREACBLI=y b
S
E
L ] ® ® L] L ] %
| |
| ,Vemci rebar I E

190 mm

190 mm

10 mm

3% mm

reinforced concrete slab
FTYyFRST

150 mm

oy \ steel deck for slab

b At the corner of the slab, coner unit (C) is used.

HEMICEHEH L=y L O ZAWLS
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Proposal Il (Running bond 15)
Basic units are (H) and (C).
(C) units are cut to make (CC") and (CH’). =y MONTBIML(CCHECH)ET B,

zverticai rebar &R

=REIl (BEhEiH15)
Ao =yMIMHEC)THS,

,grout TS5k

C H H H C
horizontal rébar | #& &5
=2 ‘( = -8
H H H C
kS - plastic ball 7’-3-13’-'32!‘JHH
C H H H L
H H 5 ¢
............ . ' V 77— ' |
=
C cut for vertical rebar . \cut for horizontal rebar
HEE D 1= Y I CH. wEmooys 0000 |
C
= @ =
e€’ -l -n
[
h i ' 1] -
o | s H ¥ H “ H [ .
| . \ = — ==
> %
% H C
cut i [
- CH_ @ CC cC
s )
e €’ L
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350

Proposal Il (Running bond 20)

Basic u

(C) units are cut to make (CS), (CC) and (CH).
350mm long (CS)is used at the end.

nits are (H) and (C).

330

400

®’EIl (Bh B#20)
AR =y MEIHEOTHS,

F&3500(CS)ERIZ HW D,

2=y MONTUIHL(CS), (COE(CH)ET %,

50

< o< ) grout F59k /vertical rebar #tf5
¥
CB H H H ¢S
horizontal rebar &5
a8 & { .
gs H H H CS
. 2 plastic ball 75z Fﬂ?ﬂ?ﬁ
CS H H H as
¢s H H H CS
; 350 . 400 »
< < - |
: | — i : |
- = —
N Cs
IIIIIIIIIIIII cut for vertical rebar . \cut for horizontal rebar
H Hit iR O 1= N CH 1 D= Y1
H - -
€€ | | el
350
} T
. ‘ H . H . H . CS .
Y [ : i
Cs o i
M CH CC |
H H | H
|
e
i HH N
LW 55




Proposal Il (Running bond 20) REII (BhB#20)
Bond beam and lintel BLREFECE

/Reinforced concrete slab #%far2)—MEAST

(N S S S S
grout ﬁ’?l‘-
CS B B |¥ B
/phstic ball 7FAF v BBk
e :;ﬁ ontal rebar g /V‘Ftical rebar
ds EE B‘I E r L

o '

$| o L )]

-]
Q
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Proposal Il

H

CB

REI FBih-BhBHACBIL=Y b

{
\

1

~vertical rebar #i5H

CHB units for stack and running bond

vertical joint #i B tth

.
sr
W

gl
30 45

=
115 _ 115 o
\DT\_ — = ¥
le 4(” = Lo lm -
o 400
{ : : T : horizontal joint & B h
o —— ol b B 6,
g
I —\:\o I3
| N }
i — |k
| | | | =
115 | | | 115 i
I I | I
| I 1 ]
I I I I
I ] | I
| 1 I 1 1 I
\o'::_ s ' 1 : : e ¥ :
i T = 7
' CH L CC ax _ L~ S
1 == = - -\\\;' - =
L _CS__350 __‘ plastic ball
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- CB

Proposal I CHB units for bond beam and lintel
REI BRELECSHCCBaI=V b+

B

I {|_ horizontal rebar 1%
- plastic ball

P X/?‘ v B AR

\

} | \

_ vertical rebar # 5 | / \,

‘o & &

200

Q

200

c
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Proposal I CHB units for slab
REI RXST7HCBaz=vth

o909 09

TSAFvI AR

| f /

QL ,/vertical rebar #tfH \l-w _6/
il ki
100 100 §
‘9*_— %" ‘@ -
. 400 150
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v o)—hN70OY 5D
KT &SRB

1 EL®HIC

fia>2)—-hr 7y s (CB) @R EOEERFEIZIISE S DARREERDH D,
T BEENREEZEDAZLEZEKNE LT WS, LU, M - #EH5%
EOMEPRAREEIZIDOWTIX, ZORMUAPHBETEVWEDEZ Y, ZORED, ZZ
TIREARIZIZEE>T CBEDBIETARSEENREIZIDVWTHS D TEITAS,

2 MAEBEOEAAFAHEICDOWT

2.1 EHAABEOE—AY MNERA

BEIZ[ 1a) IR KD RFAAMEw WMERTL25E62F A5, MEIZK > TE
AU BT IREERIR O X RRMIT X o TEAR D, s PR BALIEE XN
TWAEERFAERD) O XS ITHITE—AY MM ERKDHPEU S, ThlEE - £
I ¥ Y ZFOEE ), Ml Y ZFOBEIRd) DX IITRd, TaDADEE X
NTWBEEIZe) DL DITRD, b)~d) ITHARS L TFIROE— A > ARG K Z
K&RY, ZhHh 7oy ZHIGMERIZ X > THET 2 XERFERTH 3,

. {f = Hy=
H | Mi= % gha swh
= | 1wk’
; — JMQ = JIWE» —
w £ h % wh? % ke
= M=
= %% e sk
% y j5wh = swh =h i i P
T lwh P Swh Lwh

a) WHE b)) @AMEE o) TEEIEERYY 4 @YY  e) THREFEEMAM (FFH)
X 1: BEOWMAMEIZLAE—AY MERH

XoT, B e) DL BLRFRBHBRBIIZOBVWEIIIIZFETIONFEL, ¥
DEBTHRELLRZBEIE. B2 - ROBED 1/2 ATiC L, 22ofmsRmHD T
Uik BE A X DM (REEPRAY) LHAEEIEI2RENHD, ©HHA.
B2 RS D EMEPIRAR L BBEOEET - AV (M = lwh®) ITEHITE B
NRETH 5,
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EEMIZIZ E TR BEFEL RS b) BREIF X U \WAS, flisRMEA 2 T ORZEM
R8T Y A— U, DOMEMEHORPIZHFEEZR TRV LD ITT S0 TRIC
HEETH B Z L%\,

R, BELHETOBEARSEXD L, A)DXIIZTIONFEELY, TRbE,
B0 ETFIITE AN N2 EETIEVEEL U, SRR TRRERIMITE— A
¥ (My = zwh®) ZHUTHDBMREZ ARG L5295, BB, LT
YV TCRBSEEEZMARTIEAEENDLTEHD L, BRKE— AV ML Lwh?
KON LBBIDTC, LoBE2EED,

2.2 [ AOBE DR & mAh T 2

B 1b)~d) 2 BHT 5 L B4 LTI CHRT 284, BAMITE—AY MMERR
LI, B2
Mm:mzmz%— (1)

WeRHEIRS. CBAERAO2AHEU, BICIXEAKEEE 1.02MER T 5 LIRFE
15, CBiti#OHMHERE 20kN/m* 2 U, TDE X dm, CB®DRAIE0.4m iz
DWTHERB L, wikRALB B,

w=20x0.4d=8d(kN/m/0.4m) (2)

ER%ZE (1) RITRATDERALERD,
Moo = d b2 (3)

MR IR DR RIZH O, TOHFEIERNET 958, FEMITWH M,
FRRARSL &3, 4 3 3
Mq:Tx§><Z:§dT=0375dT (4)

(3) A& (4) REFLWETLHELRAVPBONDS (ZOFHETIXCBEEDERI
CE w AT 570, BEOEAIHEL BV,

hgng:OE%T' (5)
mB. HEEREOBIZIE Myw = My =wh?/12 L2 50T, ERIRAL 3,
h2=f%T=05@5T (6)

B D10 OB AL Tlmm?2, SD295 O A 25551 B 1 295N /mm? 2D
T, WHHASIENIXT=20045kN £ 725, DI3OMEREIL 12Tmm? DT, T=
37.465kN & 2 %,

TRk&E (Z2) TELEPBINLZVE, FETHEEDDEEADLRYUTHS I,

HREDFHETIXAE N Z 27TkN/m? L LTHELTWA D, 7oy Z7OEEH0.135m M ETH
DX 1g DHBADHHXER LB, o, BERYTRAEARINMEEREISBoRVWEF R
o

SEHIAMATWBEENE, dIX1~2mm BENAS R, BRI R I THEVWOT, 22T
RELEORK 3 2HCEOMAERET 5.
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k-T, DI0DHEIEG) A2 SRANELND,
h=2.803m (7)

TRLL, B DI0Z 04mBERCANS &, CBEEONEE X XK AK2.8m
FCHAINLZ iz D, FAROHEE2 D13 (WHEM 127 mm?) & fHsRiEsom
B O0SmIZ2oWTHiTo L., HENERBIRRIOLI RS, kB, AERD ()
NI REE L LB EDETH 5,

P EOFEL O, MR DI0Z 04mBEIRE 32 & (fHsRI6ER O 5 & B2 U
R LH), NEEX28m ETIRABE WD Z2IZHRE, X5 IZHERO EERE P M
RUAEROMREZZZ S &, MMt D102 04m B e 92 & (fl5RE5 % J& B
WWEHIERC YY), Ty 70MAEI I ImBEEIRAREE b, b, flimkt
D10 2 BSE LT SO B AR 0Sm D5E (NEEX28m&d5L), M
SEE CHEHAKEEELZ 07T LEELTWAZ LIRS,

& 1: fli5R CB &aE o MEmn il & NEE S
A KRR 1.0 0.7
HiEfs o> R 0.4m 0.8m 0.4m 0.8m
#tfl | D10 | 2.80 (3.43)m | 1.98 (2.43)m | 3.35 (4.10)m | 2.37 (2.90) m
SD295 [ D13 | 3.75 (4.59)m | 2.65 (3.25)m | 448 (5.40)m | 3.17 (3.88)m
() NOEFEEREE L LGE

2.3 MWAHEDEREZITMER

M CE Y ZRINTWEEX h O HBEORIERE F RN TERI NS,
o Bl

Pk = ? (8)
CBOY VIR E 2RD LS5 IZRET 51,
E = 2.1 (kN/mm?) (9)
SEEMEOME 2 RE—AY M RRATEIZSNTWS,
bt3

ZZT. CBD~ k% b=400(mm), t =150(mm) L L7 LA AV VDR %
25mm & §B L, TxA AV IANBERODARD [ IZRD X IZHRS,

g _ 400 x 150% 400 x 1003
o 12 12

X - T. Wi 400 x 150 (mm) ® 71 v & CREAERZHE X 3000(mm) O O HEJE &
HIZRD KD I3, 21 % 70.2 x 108
B 22.1 x79.2x10°
B =3.14 T — 182.2 (kN) (12)

1B} /3=5000y, (N/mm?), B & CB EH8#&EE F! =4.2(N/mm?) 6 R 7,

=112.5 % 10° — 33.3 x 10% = 79.2 ¥ 10%(mm?) (11)
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mH. BH7 1y 7 OREMFERAER 14 (N/mm?) TH 5,

Ko, MR AL RIS E I, IR DOER R Y EZERL TH A ERGH
BERREISNEIIN U THa/NE L IWHEBRRENIIN U T TR RREVDH 5,
Fa. BEOEMUTH ZNIZG U CRELEMT 20T, U EDRTEOBRKIL
FEEIZB D 5 EATE 3,

3 MHEOCEHAREAMMADEEE

3.1 EAAREOE AR

58 CB EEEDE A WRE 13, O UEINFEAERFT0.25~0.3N/mm? (2.5~3.0 kg/cm?),
KRB TOUENFEERD 35D 0.75~0.9N/mm?(7.5~9.0kg/cm?) TH BV, Lo
T, OUBINREERIIN LU TR-AY VR 0.2 TRt (BEFALNRE) 95
&, RRRON—-2AVEHIL0.6 485, ZHNREERMESRE D, =06 TERET
5Z iR, (5o bBMEDEWRCIETIZ D,=055 ThhH., TOMOEEE
HELTH) BEMIZBZLYRREHEEXATIVTHS D,

= 0.417 (N/mm?) (14)

4

32 MEEERFEETRAEBRICOWT

R—AY V0.2, BREE (BIR) OBRARERYLAVEEL 10kN/m?, B
Tay 7 OEHFAEAMIGHEYD £ 025N/mm? & UT, HEERy (FRERIC
X9 HEEACEMEAMOILR) 2 FERTHE T XA RS,

pr = 0.2 x 10 x 1,000/(0.25 x 1,000%) = 0.008 = 0.80% (15)

REHZ IS HEFEZ GO 15 2F A5 L, FETHEEp IFRAL B3,
pa = 0.0120 = 1.20% (16)

2, 3D E. B EBUATIIRAREMY~ D EEZ 13kN/m? £ L, KAD A;
ZHVWTCEETS L, 2l Toy; =0435, T=014DFE, A, =1213L 43, 3
MR T oy = 0.278, a2 =0.639, T=021DHFE., A3 =1417, A, =11582 7153,

otk
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XoT, 2MED 1, 2O NERER p ¥ ERETFBER py ILRD X D125 (BLTFTDORA
WWEBWTIHRFED (1/2) X 2RO 1275 9),
Pe(/2) = 0.2 x (104 13) x 1,000/(0.25 x 1,000%) = 0.0184 = 1.84%

Paq/2) = 1.5p; = 0.0276 = 2.76% (18)
Prizzz) = 0.2 X 10 x 1,000/(0.25 x 1,000%) x 1.213 = 0.0097 = 0.97%
Pagz/ay = 1.5p; = 0.0146 = 1.46% (19)

IPEERD 1, 2, 3 D BBRER p_ & EHFABEK py 1LRD & 512725,
Prcajzy = 0.2 x (104 13 + 13) x 1,000/(0.25 x 1,000%) = 0.0288 = 2.88%

Paq/s) = 1.5p; = 0.0432 = 4.32% (20)
Przyz = 0.2 x (10+ 13) x 1,000/(0.25 x 1,000%) x 1.158 = 0.0213 = 2.13%
Pacz/sy = 1.5p; = 0.0320 = 3.20% (21)
Prayzy = 0.2 X 10 x 1,000/(0.25 x 1,000%) x 1.417 = 0.0113 = 1.13%
Pagajzy = 1.5p = 0.0170 = 1.70% (22)

fER, HEEER o CRFHBR p IR 2DLDITRD,

* 2 &P - B HMOLEEER p, L 3EHHEER py

" - » 2 PR 3 R
HEER VB i T oE [ 1E | 2 | 3B
BB, p 0.0080 | 0.0184 | 0.0097 | 0.0288 | 0.0213 | 0.0113
AT A EER py 0.0120 | 0.0276 | 0.0146 | 0.0432 | 0.0320 | 0.0170
X /REF (mm/m?) 80 184 97 288 213 113
Al Hi¥ (BfE) (mm/m?) 150 180 150 250 180 150

(BT PR R (0t 3 2 BET I RR)
FHEERE 150 mm DG (REELMEKMTT A 62 520 4 8 2 H T 150mm /m? PAE)

2 KO BEIEAELETHE 62 RO AE2HTHESINT WS [BR 15cm/m?
BBl (150mm/m? BAE) PR H EMCIIEHE LIRS ETHE, ToMmd
Bz DOWTik, HABSEYES (AL) OREANRHEL Z->TW3,

Hp, R2OFBEMEMEBEHIRGEH Z 2R U CHEZERBRLTE LW, £/ 25
FKIMIZBWCIEHET Imic2 %, ithEEz2 R EET11%. TO TR T %, TOTH
BREED 1) T3%WmXEs e k\,

4 TAHEDZFELEY ETIARI MY
4.1 1EMmHEE

2Dk S ICTELRIZAKTF S P, $REHAW 2135 (2> 27 ) — b D3|EH % &
HMU. MERPEEINTVEREWVWEIREL) BZUZIEL. &2 o 1Bt HEEiz 2 \»
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T, BXEMROOMEEFLOMODHDE—AY MORDEVEEZ L LRAMVE
L5,
1%:%%W+%T (23)

ZZC, TRt HESRERD 7> —I12E$ 55580, W IEEIZ/ER L T\ SRl fif
H, by iZBOEEALE TV A-NEEZTOEMTHS,

X 2: KEHERENZZITD 1B HELZFDE—AV b

— &Iz, R CBEOBY T, SREMEL X, Y M AROM e T IN T W
%, X, YW HMDOBEERE p 2§58, X, Y FRDBEIZIIREBIED D ZORE
RE ay, oy NEMRMEBIKEDEOACEHEMAIZHAL THHEINI LTE, K2

DEOBMAHBETHIRNNEDODEX L LT, WIERATHEZHNS,
btw

W 7 24
(1+ oy /ox) pr @4
ZIZT w RN HBEA LR 2B O B TR L DV OERTH S,
ERE (23) RILRATB L, RALARB,
1 btw

—J. AU CWAIEGEAMRAEE T35 &, PRRATEZ NS,
P=1bt (26)
k5T, (25 RERD LS 1223,
btw

1
- by i 7
Tbhth ng (1 —I—ay/o:x)pr +b07 (2 )
EREYPEEN
lbo w b(} A
i R R R . 2
2h (l+teyfo ) b th
ZIZTC. X, Y SO HEEEASRR O Y RS X HH0D 3585 ay /oy =
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0.01(N/mm?), h=3000(mm), F*2 &9 p, =0.008, t=150(mm) &3 %, fit/J8¢
DEABAEHEIZOWTE, AR E r = 0.25(N/mm?) IR 2555452 %

AHE, ERARRODEIELRS,
0.8b 0.01 08T

25 = 9
025 = o [1+3)0.008 " 150 x 3000 (29)
0.25 = () % 0.125 + 0.00178—— (30)
T ' ‘ 1000 -
XoT, BEOVDPEULBROVWEBRT AR bhr RO LS IZES,
o= () = — 2 (31)
b’ (0.25—0.00178: %5

h 0500 7Y H—HOBNEEL
Te = (g) = . " (32)

0.682 7> h—fh D13 DFE

BRAZ3BOT7T V- AW. BEOBECRVERT7T AR br. 2% 312
R,

#Z3 FEOPEURWIHEDER T AT Mr,

M i T * R T ARY My,

7 v — (mm?) (kN) — B E e R
7L 0 0 0.500 1.000
D10 71 20.9 0.587 1.175
D13 127 37.5 0.682 1.364
D16 199 58.7 0.859 1.718
D19 287 84.7 1.260 2.519

* 7 v 71— OFEMEFFESRm N

4.2 2B EE

M 3a) Dk 572 BHAEOBEERD LS 1285 AFOERIBVTRED
T 1, 2 B A R,

1
Pihi+Fs (hl + hg) = 550 (W1 + Wg) + by T (33)
byt t
W, = 111 Wy Wy = by ta wo (34)
(1 + ay1/om) pra (14 aya/ona) P2
Pl—l—Pg:leltl pngzbgtg (35)
bl {1 wy b? to wo

1
T1b1t1h1+7252t2h2=§bo{(1 }—H)OT (36)

g iy /O-'xl) Pr1 (1 T O-’nyOf)Q) Pr2
\:\:'@\ blzbgzb\ tl :tgzt\ hl :hgzh kbfﬁiﬁé?ﬁéﬁ@‘% &‘

»r+r—1b"{ i 4 = }JET
. 2 2 h. (]. -+ a'},l/asxl)pﬂ (1 -+ Ofyg/ﬂ’x_z) Pr2 b th

(37)
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X HIT, ayi/am = ayfaz = 3.0, by = 0.8, wy = 13(kN/m?) = 0.013(N/mm?),
wy = 10(kN/m?) = 0.01(N/mm?), h = 3000(mm), &2 &9 py/s = 0.0184,
Przjzy = 0.0097, t = 150(mm) &9 %, MWHEEDOEAMNIEHEIZOWTIX, 1T
RHARTAI 1 E 7 = 0.25(N/mm?) IR 5B, 2B Tk = (0.0097/0.0184)0.25 =

0.132(N/mm?) L A TL\VTH 5D, £o>T. ERRBRO KIS,

0.8b 0.013 0.01 0.8T
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T 2h \{1+3)0.0184 ' (1+3)0.0007J " 150 » 3000
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b 3
0.382 = 0.347(—-) + 0.00178 ——
('2!1) T 1000
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(38)
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(40)
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_ 2h, (0908 TYAH-BOBVEE
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b’ 1101 7Y H—f5DI3DEL

3 | %
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M; 2y — M

Iy

]

[N b : - M, L b M,
a) 2 il 8 b) 3 Jgiit 718
X 3 KEHEZIFTA2-3FELFOE—AV b

4.3 3B e
X 3b) & & 57 3 Wi HEDOBE KD LS55,

1
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Wl g bl tl wy W2 = bg tg Wa Wg - 53 tg W3
(l T le/axl) Pr1 (l T OfyZ/a}cE) Prz (1 I 05}’3/05}(3) pr(3 )
44

P+ P+ Pyi=1bty Po+ Py =7bty Py = 130315 (45)

Tibiti by + 7o batoho + 730383 A3
B E { bl i1 wy bg to wo bg ta Wy
2 (1 + ay]/axl) Pr1 (1 o ay?/axE) Pra (1 = ay3/QX3 Pr3
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,:.T.:‘\ b]_:bQ:b‘g:b\ t]_:tg:tg:t\ h1:h2:h3:htb'f_[:it’i'%f$
ERSR N

Ti+To+Ts = 160{ W2 Ws b T
. ’ ¥ (1 + ayl/a:cl) Pr1 (1 =+ ay2/3x2) Pr2 (1 e OfyS/Of:cS) Pr3 N b( t }3
47
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Prz/m = 0.02130 prgysy = 0.0113, ¢t = 150(mm) & § 5, M HEDE AN IS
BIZOoWT, 1 BCHEIFERNE n = 0.25(N/mm?) i85z, 2B Tk
79 = (0.0213/0.0288) ¥ 0.25 = 0.185(N/mm?), 3§ Tid 73 = (0.0113/0.0288)x0.25 =
0.098(N/mm?2) EEZTEVTH 5D, koTERRRD K> 273,

0.25 + 0.185 + 0.098

gy 0018 0018 001 L S

" 3R \(1+3)0.0288 ' (1+3)0.0213 ' (1+3)0.0113J " 150 x 3000
0.533 = —{0 135 + 0.183 + 0.265} + 0. 001?8% (49)

T r
0.533 = 0. 583(—) +0.00178 (50)
3h 0.583
Pe— (?) (51)
(0.533 — 0.00178:L:)

XoT, BFEOPEURWIBWMOBEDORRT ARY Mr 3RO X D125,
B (Sh) B {1.094 TV H O RWES

52
1.250 7> h—f D13 DEE 52)

303



' <
A _\'é

G 7 e S 7 L
a) BARAS AR N b) BURAHIC & % A
4: OE2FETHRLEFDE-AV |

4.4 T ARY M &K R R

TARZ FED (BEVZEUBXH58) KELREDOEEIK. 7TARY MHRIZE
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R AEFERT DBEIER,

X 5¢) DFE, L UTIRIED, BmXheds I—MEE 2 UT, 2h0ER
FHEHETZD, BAORE L LT (1—9¢) L0 ZOEEBELPREVEEIZ. Z
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Lateral and Vertical Load Bearing
Capacities of Reinforced Concrete Hollow
Blocks (CHB)

1 Introduction

This report is to verify structural requirments of reinforced CHB construction and
to propose New Reinforced CHB Construction.

2 Out-of-plane capacity

2.1 Bending moment and reaction force

The wall is subjected to unform lateral loads (see Fig.1a). The bending moment
distribution differs accoding to the support conditionss. The moment becomes as
Fig.1b) in case both ends are fixed, Fig.1c) in case the bottom is fixed and the top
is supported simply, and Fig.1d) in case both ends are simply supported. In case
only the bottom is fixed, the moment becomes as shown in Fig.1le) and the moment
of the bottom becomes extremely larger than in other cases. And this is one of the
reasons of CBH fence collapse during earthquakes in Japan.

_ ‘_le Hy= H =
Ml :% %H”h gw'll’ flwh,
1 w}?

2
My =
1 2
Ewh

g
(T 11
o

M, =

a) Load b) Both fixed ¢} Fixed and supported d) Both supported e) Fixed and free

Fig. 1: Out-of-plane load and bending moments for various supporting conditions

Therefore, walls should be supported at both ends. If only the bottom is fixed,
the wall height should not exceed 1/2 of other walls and vertical rebars should be
anchored to the supporting members that have enough capacity against overturning
moment (Ms = %whz) of the wall.
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From structural point of view, it is preferable that both ends are fixed as in Fig.d),
but it may be difficult to make all rebars continuous and anchor all vertical rebars
in the supporting members.

Considering structural and construction point of view, Fig.d) is most preferable
and acceptable, i.e. make both ends supported simply and place enough continuous
rebars to resist the maximum bending momente (My = %whg) at midhigh of the
wall. If both ends have some resistance for rotaion, it makes the bending moment

smaller so that it becomes more preferable.

2.2 Vertical rebars and out-of-plane capacity of bearing walls

Referring Fig.1b)~d), the maximum bending moment is given as follows.

hz
Miax = My = % (1)

Let assume that vertical rebars resist tensile force, CHB resists compresive force
and out-of-plane seismic factor is 1.0, i.e. 1g force is applied.

Let the weight of CHB wall be 20 kN/m>!, the thiskness of the wall dm and for
the width 0.4 m, w is given as follows?,

w =20 % 0.4d = 8d (kN/m/0.4m) (2)

Substituting the above into Eq.(1), we have
Minax = d b2 (3)

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?.

d 3 3 -
— . ety Bl — ‘?'
Ma—Tx2x4—8dT—035d1 (4)

Equating Eq.(3) and Eq.(4), we have the relation as follows (since the thicknes d

of CHB is proportional to the wight w, the thickness has no influence).
.
h? = z T =0375T (5)

In case both ends are fixed, My = M; = wh?/12, then the above relation
becomes as follows.

9
BE = T T =05625T (6)

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

"Wind 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 0.135m in thickness
is larger that wind pressure. For low rise buldings wind pressure may be less than 2.7 kN/m?2,

iIn case joint mortar is indented, d becomes smaller for 1~2mm, but the factor $can be {.
Therefore, using 2 and the influence of indented joints is ignored in the calculation.
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The sectional area of the deformed rebar D10 is 71lmm? and the vield strength
of SD295 is 295N /mm?, so that the allowable tensile stress becomes T'=20.945 kN.
For D13 rebar, the area is 127mm?, then 7'=37.465 kN.

For D10, k is given from Eq.(5) as follows.

h =2.803m (7)

This means that the maximum clear height of CHBE wall with D10 rebar @400mm
is 2.8m. Similar calculation for D13 rebar (sectional area 127 mm?) and for @800mm
gives the possible clear heights as shown in Table 1. The values in () indicate in
case both ends are fixed.

The above calculation shows that the clear hight up to 2.8 m is possible with
D10 @400mm. Futhermore, taking into accout of effects of fixed end moments and
horizonatl rebars, the clear height up to 3m could be possible.

The BSL enforcement order requirement of D10 @0.8 m is derived by the assump-
tions that both ends be fixed, out-of-plane seismic factor be 0.7 and clear height be
2.8m.

Table 1: Rebar spacing and clear height & of CHB wall

Out-of-plane geigmic factor 1.0 0.7

Vertical rebar spacing 0.4m 0.8m 0.4m 0.8m
Rebar D10 2.80 (3.43)m | 1.98 (2.43)m | 3.35 (4.10)m | 2.37 (2.90) m
SD295 D13 3.75 (4.59)m | 2.65 (3.25)m | 4.48 (5.49)m | 3.17 (3.88) m

The values in ( ) indicate in case both ends are fixed.

2.3  Vertical capacity of bearing walls considering buckling

Vertical buckling load of the bearing of the height A that is supported at both
ends is as follows.

EI
Pk = Wzﬁ (8)
Young’s modulus E of CHB is as follows',
E =2.1 (kN/mm?) (9)
The moment of inertia I for a rectangular section is as follows.
b3
g = & (10)

tFor a CHB unit of Type B of Japanese Industrial Standard (JIS), E /3 =5000m (N/mm?) and
F! =4.2 (N/mm?).
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Nominal dimensions of a CHB unit are b=400(mm) and ¢{=150 (mm). Assuming
that the thickness of face shell is 25mm, the moment of inertia I for face shell
becomes as follows.

400 x 150° 400 x 100°
- 12 12

I

=112.5 x 10° —83.3 x 10% = 79.2 x 10%(mm?) (11)

Therefore, the buckling load F for the 3000(mm) high CHB column is given as
follows.
5 2.1 % 79.2 ¥ 10°

=3.14 = 182.2 (kN 12
B 0002 (kN) (12)
Converting the above, we have the buckling stress oy as follows.
182.2 x 1000 2 .

The weight of the roof floor per unit area is 10 kN /m? and the wall ratio is 0.0012
(see Table 2). Since the wall are in X ad Y direction, the compressive stress o, of

the bearing wall becomes as follows.
_10x 1000/1000000

0.012 x 2
Incidentally the long-term allowable commpressive stress of CHB of Type B is
1.4(N/mm?).
The above calculation shows that the compressive stress of CHB walls is much

= 0.417 (N/mm?) (14)

T

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 (see Table 2) and the above conclusion
remains the same.

3 In-plane shear stress and wall ratio

3.1 In plane shear strengh

In-plane shear stress of reinforced CHB is 0.25~0.3 N/mm? (2.5~3.0kg/cm?)
at cracking level and it will be aumented approximately three times at ultimate
capacity level of 0.75~0.9N/mm?(7.5~9.0 kg/cm?)V. Therefore, design base shear
factor of 0.2 at allowable stress level means that the base shear factor at ultimate
shear level becomes apporximately 0.6. This indicates that design base shear factor
is 0.6 for ultimate capacity level, i.e. the structural characteristic factor is D,=0.6
in Japanese seismic code. Since the maximum value of D, is 0.55 for the most brittle
RC structures, D,=0.6 is acceptable comparing this value with the values of other
types of structures.
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3.2 Required wall ratio

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

pe = 0.2 x 10 x 1,000/(0.25 x 1,000%) = 0.008 = 0.80% (15)

Considering the stress concentration of 1.5 for design, the design wall ratio pq is
given as follows.

pa = 0.0120 = 1.20% (16)

For two and three story buildings, assuming the weight per floor area is 13 kN /m?,

A; of the next formula becomes A, = 1.213 for two story buildings where oy = 0.435

and 7" = 0.14(s), and A3 = 1.417 and A; = 1.158 for three story buldings where
as = 0.278, ap = 0.639 and T = 0.21 (s).

1 2r
A=1+(—=—) 17
V& )1+3T (17)

Therefore, the required wall ratios and the design wall ratios for 1st and 2nd story
of two story buildings are give as follows.

pr = 0.2 x (10 4 13) x 1,000/(0.25 x 1,000%) = 0.0184 = 1.84%

pa = 1.5p, = 0.0276 = 2.76% (18)
pr = 0.2 x 10 x 1,000/(0.25 x 1,000%) x 1.213 = 0.0097 = 0.97%
pa = 1.5p, = 0.0146 = 1.46% (19)

The required wall ratios and the design wall ratios for the 1st, 2nd and 3rd story
of three story buildings are give as follows.

pe = 0.2 X (10 + 13 + 13) x 1,000/(0.25 x 1,000%) = 0.0288 = 2.88%

pa = 1.5p, = 0.0432 = 4.32% (20)
pr = 0.2 x (10 +13) x 1,000/(0.25 x 1,000%) x 1.158 = 0.0213 = 2.13%
pa = 1.5p; = 0.0320 = 3.20% (21)
pr=0.2 x 10 x 1,000/(0.25 x 1,000%) x 1.417 = 0.0113 = 1.13%
pa = 1.5p, = 0.0170 = 1.70% (22)

Summarizing the above calculation, the required wall ratios and the design wall
ratios are shown in Table 2.

Minimum required wall in BSL enforcement order of 15cm/m? (150 mm/m?) is
too conservative for one story buildings and also for uppermost story of two or three
story buildings. The wall requirement for upper stories in AlJ standard is less than
the values in Table 2 and seems to be not enough.
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Table 2: Required and design wall ratios p for each story and direction

Number of stories 1 story 2 story 3 story
Story concerned 1st 1st 2nd 1st 2nd 3rd
Required wall ratio* p, 0.0080 | 0.0184 | 0.0097 | 0.0288 | 0.0213 | 0.0113
Design wall ratio* p 0.0120 | 0.0276 | 0.0146 | 0.0432 | 0.0320 | 0.0170
all length/floor area** (mm/m?) 80 184 97 288 213 113
Al1J Standard (Type B) (mm/m?) 150 180 150 250 180 150

* Sum of horizontal sectional area of walls 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?)

The values in Table 2 can be adjusted multiplying the seismic hazard zoning factor
Z. For heavy snow districts of 1 m snow depth, the values shoud be increased 11%
at uppermost story, 5% for second story from the top and 3% at the third story
from the top.

4 Uplift of bearing walls

4.1 One story bearing wall

A wall is subjectd to horizonat force P and vertical force W as shown in Fig.2.
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 = %bg W4+ boT (23)

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 ay and ay for X
and Y directions. The vertical loads are supported by bearing walls and it can be
assumed that the supported loads are proportional to the horizontal sectional ares

of walls. Then the W in Fig.2 is given as follows.
btw
W= b (24)
(14 ay/ax) pr
where, ¢ is the thickness of the wall and w is the weight of the supported building
per unit floor area.
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a) Bearing wall b) Bending moment

Fig. 2: One story bearing wall subjected to horizontal and vertical forces, and its
moment

Substituting the above relation into Eq.(23), we have

1 btw
i §b0 (1+ ay/ay) p:

Let the average shear stress of the bearing wall be 7, P is given as follows.

T (25)

P=rht (26)
Then Eq.(25) becomes
1 btw
bth==by —————— + b, T 27
£ i 1 2 0(1+ay/ax)pr+ 0 ( )
Therefore, 1 by il bo T

T=0h Ttmjagn & ik (28)

Assuming the wall ratio of Y direction is three times larger than X direction, i.e.
ay/ay = 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 = 0.8, w = 10(kN/m?) = 0.01(N/mm?),
h = 3000(mm), p, = 0.008 from Table 2, and ¢ = 150(mm).

0.8b 0.01 08T

0256 = 29
2% (1+3)0.008 © 150 x 3000 (29)
025—(b)x0125+000178 ) (30)
Tk ' ' 1000
Therefore, the critical aspect ratio r. that does not cause uplift becomes as follows.
h 0.125
o= ()= 31
re=(3)= G2 —000im L) (31)

1000
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0.682 D13 anchor

The critical aspect ratio r. for various diameters of achor are shown in Table 3.

) 0.500 no anchor
pys ={ ° (32)

Table 3: Critical aspect ratios r. of bearing walls

Area T* Critical ratio r.
Anchor (mm?) (kN) Fixed at one end | Fixed at both ends
None 0 0 0.500 1.000
D10 71 20.9 0.587 1.175
D13 127 37.5 0.682 1.364
D16 199 58.7 0.859 1.718
D19 287 84.7 1.260 2.519

*Allowable tensile strength for temporary loads

4.2 Two story bearing wall

For two story bearing wall as shown in Fig.3a), the equations become as follows,
where the subscripts 1 and 2 show the story number.

1

P1h1+P2(h1+h2):Ebo(lfvl"‘i"Wz)"i"bgT (33)

b] 1wy bg to Wwo
Wy = Wy = 34
! (1 T+ ayi/axl)prl : (1 + ayZ/a)c?) pr? ( )
P1+P2=T1b1t1 P2=T2b2t2 (35)

1 b] t1 un bg to ()
buti by + Tabata b = Sbo { }+bT (36
T101101 1 + T2 0212 N2 5 0 (l—i-ayl/ax])pr] (l—l-ayg/axg)prg 0 ( )

Assuming by = by = b, t; =t3 =t and hy = hy = h, the above equation bocomes as
follows.

71+72:

1 by {( wy Wo } b T (37)

2h L(1+ap/axa)pn  (1+ ay/ax)pe b th

Further we assume a,;/0, = quo/a.0 = 3.0, by = 0.8, w; = 13(kN/m?) =
0.013(N/mm?), w, = 10(kN/m?) = 0.01(N/mm?), h = 3000(mm), pyi/2) = 0.0184
from Table 2, p,2/2) = 0.0097, and ¢ = 150(mm). When the shear stress of the
bearing wall at the 1st story becomes the allowable shear stress for temporay loads,
ie. 71 = 0.25(N/mm?), we may assume that the shear stress of the bearing wall
at the 2nd story is 7 = (0.0097/0.0184)0.25 = 0.132(N/mm?). Then the above
equation becomes as follows.
O.Sb{ 0.013 0.01 } 0.8T
(

024 02 = o AT+ 3)0.0181 T ({1+3)0.0097) T 150 x 3000

(38)
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b i
0.382 = --{0.141 +0.206} + 0.00178 - (39)

T
0.382 = 0.347(—%) + 0.00178—— (40)
2h 1000

2 0.347 (1)

b~ (0.382— 0.00178.L.)

Therefore, the critical aspect ratio r. that does not cause uplift of the two story

bearing wall is as follows.

fo= ( (42)

2h.) B 0.908 no anchor
b 1.101 D13 anchor

W

. m
i
£
h =
' E
E
—
W W =
P2 l * P: l i o M_‘E
5
=
h; h | —
i lW' :' lW' =
: E M & 2 UH—
| g —_—
(o]l| O f—

b M, f b 1 M,y
a) Two story bearing wall b) Three story bearing wall

Fig. 3: Two and three story bearing walls subjected to lateral forces and their

bending moments

4.3 Three story bearing wall

For three story bearing wall as shown in Fig.3b), the equations becomes as follows.

1
Py hy + Py (hy + ha) + P (hy + ha + h3) = ébo (Wh+Wo+W3)+by T (43)

W1 e b1 tl un Wg = bg tz wWo ”’r;; - bg tS W3
(1 + ay1/0na) pe (14 aya/axa) pe2 (1 + ays/axs) Prs
(44)
P1+P2+P3=T1b1t1 P2+P3=Tgb2t2 P3=T3b3t3 (45)
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Tibitihy +Tobyto ho + T3 bsts hs
- 1 { bl t bg to wo b3 t3w;
3" I+ an/ax)pn I+ aye/axe) e (14 ays/axs) pes

b 0T (46)

Assuming by = by =bz3 = b, t; =t =t3 =t and hy = hy = hz = h, the above
equation becomes as follows.

T +To+T: —E@{ = + = .5 = }Jrf']—oZ
Y 1+ ap/a)pn (L4 /o) pe (14 ays/0s) pa b( H’g
47

Further we assume that oy /0.1 = /02 = @y3/a.s = 3.0, by = 0.8b, w; = w, =
13(kN/m?) = 0.013(N/mm?), ws = 10(kN/m?) = 0.01(N/mm?), A~ = 3000(mm),
Pr(1/3) = 0.0288, pra/3) = 0.0213, py(3/3y = 0.0113 and ¢ = 150(mm). When the shear
stress of the bearing wall at the 1st story becomes the allowable shear stress for
temporay loads, i.e. 13 = 0.25(N/mn12), we may assume that the shear stress of the
bearing wall at the 2nd story is 7 = (0.0213/0.0288) x 0.25 = 0.185(N/mm?) and
73 = (0.0113/0.0288) x 0.25 = 0.098(N/mm?). Then the above equation becomes as
follows.

0.25 4+ 0.185 4+ 0.098
b 0.013 0.013 0.01 0.8T
=1.2— 48
3h,{(1 + 3) 0.0288 + (1+3)0.0213 &4 (1+3)0.0113 4 150 x 3000 ()

b ) T
05&3_éaﬂlmo+01fy+&mm}+ﬁfawaﬁﬁa (49)
0.533 = 0.583(==) + 0.00178—— 50
7 ) 1000 (50)
3h 0.583
=3 _ 51
Pe=(3) = (0533~ 0.00178 L) (51)

Therefore, the critical aspect ratio r. that does not cause uplift of the three story
bearing wall is as follows.

3h 1.094 ancl
i _1) B { no anchor (52)

b’ 1.250 D13 anchor

4.4 Aspect ratio and reduction factor for bearing walls

In case the aspect ratio is larger than the critical aspect ratio, the lateral capacity
is reduced by multiplying the reduction factor as follows.

In case there are no openings, the effective height of the bearing wall h, is the
height of the story h, i.e. h. = h. In case there are openings, the effective height of
the bearing wall h, is calculated as follows, where h = h; = h, (see Fig.4).

(hy + hs)
2

he = < 2h, (53)
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=
h, ha
b h h i h> | h
T i /’/2_\
a) Fixed at one end b) Fixed at both ends
Fig. 4: Bearing wall with openings and bending moment
The aspect ratio r is calculated as follows.
he
r=— 54
- (54)

Depending on the aspect ratio r, the lateral capacity of the bearing wall is reduced
by multiplying the reduction factor /3 that is calculated as follows.

1 for r< .
= (55)
re/r for r>r.

The critical ratio r. is given in Table 3, where depending on the end condition, r.
for “fixed at one end” is applied (see Fig.4a) or r. for “fixed at both ends” is applied
(see Fig.4b).

(Reduction factor for multi-story bearing wall) In case of multi-story bear-
ing wall, the aspect ratio r is determined from Eq.(54) for each structural frame
(the avearage height is used for inclined wall) and the reduction factor is calculated
using Eq.(55).

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

For example in Fig.5 the aspect ratio and reduction factor are calculated as 1 story
bearing wall for each bearing wall (A, B, C, ..., G). Furthermore the reduction factor
for frame is calculated as follows.

In Fig.5a), the aspect ratio for frame is h/b and the reduction factor r for “fixed
at one end” is applied. The reduction factor r need not be considered if r > (1 — ¢)
where ¢ is the opening ratio (sum of opening widths divided by the whole bearing
wall width).

In Fig.5b), the aspect ratio is calculated as two story bearing wall regardless the
number of stories. The aspect rattio is h/b and the reduction factor r for “fixed at
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J/

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

4

c) 3 story bearing wall d) 3 story & 2 story bearing wall
Fig. 5: Aspect ratio of multi-story bearing wall

one end” is applied. The reduction factor r need not be considered if r > (1 — ¢)
where ¢ is the opening ratio.

In Fig.5¢), the aspect ratio is /b and the reduction factor r for “fixed at one end”
is applied. The reduction factor r need not be considered if r > (1 — ¢) where ¢ is
the opening ratio.

In Fig.5d), the aspect ratio for frame is h/b and the reduction factor r for “fixed
at one end” is applied. The aspect ratios and reduction factors are calculated as
two story bearing walls for the bearing wall including D and F and the bearing wall
including E and G.The reduction factor r need not be considered if r > (1 — ¢)
where ¢ is the opening ratio (sum of opening widths divided by the whole bearing
wall width).

As summary, the reduction factor for each wall and the reduction factor for frame
are calculated, then the smaller reduction factor (that reduces more) is used.
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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 acceptable.

(References)

1) Architectural Institute of Japan (ALJ): “Structural Standard for Wall Type Struc-
tures (Masonry)” (in Japanese), March 2006.

2) Yuji Ishiyama: “Introduction to Earthquake Engineering and Seismic Codes in
the World”, Lecture Note for International Institute of Seismology and Earthquake
Engineering (IISEE), July 2019.
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Hc Be

H(m) B(m) 1.15B

5.4 4.3 1.26 4.95 1.00
5.4 7.2 0.75 8.28 1.00
23.24

23.24

46.48

2.55

2.55

400 mm

200 mm

150 mm

2.40

2.40

RC t=200

RC t=200

=200
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( (kN/ (kN) kN
RC =200 + 5.5x 6.95 38.23 500 191.1
PB 4.0x 5.45 21.80 0.20 4.4
CB Y1 {CBt=150 + 2.4%x 1.2 2.88 3.20 9.2
2F Y3 (CBt=150 + 2.4%x 1.2 2.88 3.20 902l o,
X1 |CBt=150 + 7.2x 1.2 8.64 3.20 27.6
X3 |CBt=150 + 7.2x 1.2 8.64 3.20 27.6
Y1 0.8x 1.2x 2 1.92 0.40 0.8
2F Y3 0.8x 1.2x 2 1.92 0.40 0.8
2F RC =200 + 4.3x 5.75 24.73 510 126.1
1F PB 4.0x 5.45 21.80 0.20 4.4
CB Y1 {CBt=150 + 2.4%x 1.2 2.88 3.20 9.2
2F 0.8x 0.6x 2 0.96 3.20 3.1
Y3 [CBt=150 + 2.4%x 1.2 2.88 3.20 9.2
0.8x 0.6x 2 0.96 3.20 3.1
X1 |CBt=150 + 7.2x 1.2 8.64 3.20 27.6
X3 [CBt=150 + 7.2x 1.2 8.64 3.20 27.6
Y1 0.8x 0.6x 2 0.96 0.40 0.4
2F Y3 0.8x 0.6x 2 0.96 0.40 0.4
CB Y1 |CBt=150 + 0.8x 1.2 0.96 3.20 3.1
1F 1.2x 1.2 1.44 3.20 4.6
Y2 |CBt=150 + 0.4% 1.2x 2 0.96 3.20 3.1
0.8x 1.2 0.96 3.20 3.1
0.4x 0.6 0.24 3.20 0.8 3185
0.65x 0.4 0.26 3.20 0.8
Y3 |CBt=150 + 0.8x 1.2x 2 1.92 3.20 6.1
0.4x 1.2 0.48 3.20 1.5
0.8x 0.6x 2 0.96 3.20 3.1
0.4% 0.6 0.24 3.20 0.8
X1 |CBt=150 + 7.2x 1.2 8.64 3.20 27.6
X2 |CBt=150 + 2.8x 1.2 3.36 3.20 10.8
X3 [CBt=150 + 7.2x 1.2 8.64 3.20 27.6
Y2 0.4x 0.6 0.24 0.40 0.1
1F 1.2x 1.2 1.44 0.40 0.6
0.65x 0.8 0.52 0.40 0.2
Y3 0.8x 0.6x 2 0.96 0.40 0.4
0.4x 0.6 0.24 0.40 0.1
2F 4.0x 5.45 21.8 0.60] 13.08
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5.4

0.02 0.108 sec
Co 0.2
Y ai i
(kN) (kN) (kN)
270.7 270.7 0.459 1.166 63.1
318.5 589.3 1.000 1.000 117.9
kN N/mm2
2 63.1 0.72 0.088
1 117.9 0.82 0.144
2 63.1 2.16 0.029
1 117.9 2.58 0.046
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(kN) (kN) N/mm2
2 | 270.7 270.7 0.72 2.16 2.88 0.0940
1| 3185 589.3 0.97 2.58 3.55 0.1661
()
N/mm2
2 0.088
1 0.144
2 0.029
1 0.046
()
at T
N/mm?2 (mm2) kN
D10 295 71 20.9
D13 295 127 37.5
D16 295 199 58.7
D19 345 287 99.0
2-D10 295 142 41.9
2-D13 295 254 74.9
()
No. b bo ho o] 172 bo
() () kN kN kN kN kN D10 D13 D16
, Y1 2.40 1.92 1.80| 33.8 25.2| 45.4| 325 13.0| 40.2f 71.9} 112.7| D10
Y3 2.40 1.92 1.80| 33.8 25.2| 454 325 13.0 40.2; 71.9{ 112.7| D10
vi 0.95| 0.76] 2.40| 23.7 16.4| 393 9.0 30.3| 15.9f 28.5, 44.6|D16
1.35 1.08] 2.40[ 33.6 23.3| 559 18.2 37.7] 22.6f 405, 63.4| D13
0.55| 0.44 1.80 13.7 9.5 17.1 3.0 14.1 9.2t 16,5/ 25.8 D13
L Y2 0.80| 0.64 1.80 19.9 13.8 24.8 6.4 18.4| 13.4; 24.0{ 37.6| D13
0.65| 0.52[ 2.20 16.2 11.2| 247 4.2 20.4] 109} 195, 30.5(D16
0.55| 0.44 1.80 13.7 9.5 17.1 3.0 14.1 9.2f 16.5] 25.8| D13
Y3 0.80| 0.64 1.20 19.9 13.8 16.5 6.4 10.2| 13.4} 24.0, 37.6| D10
0.80| 0.64 1.20 19.9 13.8 16.5 6.4 10.2| 13.4} 24.0{ 37.6| D10
, X1 7.20| 5.76] 5.00[ 101.5 25.2| 126.2[ 292.4| -166.2 - - -
X3 7.20| 5.76] 5.00[ 101.5 25.2| 126.2[ 292.4| -166.2 - - -
X1 7.20| 5.76] 5.00( 179.4| 39.5| 197.3| 516.7| -319.3 - - -
1|X2 2.80| 2.24] 2.0 69.8 15.3| 36.8 78.1 -41.3 - - -
X3 7.20| 5.76] 5.00[ 179.4| 39.5| 197.3| 516.7| -319.3 - - -
o .8b| 2 270.75 D13
2 1 580.28
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2.8

4.15
0.2
2
1
Y3
Y2
\ /8

7.10 X
6.96 kN

max 9/128 w2
9/128 x
3.479 kN

Y2

Y2

kN/
5.10 ¥
0.20
1.80
7.10

¥

Y2

2.8 8

7.10 X 2.8

155 mm

136 mm

155 N/mm2
6.96 x 1000000
3.479 x 1000000
D13 200 -
D13 200 -
D10 200
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1.0

155 x 135.625 331.0 mm2/
155 x 135.625 165.5 mm2/
635 mm2/
635 mm2/

-



4.15

5.6
0.2 -
A 1.35
KN/
5.00
0.20 o
5.20
4
XL 0.071+0.03 2 , : i
0.101 x 5.20 x 4.15 i
9.05 kN :
x4 *3
yl 0.057+0.013 w 2 ,
0.070 x 5.20 x 4.15 -
6.27 kN e |
d 155 mm
136 mm
155 N/mm?
9.05 x 1000000 155 x 135.625 430.3 mm?/
6.27 x 1000000 155 x 135.625 298.2 mm?/
Y2 D13 200 - 635 w2/
D13 200 - 635 mm?/
D10 200

329



AR R T, MRy T R R, CREE R ol CEAS T (BT ) Rl R D L L TVE,
L, BUR AR T LS (T E) 1, RS —Avhas gL A,
B AR LSS TED) (212, ERFF o — A R L ADT, BAFT AT AN+ 50 WS,

|7 W
-P | FEEE Ty '..".!.:.:.:_".:_".':':':':l -P ]"_:.3.-'."'3""""' T T'_:_".'":.'.'ll""‘
. . El —_ "\H_,..-F"' b
f=|
Ii'“ .;': é i -
5 i é hy 42 hy |k
== =
=
fi | 3 i+
bz = i e S
a) BARA2 VRS b) RARITH EHES

BN LA DR AT T AL AR — A ML, SHEVMILEROE B BOE L THRES,
B LS () 25 IEY oo p LR FERE A

bia=0.8b
AL AT I CELSE T e— A FMIT,
M=Tx (be/2)
I TIEE EADERSOE L TRSHL, 22T,
T=atxf
at: 3 & RAOIERTER O b
fi: ” STV A (E) 295 N/mm2Z (D10~-D16)
L D 345 N/mm2(D19)
A5 ol — A b (kNm)
BEEb HEREDe T E B HERTIR O R
(mm) (rrm) |0 (1] D13 D16 D19
7l 127 149 287
295 295 295 345
a0 440 4.61 8.24 12.92 21.78
&00 640 6.70 11.99 18.79 31.68
1200 960 10.05 17.98 28.18 47.53
1600 1280 13.40 23.98 37.57 03,37
2000 1600 16.76 29.97 46,96 7921
2400 1920 20.11 35.97 56,36 95.05
A7 7O LR
[FEx 200 mm
dhiTHiBRER O L 150 mm
R R ERRE =78 131 mm
Fr et 450 mm CBRED3E KBRS
750 mm CBEDSEF Mml~57
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EARIAL 485 ,f

ng=J0 v [E x3=46

E3+)

~
| || '
| | D
150, . 10,
FEIAS T0Ee A2 Z T0igs
AT OEEZR L E o VB S R #E A
SRR O ES D E 295 N/mm2 (D10~D16)
345 N/mm2 (D19)
FA AR SOV B | o 3ED #5H £ (mm2)
BEED BEmEE BRI OEE
(mm) D10 D13 D16 D19
550 115.2 206.0 322.8 544.5
800 167.5 299.6 469.5 791.9
1200 251.3 449.5 704.3 1187.9
1600 335.0 599.3 939.1 1583.9
2000 418.8 749.1 1173.8 1979.8
2400 502.6 898.9 1408.6 2375.8
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MBSO ER B, iR CRRL Lo IR,

il Pl i A (2] R0

BRDb BN L BT E LA IR OB
(mm) | @EMWE | plo D13 D16 D19
550 [ 18 | 28 [ 45 7.7
500 2.4 4.2 6.6 11.2
12000 oo 35 6.3 9.9 16.7
1600 4.7 8.4 13.2 22.3
2000 5.9 10.6 16.5 27.9
2400 7.1 12.7 19.8 33.5
550 0.9 1.6 2.5 4.3
E00 1.3 2.4 3.7 6.2
1200, 2.0 3.5 5.5 9.4
1600 2.6 4.7 7.4 12.5
2000 3.3 3.9 9.2 15.56
2400 4.0 7.1 11.1 18.7
550 [N 1.0 1.6 2.7
M) 0.8 1.5 2.4 1.0
12000 1.3 2.3 3.5 6.0
woo| °'° 1.7 3.0 47 8.0
2000 2.1 3.8 5.0 9.0
2400 2.5 45 7.1 11.9
550 0.4 0.7 1.1 1.9
00 0.6 1.0 1.6 2.8
12000 o 0.9 1.6 2.5 4.1
1600 1.2 2.1 3.3 5.5
2000 1.5 2.6 4.1 6.9
2400 1.8 3.1 1.9 B.3

i, ERRAF T D LA EESNSRA S
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() CB

— fimite de plagues convergentes
o Himite de plagues divergentes | dorsale
— limite de plagues transformantes
s zone de subduction
=— vitesse par rapport 3 I'Afrique (mmJa)
orogenése
- plague

OCEAN PACIFIQUE

Pachiiqua

6-4-2
CB
()
CB
@400mm 800mm
6-4-1
CB
6-4-1
1/4
1/4
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()

6-4-3

()

CB

CB

CB

6-4-4

CB

CB
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()

(a)
EEAnTER ETE TN
D16 D13 o 127mm?
pioke Q@O 141w
D16 199mm?  ~——
FHETD
; D13%4a 254mm? R
D19 287mm? -
2
6-4-5
(b)
RC
6-4-1 6-4-2 PCa

6-4-1 6-4-2 PCa
SF () PCa ()
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