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10:30 Overview and Features of RCHB Construction in Japan
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11:10 Current Practice of CHB Construction in the Philippines
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11:50 Background of Guideline for Engineered Reinforced Concrete Hollow Block
(RCHB) Construction — based on Experience in Japan -
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"""""" Dr. Yuji Ishiyama A7 [L#fi . (NewsT #FZEFT)
12:40 Question and Answer Session ' Z&ia2r
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14:50 Example Design based on RCHB Guidelines
TR 7Y — Ty ZIETTAR TG A AT ITEDSERET I Engr. Ariel P. Santos
7Y )L -PY L FA(ASEP)

15:40 Panel Discussion 7SR I/LT A AT a0
16:50 Closing Remarks PASRES (7 4V AEGEHINH Hh)
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(DOverview and Features of RCHB Construction in Japan

HAROM IR ) — T oy 7 OB 45 Dr. Tatsuo Narafu fEATFREME (RS 1 114 )

February 22, 203

On-line Workshop in the Philippines and Japan
\

» Background of CHB project by HoBEA:
CHB construction in the Philippines
Japanese experience on CHB construction

» Overview of CHB project by HOBEA (Hokkaido Building
Engineering Association)

» Development of the guideline on RCHB construction
in collaboration with ASEP and HoBEA

» Features of construction based on the proposed
ideline

» Background of CHB project by HoBEA:
CHB construction in the Philippines

» CHB is widely used in the Philippines

Non-structural walls of high rise

Low-rise houses buildings

\

» Most of them are manufactured by small/
backyard manufactures without quality
control

By manual manufacturing machines
without curing procedures

\

CHB construction in the
Philippines are very vulnerable
and often suffered damage from
earthquakes

» Low-rise Detached house (confined
CHB) by Bohol EQ 2013

Heavy damage because of poor ?uality of

block, insufficient compaction of mortar

and improper connection of rebar

\
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Damage in non-structural walls
Municipal government building by Bohol
2013

Poor compaction of filler mortar and
insufficient integration of walls invited
serious damage in non-structural walls

» Background:

Japanese experience on CHB
construction

» Japanese government took a policy to develop
technologies on reinforced concrete block structure and
encourage to construct them as a non-flammable
structure with reasonable cost for reconstruction from

devastation by the World War Il
Governmental rental houses for
low-income people constructed

Modern detached house
in 1985

(no finishing for both
exterior and interior walls

Good performance of RCHB against disasters
Reinforced concrete hollow block houses survived
the strong shaking motion and devastating tsunami
by the Great East Japan EQ and Tsunami, 2011
« In spite that all the houses surrounding were washed

away, all the reinforced concrete hollow block houses
survived the tsunami in Ohfunato City, lwate prefecture

10
Source : MINODA Hiroko. MIFUNE Yasumichi

1
Source : MINODA Hiroko, MIFUNE Yasumichi

» Overview of CHB project by HOBEA (Hokkaido Building
Engineering Association)
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Overview of CHB project by HOBEA

Starting in 2018

Discussion with relevant
organizations in the
Philippines

such as DPWH, NHA, DTI, PCClI,
and ASEP

13

Overview of CHB project by HOBEA

¢ Survey on situation in the Philippines such as CHB
manufactures and construction practice

CHB Non—struqtural
manufacturers walls of high-
of both of rise build.
small and

large scale

Overview of CHB project by HOBEA

Seminars, workshops and conferences to introduce
Japanese CHB technologies

International conference organized

Seminar organized by DPWH in 2018 by ASEP in 2019

Overview of CHB project by HOBEA

Various physical experiments to verify safety of the
construction methods proposed by HoBEA

Diagonal compressive strength Test of 4-tier CHB sample at
Hokkai Gakuen University

\

Overview of CHB project by HOBEA
Courtesy call to Ministry of Land,

Infrastructure, Transport and
Tourism (MLIT), Oct. 23, 2019

17

» Development of the guideline on RCHB construction
in collaboration with ASEP and HoBEA

>

T

T~
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Development of the guideline on RCHB construction

Based on knowledge and understanding during the past years,
ASEP and HoBEA collaborated to develop a draft of RCHB
(Reinforced Concrete Hollow Block) guideline on regular on-
line meetings in 2021 and 2022

Development of the guideline on RCHB construction

In 2022, formalization and authorization of the draft
guideline is discussed by relevant organizations such as
ASEP, DPWH, Building Officials and HoBEA

\ m

» Features of construction based on the proposed
ideline

Features of construction based on the proposed guideline

The Proposed RCHB guideline is bearing wall system and does
not need RC columns, which contribute reduction of
construction cost

Partial grouting (hollows with rebar is grouped) is applied

\ u

Features of construction based on the proposed guideline

More practical construction work with stack bonds with
reinforcing steel bar

Japanese practice of CHB wall construction (video)
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Features of construction based on the proposed guideline

Proposed guideline: Safe with good quality CHB,
good texture with no finishing, cost effective with
less mortar

\ 25

Comparison of cost of two methods

Conventional | ‘ Proposed

Analysis of Comparison of cost

Conventional (A) | Proposed (B) Cor?éo;)'&l)son
874 803

Labor 0.92
Rebar 90 133 1.48
CHB 167 356 2.13
Mortar 557 220 0.39

Reduction of mortar in each part

Reduction
Item Conventional(A) Proposed(B)
(A-B) B/A
fully partially 5
hollow arted 0.075 rted 0.033  0.042  44%
vertical joint 3cm 0.005 lcm 0.002 0.003 40%

horizontal joint 3cm 0.013 lem 0.004  0.009 34%
horizontal rebar 3cm 0.010 lecm 0.005 0.005 50%
plastering 3cm 0.060 lcm 0.020 0.040 33%

total = 0.093 = 0.044  0.059 39%

Let us construct safer and
fine-looking RCHB construction
with less cost

\ E

Appendix

30
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Earthquakes for recent 30 years (1977-2007) Earthquake Research Institute, University of Tokyo)

<Recorded shaking motion at Tagbilaran Observation Station, 40 km

away from the Epicenter>
¢ Maximum acceleration: 214 gal
( MMl intensity scale: VII)

<Modified Mercalli Intensity (USGS)>

¢ MMI 7 : some furniture may fall down

¢ MMI 10 or higher: vulnerable buildings may collapse such as stone

masonry
Descriptive table of Modified Mercalli Intensity (USGS)
PERCEIVED SHAKING | Mot falt Weak Light Moderate Strong | Very strong |  Severe Violent Extrems
POTENTIAL DAAE | nons on e [Very gt | Lignt | wdarate | "0T | heary | very hosvy
PEAK AGC (%@ <01t 017-1.4| 1.4-39 | 89-9.2 9.2-18 18-34 34-66 65 - 124 314
PEAK VEL (om/8) <01 01-11 | 1.1-34 | 84-81 81-16 16-31 31-60 60 - 116 > 16

e TSI -1 v v

Recorded shaking motion by
the Great East Japan EQ 2011

¢ \ery strong shaking motion was
recorded in huge area

¢ The largest recorded one is 2,933 gal
¢ 18 observation stations in 6

Prefectures recorded acceleration
larger than 1,000 gal

B SRR BT IR AT
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@Current Practice of CHB Construction in the Philippines
T4V DA ) — Ty 7iEOFENE (Engr. Juanito D. Cunanan 77 =—h+D+277FF > (ASEP))

Current Practices of CHB Construction in the
Philippines

Febrgary 22, 2023
1xenilifiotel, Quezon City

neers of the Philppines, I

INTRODUCTION

construction industry,
tmberahd masonry
structures were the
most common
building
constructions....

However, due to
hazardous potential of
masonry structures
even for a slight
ground movement,
timber-framed
structures were
popularly built.

INTRODUCTION

the'industry, concrete
STURUCTUres coupled
Withim@sonry blocks
have beceme a more
popular preference in
building construction.

In mid 1990s,
Philippine
construction industry
has become bolder in
building medium- and
high-rise concrete
structures.

| INTRODUCTION

EIRRTRENi sing

GORSIruction industry,
useohprefabricated
plocks @ahd modular
blocks have been
introduced in the
market but people in
general are not keen
on using them (cost?)

Eamiliarization td Masonry Structures

dmasonry

asonry structurel§

—

Eamiliarization td lasonry Structures

f@asonry structuref




Eamiliarization td Masonry] Btructures

Masonry Construction

Eamiliarization td lasonry Structures

Unreinforced Masonry Construction

Eamiliarization td Masonry Structures
Many unreinforcemlding adobe

construction, have wood floors and roofs. Floors and

; -are-often not tied together or, when tied together,
he) e only weakly connected. Due to age, mortar in

these structures may have deteriorated.

L construction quality difficult to control

little research on seismic characteristics

NSCP permits use up to 15 meters high as shear wall; however,
reinforced type.

Eamiliarization td lasonry Structures

Reinforced Masonry Construction

onventional Portal
ame_Canstruction
System

MODULAR CONSTRUCTION SYSTEM
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sModular Construction System EBnstruction S ys tem

F Suppeanig
W ife neek i
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MODULAR CONSTRUGTION SYSTEM




sdackbilt Blocks Specification shackbilt Blocks Specification

oFea/ol-
End Block:

sBoam
Blocks <

MODULAR CONSTRUCTION SYSTEM MODULAR CONSTRUGTION SYSTEM

vailability of CHB in the Philippine§ -2023

«Construction

Price and Strength of CHB — Concrete Hollow
Blocks in the Philippines
STRENGTH SIZE PRICE
ORDINARY
4 12.00
5" 13.00
8" 16.00
450 P5I
4 21.00
5 22.00
o e: 6 24.00

Availability of CHB in the Philippinef - vailability of CHB in the Philippine§ -2023

500 Ps|

1000 Psi
4 25.00
5" 26,00
6" 20.00
8" 36.00

Price and Strength of Concrete Hollow Blocks (CHE) in the Philippines

Conyrigty 2000
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ANT DESIGN ANT DESIGN

ANT DESIGN ANT DESIGN

= Wall Footing Detail

ANT DESIGN ANT DESIGN
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ANT DESIGN §

*CHB Detail

10mme@ HORIZONTAL BARS
PROVICE *2mmé VERTICAL SPACED @ EVERY 3 LAYERS C-E
BARS AT CORNERS WITH CH
MORTAR FLLER (23 M)

10mme VERTICAL
BAZS SPACTD
AS SFOWN WITH
WORTAR FILLER
(1:3 MX) FOR CELLS
WITH VERT, BARS
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(@Damages on Masonry Structures caused by Past Earthquakes
EWEOHEICLIDMAEEHE  Engr. Juanito D. Cunanan 77 =—k+D+2J 7} (ASEP)

Damages on Masonry Structures caused by Past .
Earthquakes (Last Decade) Negros Oriental EQ (M6.9) 2012

e

Juanito D. Cu P, F. PICE
ASEP Immediate,
Chair, NSCP Masonry Committee

Febrwary 22, 2023
xeniltiotel, Quezon City

Negros Oriental EQ (M6.9) 2012 Bohol EQ (M7.2) 2013

Bohol EQ (M7.2) 2013 N Bohol EQ (M7.2) 2013
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Bohol EQ (M7.2) 2013 ‘ Bohol EQ (M7.2) 2013

EQ (M6.7) 2017

Surigad EQ (M6.7) 2017

EQ (M6.7) 2017 4 EQ (M6.7) 2017
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EQ (M6.7) 2017 Leyte EQ (M6.5) 2017

Leyte EQ (M6.5) 2017 Leyte EQ (M6.5) 2017

INADEQUATE
REINFORCEMENTS/ POOR
QUALITY OF MATERIALS/CHB
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‘ Cotabato EQ, O

Engineers of the Philippnes, I

Davao City - Cotabato EQ, October 2019 (SourcevG@ogle-Earth-Proy

‘ Cotabato EQ, O

Cotabato EQ, October 2019

INADEQUATE LATERAL
SUPPORT/ POOR DESIGN/
INADEQUATE SUPPORT

Masbate, M6. orth Luzon 2022
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orth Luzon 2022
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@®Background of Guideline for Engineered Reinforced Concrete Hollow Block (RCHB)
Construction — based on Experience in Japan  Dr. Yuji Ishiyama 4 [LU#6 —. (NewsT #FZEFT)

FERATARITHE5. 31 #k
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(®Guidelines for Engineered RCHB Design and Construction
TV AR ) — Ty 7 IEHT ART A OREEE (Engr. Ronaldo S. Ison 27 /LR S+ (ASEP))

GUI(;IG“HG for Scope of the Guideline
E ngl ﬂ ee red O This guideline shall be used for buildings of

. reinforced concll;ete hollow bl%cITI(R%TB?(
construction, where concrete hollow bloc
Re I n fo rce d CO n C rete (CHB) walls are reinforced with vertical and
horizontal rebars to resist vertical load,

H O | | OW B | O C kS seismic forces, wind pressure, etc.

RONALDO S. ISON, F.ASEP O RCHB buildings shall not exceed three
stories nor 12 meters in height excluding the
basement.

Scope of the Guideline Terminology and Notations

In order to apply this guideline, RCHB construction CHB : Concrete hollow block
should be executed by skilled workers with good quality

materials, appropriate arrangement of rebars and firm grout h 1 Awall that resists horizontal f e f g
ear wall © A wal at resists nhorizontal Torces, e.g. seiIsmic torces an
to all hollows where rebars are placed. wind pressure. It also resists vertical forces in CHB construction.

RC : Reinforced concrete

Structural safety of basement should be confirmed Bearing wall : A wall that resists vertical forces. It also resists horizontal
through structural calculation against loads including soil forces in CHB construction.
and water pressure. Basement walls should be of
waterproofing and are recommended to be of reinforced
concrete (RC) construction. Wall ratio : The sum of horizontal sectional areas of bearing walls,
including hollows but excluding openings, in X or Y direction divided by
the floor area of the story concerned.

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

Terminology and Notations Quality of Materials

Bond beam : A beam that connects the top of bearing walls on the v" Net Compressive Strength of CHB units used for
beari Il line. . .
caring wattime walls shall not be less than 12MPa=1740psi

Elgj(mfs nominal diamefer of rebars. The smaller diameter of rebars at (gross compressive strength 6MPa= 870psi).

psi : pounds per square inch v" Yield strength of rebars shall not be less than
PNS : Philippine National Standards 230MPa=33350psi.

JIS : Japanese Industrial Standards v The design strength of cement mortar to grout

hollows and joints shall not be less than
15MPa=2175psi.
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(®Guidelines for Engineered RCHB Design and Construction

T4V AR ) — Ty I ETART AL OREEE Engr. Ronaldo S. Ison 2 /LR S+ A (ASEP)

Guideline for
Engineered
Reinforced Concrete
Hollow Blocks

RONALDO S. ISON, F.ASEP

Scope of the Guideline

O 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 vertical load,
seismic forces, wind pressure, etc.

0 RCHB buildings shall not exceed three
stories nor 12 meters in height excluding the
basement.

Scope of the Guideline

In order to apply this guideline, RCHB construction
should be executed by skilled workers with good quality
materials, appropriate arrangement of rebars and firm grout
to all hollows where rebars are placed.

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.

Terminology and Notations

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 areas of bearing walls,
including hollows but excluding openings, in X or Y direction divided by
the floor area of the story concerned.

Terminology and Notations

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

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

psi : pounds per square inch
PNS : Philippine National Standards

JIS : Japanese Industrial Standards

485

Quality of Materials

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

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

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




Foundations

v" RC or equivalent continuous foundations shall
be placed to support bearing wall lines of the
ground floor.

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

v~ Design of foundations shall be in accordance
with NSCP Chapters 3 and 4.

Construction of Bearing Walls

v" 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.

v" 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
d,=10mm that are spaced no more than every
0.5m.

Construction of Bearing Walls

v" 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.

v" The height of bearing walls between the top and
bottom supports shall not exceed 3.1m in case
d,=10mm vertical rebars and shall not exceed
3.7m in case d,=12mm vertical rebars.

Construction of Bearing Walls

v" The vertical rebars shall be continuous from the
top to bottom supports and shall not be spliced at
the middle part of walls.

v The ends of vertical rebars shall be 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.

Construction of Bearing Walls

v The anchors can be replaced by post-installed
anchors or rebars of d,=12mm that is embedded
at least 10d,,.

v" The ends of horizontal rebars shall be hooked to
the wvertical rebars or spliced to adjacent
horizontal rebars with no less than 30d, lapping.

Construction of Bearing Walls

v" Hollows where horizontal and vertical rebars are
placed shall be grouted. Rebars shall be covered
by concrete or cement mortar no less than 30mm
in thickness.
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Typical
RCHB

\A /L
vvdll

Layout

Grout, Joint Mortar and
Rebars

Elevation View

Plan View

Isometric View

Grouts at Corners and
Intersection

Plan View

Continuous Foundation

Thickness of Width of | Thickness of | Depth below ground
foundation wall, b | footing, B footing, t level, d
Minimum requirements for foundation (mm)

Note well : Structural engineer shall design the foundation based on the
allowable soil pressures based on geotechnical investigation.

Installation of Bearing Walls

v" Bearing walls shall be installed on bearing wall
lines in the entire building in balance horizontally
and vertically.

v~ 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.

v" The bearing wall lines shall be placed no more
than 7.5m apart in X and Y directions.

487

Installation of Bearing Walls

v" 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.




Installation of Bearing Walls

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

Installation of Bearing Walls

Number | Story number |

— 2.76% 1.46% =
3.20%  1.70%

Table 1: Required wall ratios p, of the story

Installation of Bearing Walls

v" In case the aspect ratio r of the bearing wall
exceeds the critical aspect ratio r, the horizontal
sectional area to calculate the wall ratio shall be
multiplied by the reduction factor f in Table 2.

| Bearingwall stories | 1 | 2 | 3 |

(eii(CIENladclIGEAN 0.5 091 1.1
(Fixed top wall) (2.0)

Reduction factor B

Table 2: Reduction factor li of bearini walls

fy

Thank you for Listening
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Floors and Roof Slabs

v 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.

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




®Example Design based on RCHB Guidelines
Higga 7V —hT vy 7 #EHARTAANTHESL

Structural design of model houses

@ Two-story detached house

@_Two-story townhouse

Tadashi NISHIKAWA
Sapporo City University

Prepared by:

Ariel SANTOS
ASEP President

Presented by:

Bt

(Engr. Ariel P. Santos 77U/ L +P+H% > 2 (ASEP))

@ Two-story detached house

Original plans RC frame structure with nonbearing CHB
(concrete hollow block) walls

Original plans  RC frame structure with nonbearing CHB walls

Original elevations ~ RC frame structure with nonbearing CHB walls

south side west side

north side east side

Original sections RC frame structure with nonbearing CHB walls

A-A" section B-B’ section
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(®Example Design based on RCHB Guidelines
iR 7 — N7 oy ZIEHART AN

Bl
Engr. Ariel P. Santos 7Ux /L P+ A (ASEP)

Structural design of model houses

@ Two-story detached house

@_Two-story townhouse

Tadashi NISHIKAWA
Sapporo City University

Prepared by:

Ariel SANTOS
ASEP President

Presented by:

@ Two-story detached house

Original plans RC frame structure with nonbearing CHB
(concrete hollow block) walls

Original plans  RC frame structure with nonbearing CHB walls

RC frame structure with nonbearing CHB walls

Original elevations

RC frame structure with nonbearing CHB walls

Original sections

south side

north side

west side

east side

A-A" section B-B’ section
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Converted to RCHB (reinforced concrete hollow block) construction

Foundation layout plan 1st floor CHB layout plan 2nd floor CHB layout plan

Bonding patarn

stack bond

CHB thickness t=150mm

running bond

Converted to RCHB construction
X-direction frames

Y1 axis Y2 axis Y3 axis

Y4 ads Y5 axis Y6 axis

Converted to RCHB construction
Y -direction frames

X1 axis

X3 axis

X2 axis

Three dimensional

—— RC slab with built-in
/ bond beam

RC slab with built-in
bond beam 1st floor

1. Structural outline

“ built in bond beams

= builtin bond beams
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2. Wall ratio calculation

2-1 X direction Effective horizontal cross—sectional area of wall

Aspect ratio and
critical aspect ratio
for each bearing wall

(1) Aspact ratlo of structure
stuoture structure | aspect
foor| axis | len reght | ratio
H n
(o) (o)
2 [vi | 4400 000|138
va | 3350 6000|179
va | ea00 6000 09|
v | 2150 o000 279 "
v6 | 400 6000 094
i | ea00 000 09|
v | sas0 6000|179
va | 3350 s000| 179
va | ea00 6000 09| B
v | 2150 6000|279
v | 6400 6000 094
(2)Aapoct rat .
vt | et [Pz pening | opening | opering | aspect [ adopted | crtcal |requeton|,  Efective
floor|is| gt | hicknese) - qocuona | "R | henl | et rodo | vl | aspeet | feter | sectonatarea 2-2 Y direction Effective horizontal cross-sectional area of wall
ares A ) R
o | o | ooty | o | o | o) 122 )
7 [vi] esoo| ieo  ecoooo] zsm| toeo] zavol os2| ise| rw] o7 24000
3 3350| 150| 502,500 5800 5800| 5800 1.73) 1.79) 091 05 255312 €1)Aspeot. ratio of struciure
asso|  1s0|  soesoo  2avo| 2eo0| 2000 oes| 098 1o 1o s02500 5 u I
vs| aam| 1so|  szesoo zavo| zeoo| 2s00] 1aof 279 om| os 105152 o o
vo| oo 150 eooooo| 200 tooof rs0o] osef oo 100| i a00000 T 500 T
oo 150l 120000 rooo| 2s00 1soo| 238 238| 100] ou 50526 ol s B
e 2245134 X3 | 8700 6,000 069]
T e s rzooo0| osoo| ool rem] 200l 200 10| o 50000
800| 150| 120,000 400| 2400| 1.400| 1.75) 1.75) 1.00] 05 68571 1) e 6000 069)
800| 150| 120,000 2400 2800| 25600 325 325 1.00 031} 36.923] X2 | 3150 6000 190]
vo| el iso| izoooo| 2ao 2000 a0l soof soo| 100 os 000 x| 6950 sooo| o8
1550 1so| osasoo| 2000 2s0o| avo iss| t7s| 100 os 129813
vo| swo| 1so| soasoo| aavo| soof za00] osal 17s| 1oo] o 250553
va| 2isol iso| szasoo| 2av0| 2avef 2200 ool woal 10| o ais170
asso| 1so|  soesoo| 2ao0 2eo0| 2500 07| 098 oo 1o s02500
vs| aam| 1so|  szzsoo savo seoo| ssoo| 27| 29| 1o oa 115583
vo| 2200 iso| saoooo| zavo| 2000 2400 oo 0o oo os a02500
soo| 150 1zoooo| zovo| 10oo] 1soo| tes| s 100 os 54000
sool 150l wzoooo| roool za0o] 1ooo| 2asl _zasl 100l _oa s0529
2-3 Wall ratios
(2) Aspeot ratio of bearing wall
vall | wall | "ol gpering | opening | opening | asect | adopted | eriical |reduction |, Efective
foor|avis| tength |tickness| 7% | hight i | height i | height i | ratio | “value | aspect erzental cross Effective horizontal
b t area A (left) (right) | (average) 2 r ratio rc B direc . N required margin
floor |cross-sectional area | floor area | wall ratio ;
{mm) {mm) (mm2) {mm) (mm) (mm) max(r1r2) {eom2) tion Ae wall ratio ratio
P ) T s I s I 2 ) e I EI)
1600 iso 2a0000| raoo| vaoo| ia00| oms| oss| oo 100l 240000 () (i) (%) (%)
1200 isof 000 raoo| aoo| ooo| o7s| a7 oo ool 180000
600 150| 90,000} 400 400) 400 067] 069| 100 1.00 90,000} X 2 2245 5344 420 146 288 oK
xe| siso| iso|  arasoo| zseo| asoo|  2mo| oso| 1so| 10| os3 248063 1 1.966 5344 368 276 133] oK
xs| ool 1so| 1ossoo| zso0| 2s00| 2a00] oso| oss| 10| 109 1042500
o o] v |2 1.865 5344 349 1.46 239| OK
[ 950] 150| 142500 2800 1400 2100 221 221 1.00] 045 64464 1 1.966 5344 368 276 133 OK
1500|150 240000 rao0| vaoo| vaco| oss| oms| 1oo| oo 240000
1200 iso| 1eoooo| 1400 aoo| woo| o7s| o7s| 1oo| 1o 180000
soo| iso| soooo| aso| avo| aoo| os7| oss| too| roo 50000
w2 | oso| " iso| iazsoo| zmeo| taco| aioo| 221 az1| ioo| oas a0
sso| iso|  easoo| oo zmo|  zi00| se2|  sm| oo oz 21507
x| sj00| iso| 105000 zsoo| 2soo| 2m00] os2| oms| 100 1o 1305000
sum 1,965,638
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3. Examination of bending reinforcing bars at the end of bearing walls

A bearing wall with an aspect ratio less than the critical aspect ratio does not lift, so
no pulling force is generated.

For the bearing walls with an aspect ratio exceeding the critical aspect ratio, a lifting
force is generated in the calculation, but consideration of bending reinforcing bars is
omitted for the following reasons.

» For the bearing walls with an aspect ratio exceeding the critical aspect
ratio, the load-bearing strength is reduced

» The following can be expected as the effect of suppressing floating that
is not calculated.
* Effect of orthogonal walls on bearing wall ends
* Bending back effect of slab

(Reference) Non—calculated uplift resistance of bearing walls

In this calculation standard, only the vertical load (axial force of bearing wall) by the target bearing wall is
considered as the uplift resistance element of the bearing wall, but there are elements shown in the
figure below that are not calculated.

Left force applied Right force applied

4. Calculation of slab built=in bond beam and floor beams (2)Member cross-sestion study bukdin s
4-1 In-plane direction Consideration member number | @ @ @
(1)Bond beams and floor beams Memberl type bond beam | floor beam | floor beam
to be examined . Cross girder height (built-in slab) mm 200 200 200
section®  |Girder width (twice the wall thickness) \mm 300 300 300
= span beam span L mm 1600 1850 2325
@ RC slab N/ 4800 4800 4800
Weight per unit area of {floor finish N/ 200 200 200
floor loading weight |N/mi 1800 1800 1800
total N/mi 6800 6800 6800
floor Inner dimension span/2 m 145 3.05 20625
o2d Distributed load of girder (for floor) N/m(width) 4930 10370 70125
Girder own weight (wall thickness) _N/m(w\d\h) 720‘ 0 0
2nd floor CB spandrel wall N/m(width) 1800 0 0
Distributed load of girder w vN/m(w\dLh) 7450‘ 10370 7013
Slab built-in (ditto) KN/mwidth) 15 104 70
bond beam
4-2 Calculation of out-of-plane direction
Consideration merber number @ ® Onmitted as both the 2nd and R floors
Memberl type bond beam _|_floor beam __floor beam have RC slabs.
opport condiions both ends | both ends | Y4 fix
fixed fixed | Y6 support
bending end (Ieft) kN-m 159 296 474
TNt Center KN 079 148 267
end (right) kN*m 159 296 000
Long-term allowable stress of rebar ft N/mm2 1533 1533 1533
effective height d mm 1500 1500 1500
Amount of _|(tance between stress certers | mm 1313 1313 1313
rebar end (left) mm2 790 1470 2354
reinforcing end (ight) | mm2 790 1470 09|
bers end (left) 2012 2-012 3012
main rebar center 22012, 2-012]  2-012
end (right) 2012, 2-012] _ 2-012
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. X% .
5. Calculation of slabs Trget siab Viva (Reference) Aaverage shear stress of bearing wall
crort sde L - 290
-
long side Ly m 593 story shear coefficient Co 02
oad Weight per unit area of floor w. N/mi 6800
e i sao Buiding weight/seismio force | Horzontaloross | ooy hoar tress
|short side end Mx1 kN-m 451 T L
bensng conter M2 iem 500 Weightor WOMt i | horizontal | (RO
moment  iong sid d Myt e 238 drection stoty |1 reet | supported g Oross” | eross— T2 ratio to
lon side ond My! " ot | bytarget | " | sectional | T pi/pe | COmPressiv
conter W2 iom 159 oo foor o e strength
siab thickness t mm 200 ZwWi A Ao
thickness. |affective thickness o508 K _|mm 160 (kN) (kN) (kN) (mm2) | (m2) | (N/mm2) | (N/mm2)
:hﬂe:"“ long side dy _|mm 150 X 2 562.7 562.7 112.5| 3030000 2082723 0.04 005 1/ 222
dstance between short side jx _mm 40 1 6315 11942 2388 2032500 1966129 008 042 1/ 99
ctress contors o T
geide v Y 2 5627 5627 1125| 2167500 1865027 005 006] 1/ 199
Long-torm allowable stress of rebar /2 153
1 6315 11942 2388| 2182500 1965536 o1 012 1/ 99
ahort side end 2 210
fmountof corter 2 140 The average shear stress is about 1/100 of the compressive strength of CB alone, and it has a large margin.
Irequired at |1ong side end mm2 118 Architectural Institute of Japan _Reinforced concrete bloc
center mm2 ) Block Short-term permissible shear stress
short side end @ 10@200 type (N/mm2)
Piacamant corter ©10@200 A 021
|of rebar long side end ©10@300 B 026
center D10@300 c 030
(Reference) Lintel beam
litel beam
opening

Original plans  RC frame structure with nonbearing CHB walls

.

Original plans

RC frame structure with nonbearing CHB walls
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Original elevations RC frame structure with nonbearing CHB walls

south side west side

north side east side

Original sections ~ RC frame structure with nonbearing CHB walls

A-A’ section B-B’ section

Converted to RCHB construction

Foundation layout diagram 2nd floor concrete block layout diagram

1t floor concrete block layout diagram Roof layout diagram

X-direction frames

Y2 axis Y4 axis

Y3 axis Y5 _axis

Y-direction frames

X1-X7 axis X2-X4-X6 axis X3-X5 axis

1.Structural outline

= built-in bond beam
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wat [ rrzonat e
2. Wall . lculati foor| x| tongtn |7¢% | _<ro%= | o | noiht i o | “viue | oot |wfactor| erose
. Wall ratio calculation Sl e P B oot i P
o | o | oot | om0 | o | om s 2) o)
S| s w esoo] o e sow| am|  an] voo| oml  wres
- . . . vaon| vso] vsoom| raool tooo] tioo] osel os2| roo] roo| s00m
2-1 X direction Effective horizontal cross—sectional area of wall viso| 1so| vrasoo| tooo| 1| rioo| ose| ose| 10| 60|  172soo
vaon| 10| sooma| raool ooo] tioo] ose| 0%2| soo] 100| ss00m]
Jaon| o] “tsoomn| roo] 200] vioo] ose| o] roo] too] 00
(1) Aapect ratio of structure sso| 1so| 1ezsool 1200 200 zooo| 2| zn| 1o oas o
vo | usm| o] sonsm| a0l vzoo| om| 1as| 1zl ioo| ors| ranuea
structur structure| aspect 2o 1so| wiasoo| 1aoo| raoo] vew| om| o] voo| roo] ases
floor | axis | e length hight ratio 2850) 150|  442.500] 1200 12000 1200( o041} o4s)| 100 100f 442500
B H r 1550] 150|  232500] 1200 2800  2000] 129 129 100 o7 180,183|
sy 200930
(mm) (mm) [HE2 600| 150 90.000] 2.200] 12000 1700] 283 283 100 0] 31765
2 | vz | 12600 5.150] 049 vaso| 1so| zuasoo] vaoo| 2a00] rooo| _ras| _1as| voo| os| isogu
coo] 150|  soooo 2200 1ol wao| 2| zsa] w00 oas|  avrm
Y4 12,600 6.150 049 2.150) 150| a22500] 1.200| 1200( 1200( ol 06| 100 100f 322500
1 Y2 12,600 6,150 049 00| 150|  s0000| 1200 22000 1700|283 283 100 o33 31765 |
va| | ol orsw| aeco| ool asen| sl el oo on| riem
va 12600 2850 023 1.350] 150|  202500] 2600|2600  2600] 193] 193] 100 o3z 105144
Y4 | 12600| 2950|023 1ssof 1so| zo2so0f zs0o eoo] zsool vss| rss| voo osal iosud
wso| 10| wsoo] 2a0] aooo] zoo] 70| s3] voo| our| vvess
Y5 12,600 6150 049) va | 150l 150[ 172500 2800] 2200[ 2500 217 217| 100 oas 79.350|
2iso| 1so| smasoo| aaee| 20| 20 roel voe| vae| oss| asimg
visa| 50| vason| oaoo| emo] asoo] err| 2| voo] oss| o)
Vo | s wso| vsvasm| ascol am| vsen| vss| uml ioo] oss| ]
ors| 10| raaso] om0 sool wsoo| tsa] 1o voo oss| 7o
ol vso] “season| ool aao] o] ozl oms| roo] roo| zsacm
o wieaaan
(2) Aspect ratlo of bearing wall
2-2 Y direction Effective horizontal cross—sectional area of wall foor | avis | length | ticknes | cross= || "EERTE | ENTE Fneignt i | SPRESE | 2OREC | SR | acter o
b | e | et | T | g | e | T2 ratiare | B |sectionslarea
(1) Aspact ratlo of structurs Ae
pr— raotre] asect o) | oo | o) | o) | o) | o) mas(r.12) (m2)
foor | axis [ length hight | ratio 2 | x1|__soo] 150 1o0000]  2800]  t200| 2000 250 _ z50] 100 oo 48000
L] H L] 2400 150( 360,000} 1,200} 1,200} 1,200 050 096 1.00] 1.00} 360,000
(mm) () 800| 150|  120,000| 1200 2800( 2000|250 250) 100|040 48,000|
2 | x 6400 6.150 0.96| X3 8,800 150{ 1,320,000} 2,800 2,800 2,800 032 0.70| 1.00] 1.00} 1,320,000
X3 8800 6,150 0.70] X5 8800 150| 1.320000 2800} 2,800} 2800 032 0.70] 1.00] 1.00] 1,320,000}
X5 | 8800) 6150 010 x1 | soo| 50| 120000 2800|1200 2000 250 250 100 ool 48000
x1 | 6400] 6150 09 2400 150 0000 1200] 1200 1200 0so|  oss| 10| 100 360000)
[ x1 | sa00) 6150 099 aoo| 15| 120000] 1200 2800 2000 250|250  too| o4 48000
x2 1350 2,950 2.19] sum 3,552,000
X3 | 8800] 6150 070 1 [ x| s200] 150 ssoo00| 2s00] 1200 2000 o0s3| oss| 1o 100 480000)
x4 | 13%0] 2950| 219 2000 10| o000 1200 2800 2000 00|  1oo| 100|100 300000)
X5 | _8800] 6150 070 x2 | 1sso| iso| 202500 2800]  2so| zso0| 207 z1s| ioo| s 92669
X6 | 13%0] 2050] 219 xa | ssoo|  150| 1320000 2800 2800 2s00] 0se|  o70|  1oo| too| 1320000
x| 69%0] 6150 o088 x| 1aso| 10| 202500 2800] 2800 200 207 219|100 oas| 92669
x5 | ssoo| 50| 1320000 2000 2800 2800 0s2| o70| oo too| 120000
xo | 1sso| 10| 202500 2800|2800 zs00| 207 zis| ioo| g 92069
x1 | 3200 10| asoooo| 2800|1200 2000 oss|  ose| 100 100 480000)
2000 150 o000 1200 2800 2000 00| too| 100|100 300000)
sum 4,478,008 |
4. Calculation of slab built=in bond beam and floor beams
2-3 Wall ratios
4-1 In—plane direction
Effective
drec| o | horizontal ross= | oo atio | reauired | marein (1)Bond beams and floor beams
tion sectional area wall ratio | ratio to be examined
Ae
3
() o | o | o =
¥ |2 2093 77.81 269 1.46 184| oK
1 2164 7781 278 276 101] OK
v |2 3552 77.81 456 1.46 313| 0K
1 4478 77.81 575 276 209| 0K 2
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slab thickness + height of 1 block
\ Consideration member number [0) @
(2) Member cross-section study [Memberl type bondbeam | floor beam | floor beam
Gonsideration member number @ e | both ends | both ends | X1 suport
support conditions e ) i
Memberl type bond beam \_floor beam_| floor beam | e ixe ix
girder height (built-in slab) mm 150) 350 350 bending |end (left) kNem 087 k2 000
Cross moment
section* | Girder width (twice the wall thickness) |mm 300 300 300 center kN-m 043 363 298
sen beam span L mm 1200 2800 1925 end (right) kNem 087 121 530
RC slab N/ni 4800 4800 4800 Long-term allowable stress of rebar ft N/mm2 153 153 153
Weight per unit area of ifloor finish N/ 200 200 200 effective height d mm 100! 300 300
f -
oor loading weight N/ 1800 1800 1800 mount of |35t2NCe between stress centers | mm 88 263 263
§ . S e s e M T
total _N/nd 6800 6600 6600 rebar end(ef)  mm2 65 180 0
ond floor Inner dimension span/2 m 144 2.90 053 required/ |required rebar cross— N H 2 2 90 7
oa center mn
Distributed load of girder (for floor) N/miwidth) 4888, 9860 1785 Number of |sectional area at
reinforcing end (ight) 2 65 180 132
Girder own weight (wall thickness) N/miwidth) 540 1260 1260 bars
2nd floor CB spandrel wall N/miwidth) 1800 0 8400 ond (eft) zom yorz 2012
Distributed load of girder w N/mi(width) 7228 11120 11445 main rebar center 2012 2-012;  2-012
(ditto) i KN/miwidth) 72 1" 114 end (right) 2012 30120 2-012
4-2 Out-of-plane calculation
Calculation of top beams
Weight per unit volume of CB 20 kN/m3
Horizontal seismic intensity K=1.0 Horizontal seismic intensity K 10
3
@ beam @ beam Part number to consider @ ©)]
Member type bond beam | _bond beam | bond beam
B bond beam hight D mm 200 200 200
ross
end section.” |bond beam vidth B mm 300 400 550
. ® spen bond beam span_ L mm 4150 6250 6250
: load CB wall on the second floor (h=1.4m) N/m(width) 420 420 420
dead weight of bond beam N/m(width) 144, 192 264
fire stop wall (aveh=08m) N/m(width) 000 000 240
et Horizontal braces transmit seismic
center oot wete! forces to load-bearing walls
total N/m(width) 5.64; 6.12 9.24
seismic force N/m(width) 564 6.12 9.24
Top beam section
Part number to consider [0} @ ®
Member type bond beam bond beam | bond beam
support | Same as subbeams in  end (left) 06C 06C; 06C|
RC calculation remarka
conditions | 1 rde center Mo-065C|  Mo-035C| Mo-0.35C
end (right) 12C 06C 06C|
c 8.09 19.92 3008
Mo 1214 29.88 45.12
bending moment end (left) kN-m 486 11.95 18.05
conter KN-m 688 9291 2450 outer span and inner span single span
end(right)  kN*m 971 1195 1805 Gross-sectional area of rebar three main rebars of bond beam|
[Amount of |short-torm allowable stross of rebar ft_[N/mn2 230, 230, 230 [ %10 | 785 mm2 |
reauired  effective width b mm 250, 350 500, | 912 | 1131 mm2 | 50
stress center—to-center distance j __|mm 219, 306, 438 JEI 50
Amount of rebar required end (left) mm2 965 169.7 179.3.
center mm2 1368 3253 3438 'y
end (right) mm2 193.1 169.7 179.3
Placement |main rebar end (left) 2-¢12 2-¢12]  2-¢12|
of rebar center 2412 g1z 3412
end (right) 2-¢12 2-¢12 2-¢12|
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5. Slab calculation

(2) rebar

[Targot siab.

1

XX
Dyo-vs

X
Dva-vs

[support conditons

2 sides fxed | 4 sides fixed

o [eeo - 23 508
(@ : One-way slab in short direction fons sice Ly = — 400
loaspor i o W T
(1) Target slab @) :4 side fixed slab load e Fye - s
snorsse i em r Yy
oning certor w2 210 200
moment  iong side jend Myl kN-m - 2.0
conter M2 e - 150
S — - 9 0
@ isnons [oectcs tikasss |snar e 65 oen 9 o
Jeteoio ongside &y o o9 0
[thickness | e conter-tor short side jx_mm 96| 9
comar Gotanss | langaige o o w
P ————y Wz 59 9
) o side v ey Y 0
- |Amount of |center |mm2./ miwidth) 143 180,
SR e e o
coter it oo | = [
o sse et r0am0] or0az0
S 100200 0100200
[of rebar iong side lend D10@300) P 10@300]
100300 o10m3m0
[ re—
o10
o1z
6. Calculation of fire prevention wall against out—of-plane force (2)rebar caleulation
Wit por it volume of 08 0w
Horzontal sismi ntenity K 0
(1) Target part [target part center __midde part | both ends
e bottom | e bottam | xbotam
usort aondiions ot | fxbottom | ot
o [t vt © = 50 W
o 3 of blocks 8 6] 4
acsing heignt. oo oo e e
lowa[Weintperurtare ol Wl 300 00 3o
|seismic force N/ 3.00 3,00, 3,00
[bending moment lower end KN-m 1536, 864 384
[P oo - e W m
chrsss [soeee enter-to-eunter asiance 5~ ] w o
eror-torm alowsle stress of rbar /2 20 E
recuired robar ross-sectons ares 4 e/ i) o8 EA
B12@400_$12@400] 612@400
iven sacking e o mors
Layors.th bending copciy
< e with
Fentorcns s stone. 8y
—— Caniwiching botmeer
crremm i ste rosses,
rocontl rsces wanomit
e fresto aorng
e te drection of
X3+X5 axis seismic force.
Calculate the roof brace for transmitting the out-of-plane force of the fire prevention wall. Caloulation result
ks sboveth 5t o by horzntl s o he ot weight oftarget part 12
e of ks i target at 0 Horizontal sefsmic ntensity K )
‘area of the target part. 24 m seismic force 72 kN
ot f st st 2m
—— roof brace 12 brace angle 336 deg
:l / Brace cross-sectional area 612
/ foativearemofbrace seln
7 short-term llowsbl stress of brace 230 N/mm2
brace strenitn 195 kN
component of load drection 108 kN
cifctive number of braces 4
ontop wll Brace load carrying capacity 432 kN > 72 kN _OK
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(2) BRIGE. RN T A AH Y ar ORE
O FERERILE

BT IVEEREDFEY DR N DL T N,

AR A RN RIS E ORI, AR EARRIC T Ve A FEYE (NSCP National
Structural Code of the Philippines) {255, AARTIX, 28MA AT DT oy 7Tl £EFEHX
AT DTy 7\ D EBEER DT TND,

VA= —ORGHBE DR FHOATT J:LT;V*?‘%L EANAN

HMBE:CHBIZZEAN LN DT, DN DZWERTIE, MEITIST, B, EL204 B
IREZATHOTENEEL (OB EHE[FIRR) o, HE7RE ’C“Eﬁﬁ*?ﬁ’@%?@i%ﬁ‘m b HED—D,

« BEDIK AR AT 1 DR  BED B AW JIIZIZ TR 72 R D 82 D CTREM7ZR R I A EE
Thd, ZOFEMREL, (R—APREL 0.2 ITHL) FFRISNEFREZIToT0DO T, (IRE
KA ) ETITIR) BPEFREE T3E DRI, IS NEFIRETL. 5SEORBNHY, BEELT
(TKISE DRI DD (BRA T SIFFO =2 PRI 1.0 £725),

TEFEEATHT Ny N— IO TIEEIEHT AN PSS, — A —F —I%, K= Abo
TIEZIRIT DR,

—CHB I3 RIE/RT AN L2 Th, ENVEDHI T, R AR EL UL TITbNLT
LEPREL THHI LN LEL,

BRI DENV SV DY IEDORESR . —EFRIELE T D720, Feill7e 7 oy 7 DB,

Ty IFEERRE DB N — = T RRETEN | B RDOA— T — i TEEH ORERIZL
X 1AREDON —=0 7 T REG TEHEDIL,

@ IFIVT AT ar D FEEIRGE

SRR OBE DR E U2 F BT O TSI EN R CX IR AT &21TH, N3
A a5 R UE K (i = (NBCDO  DPWH  National Building Code Development
Office/Department of Public Works and Highways) D¥giE G B, £7- BARHDOEOF =7
AMBBDHEIN (RITARTA L, 74V AL HED B E DB AL TD),

Ty DK CHB OB IZOWTARIARTANZEEH, WRESL (DTI Department of
Trade and Industry) KVI@HI23 Y, 2023 4 6 AT, ET Sz 74V L PE B (PNS
Phlhppme National Standard) 235& il ELE L7220, —E DR TR IXETOA—I— 0N
BB EAELRITRB72<720  RITARTA NI DR EATOERE N Z N HIFF S LD,

DT NE— A (ESE, BRSO (R 7 oy 72l T EICAIR A A Bl E 528
ZEGE,

- Wi fEE : CHB O— &y M52 &I KV ATaE, H AR THEGIZ R C&7, HARTA DFHEF
ELZHUTHISL TS,

- DA S Y < 1 AT R,

*CHB (Z XA Bt : DARTIE A AR CRFEASI TN, BRI C&720, 5% OGS,
BRSO AT ARTA NI DBEX—HFRIE ST 3R TET, BARTITERE
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D RM 1 (Reinforced Masonry) 1% 5 PSR TETHFR. 7T AV TIIEBLHER, 74V 4#
WERIETT AV DREFRH L THDO T, BUTEETHEEDR FTREL /2> TV,
cKRITARTGA L DIER DT 0y =7 ML, RSO IR ELZT2BUTORME 7 =
V7 W TAEY DT vy /G e LRRbOETHIEN T AR,
S BRDFREE ARTARTA NI IAEHIE T, TDH% B EDRAREAANEE L T |
T, 74V EEINE N OMBIEERE B EREZ B 20FH LTI, TO%, A
EEE IR BB B O R E 2ATO T IE,

FoIA» ETORE TAVEREEBINE 2 2RO RE

TV B TONRNVT ATy arORIL 74V RGO (IRIEEE)

(W EEEE)
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