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Supporting Manuals and Guidelines

With HoBEA, ASEP aims to develop guidelines
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4.12 HANWEHFEOBERZHBEST LB EE

(D Background, Objective and Outline of the Project to Support to Create Technical Guideline on Reinforced
Concrete Hollow Block Structure in the Philippines (F5FE7¥£:2 . MaFTFHEME)

Background, Objective and Outline of the Project to
Support to Create Technical Guideline on Reinforced
Concrete Hollow Block Structure in the Philippines

Hokkaido Building Engineering Associ

Supported and financed by
Ministry of Land, Infrastructure, Transport and
Tourism (MLIT) of Japan

(1) Background

# Concrete Hollow Blocks (CHB)have been widely used in the Philippines
for row-rise single-family houses and non-structural walls.
- Compared with CHB in Japan, their quality is very low.
- Approx. 70~80% of them are made by small scale manufacturers under little
quality control.
- Often damaged by natural disasters such as earthquakes and typhoons.

Small scale manufacturers are
Called "Back-yard manufacturer”

locks
- insufficient compaction
and hollows
- improper connection of rebar

——

of mortal in bonds

Background

@ Japan developed concrete block structure as an affordable fire
resistant structure.
-They are widely used for low rise houses (including governmental rental
houses for low income groups.
-They have showed good performance against earthquakes and tsunami.

Ofunato City was severely hit by the Great East Japan

Earthquake and Tsunami on March 11, 2011.

(2) Objective

@ Objectives of the project is;

-to introduce the concrete block technologies of Japan
to engineers, architects, governmental officials,
industries and other relevant people in the Philippines

-to have meetings to discuss on the possible future
collaboration between the Philippines and Japan

-to enhance the safety of concrete block structures

& and components in the Philippines /
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(3) Outline of acti

Fiscal Year 2018 (November 2018 ~March 2019)

Major Activity:
- January 24 and 25, 2019 : Seminar and technical meeting with DPWH
on Safe Concrete Block Structure
Venue: DPWH Central Office 5t floor Multi-Purpose Hall
Participants: Philippine side: Members of DPWH
Other relevant organizations such as
NHA, PHIVOLKS, ASEP and the
World Bank
Japan side: Members of HOBEA,
Representatives of concrete block

industry in Japan,
Relevant engineers and researchers

- /




Seminar in the Philippines

Fiscal Year 2019 (June 2019~March 2020)

Major Activities (D:

-October 17 to 26, 2019: Invitation of 11 key persons in the Philippines to
Japan ( Okinawa, Hokkaido and Tokyo)to deepen understanding on Japanese
technologies and to discuss on future collaboration for improvement of
CHB in the Philippines.

In Okinawa October 18

Fiscal Year 2019

Major Activities @):
-November 15 to 23, 2019: Seminars in the Philippines to introduce
Japanese technologies and discuss with DPWH, NHA, ASEP etc.

November 16, at ASEP’s seminar "SHAKE"

Presentation by MLIT, Japan Approx. 300people participated.

Fiscal Year 2019

Major Activities @):

-Visiting a Japanese block manufacturer in the Philippines. They make
houses with their own CHB. (below)

-Visiting one of the top CHB manufacturers in the Philippines. They
manufacture CHB under better quality control. (see next page)

Japanese Block Machine Model house
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Fiscal Year 2020 (October 2020~March 2021)

Major Activities :
-February 10, 2021: Discussion with HOBEA and one of the Japanese house

makers in the Philippines. Subject is more comfortable CB house in the
humid and warm environment such as the Philippines.

One of the model design by a Japanese architect :

for Low-rise residents, considered Solar radiation, Rain and wind, Ventilation and
Comfortable environment.

Fiscal Year 2021 (August 2021 ~ March 2022)

Major Activities D :
-November 22~26, 2021: Visiting Okinawa to deepen understanding and
discuss on the Okinawa style houses, where the climate is similar to the

Philippines. The rest of the members joined the meetings and observations
via a Tv conference.

Meeting with CHB manufacturer Their construction site of RCHB

Fiscal Year 2021

Major Activities @):

-Experimental survey to verify safety of proposed RCHB guideline by
diagonal and prism compressive strength test and other relevant test of
CHB unit or structure.

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

Fiscal Year 2021

Major Activities @ :

ASEP & HOBEA made a draft of the Technical Guideline on RCHB to be
applied in the Philippines through monthly on-line meetings.

Fiscal Year 2022

Major Activities 1:

ASEP & HoBEA jointly review the draft of the Technical Guideline on
RCHB through monthly on-line meetings.

On-line discussion on technical issues
in provisions of the RCHB guideline
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Fiscal Year 2022

Major Activities 2:

ASEP & HoBEA discuss formalization of the draft guideline and possible
ways to obtain Building Permits for buildings designed on the guideline with
officials in offices of Building Official in municipal governments

Discussion with officials of Building
Regulatory Offices of Quezon City



Fiscal Year 2022

Major Activities 3:

The technical visit of the leading persons from the Philippines to Japan to
confirm significance of the RCHB guideline and promote to apply it in
practice in the Philippines

Drawings on design and detailings of
RCHB based on the guideline

HoBEA expects
fruitful technical visit and
progress for safer CHB in
the Philippines

Thank you for your
attention
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@) General view of Japanese block architecture CKEEF=)

eneral view

Japanese block architec

1. Transition of block architecture
2. Building concrete block
~Transition and direction of standards (JIS)

Table of contents
1. Transition of Block Architecture
1.1 History of prosperity

I)Gh_anges in the early days of block
architecture

2) Standardization and design
standards for block construction
after the war=The Age of Legislation
3) Development of block masonry
and skilled worker system

1.2 From the peak to the downtrend
1.3 New developments
1) Examples of initiatives in
Hokkaido
(@DGombination of CHB construction
and external insulation method
@ Floor height filling method for
filling mortar

2) Examples of efforts in the Tokyo metropolitan
area
@ Housing Production Rationalization
Promotion Plan in Gunma Prefecture
@ “Reinforced concrete block
construction” (abbreviation: RCB)
3)National praject on block architecture

2. Building concrete block

~Transition and direction of standards (JIS)
2.1 Changes in standards (JIS)

1) Background of enactment

2) Enactment:standard

3) Changes and Regulations

2.2 Direction of revision

1. Transition of Block Architecture
1.1 History of prosperity
1) Changes in the early days of block architecture
Around 1910, block construction using foreign construction technology began.

1914 Yamate Club
(former Onoda Cement)

1915 ljyokaku (Sonbun Memorial Hall)
Timber frame block construction

The “Chinblock” devised by “Nakamura Mamord”left 119
achievements . Buildings around 90 years old still remain in
various places.

Four—story building built
before the war
(Hakodate Gity)

Town block shape
and wall structure
drawing

1924 Motono House
(Kyoto City)
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In 1919, the Urban Building
Law was enacted.

Against the backdrop of
the Great Kanto
Earthquake of 1923, many
block construction
methods were devised
before and after the war.

Seen around 1950Numerous
examples of CB structural

methods

Post-war period of block construction,design standards, and

legislation

Chronology related to concrete block construction

Year Division

1919 Wrban building lew

(before the war)

1951 Public housing law

1952 Fire-Resistant Building Promotion Law

1952 |apanese Industrial Standards (JIS A 5406)

Concrate hallow block

1952 |ALU, Standard for Design

Special concrete design standard
i B struoture, eto.)

|ALJ, Architsctural Standard Specification
1956 |(JASS 7 Mesory Work)

[Concrste block and brick work

1959 Bullding Standard Law/ Order

Inforced concrets block

1963  [Training Law

Block construction occupation according to the Vocational

kil led worker

1981 ticle 38 certification of the Building Standards Act

inforced concrets block

1989 ticle 39 certification of the Bullding Standarde Act

Fornwork block construction method for wooden
ee_foundat lon

2003 [Transport and Tourism (No. 463)

Notification of the Ministry of Land, I[nfrastructure,

Reinforced masonry bui ldings (RM)




[Rapid expansion of block construction after the war)

In 1951, according to the Public Housing Law, CHB construction rapidly
expanded throughout the country as a noncombustible building material for
local production for local consumption.

The CHB construction was adopted for quasi-fire-resistant housing complexes,
public housing, and railway facilities.

1950 Gunma Prefectural Housing
(A block made from coal waste is used as a curtain wall)

1949 Sapporo Municipal Housing (4 buildings)
(Each building has a different structure, including the
reinforced CHB structure)

In 1952, the Fire-Resistant
Building Promotion Law was
enacted to conserve wood
resources.

In areas where high-quality
volcanic ash can be easily
obtained, lightweight CHB using
this as the main raw material has
attracted attention.

1970s Municipal Housing (Eniwa City) (Block
construction with lightweight CHB)

1951

Block construction
in agricultural silo
(Hokkaido)

Hokkaido's unique initiatives

* Due to the establishment of Hokkaido's own laws and
ordinances, It became the driving force behind the rapid
expansion of block architecture.

@ The Hokkaido government established quality assurance
ordinance standards that are stricter than JIS, and carried
out CHB inspections by public institutions.

@At the same time, the Hokkaido Prefectural Block
building Guidance Center was newly established to
vigorously promote technical guidance and research and
development. 1951
Church block building
(Chitose city)

@The Hokkaido Government has established The Hokkaido

Cold regions Housing Construction Promotion Law (Kanjyu

Law), which stipulates that housing using public funds

should have a simple fire-resistant structure (applied for

block construction) or higher.

3) Development of block masonry workers and Technician system

[Transition]

Since the 1950s, as demand for CHBs has expanded, there has been an urgent need to train and increase
the number of skilled workers.

In 1958, the Vocational Training Law was enacted.

In 1963, a block construction job category was newly established (skilled workers 1st and 2nd grades).
By 2007, about 17,000 people had passed the certification. In 2007 he was added to the 3rd class.

[Division of roles]

*Skills tests are conducted based on the implementation plan established by the government.
*The Japan Vocational Ability D 1 prepares test i

+Each prefecture conducts the test.

[status of skilled worker]  All's Standard Specifications for Building Construction (Masonry
Construction Edition) clearly states that block construction work must be carried out by a certified
ician or with or higher skills.
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Example of reinforced CHB construction in Hokkaido

Government financed housing
with quasi-fire-resistant structure
(Triangular roof type reinforced CHB structure)

1980 Nursery School
(Eniwa City)
Reinforced CHB structure

[Building Block Technician Test]

*Department of test

1. building structure, 2. Construction method, 3. materials,

4. Drafting, 5. Related laws and regulations, 6. Health and safety

Contents

‘Practical exam
Outline of the
practical
examination for
block construction
technicians

grade

Load-bearing wall joints and openings of reinforced CHB buildings (including

rebar processing).  Also, the lintel formwork for the opening (including
rebar assembly) is manufactured.
Block work (including rebar processing) for the corner cut of the CHB fence.

“ Block construction (including rebar processing) for the CHB fence.

3rd grade practical test



1.2 From the peak to the downtrend

With  the exception of 10,000 ten million
Okinawa Prefecture, the
number of reinforced CHB CHB new construction floor space

construction starts has

peaked around 1970 and has

been declining sharply.

Various countermeasures

have been tried in various

places through public-private

partnerships, but they have

not been able to overcome AD
the sluggish state.

shipment of CHB

Main reasons for the decrease in CHB construction

[Changes in Hokkaido] 11969

« Competing building materials such as ALC 10 thousand
plates became popular.

High cost of CHB construction and long
construction period.

shipment of CHB,

Problems as a building, such as dew
condensation and water leakage in the CHB
wall, have planted a negative image of block
architecture.

In Hokkaido, with the 1969 revision of the

Kanjyu Law, the government housing finance

company opened the way for wooden

fireproof housing, and the demand for

housing changed to wooden construction. Transition of CHB in Hokkaido

U Number of CHB factories

1.4 New development

While the number of domestic block
building constructions is on the decline
due to various factors, there are some
cases where new efforts have been
continued with hope.

These developments are the result of
the steady efforts of many ambitious
researchers and stakeholders, and we

will introduce some of them.

Example of reinforced CHB house with external insulation method
(Double wall construction method - Hokkaido)

Housing (Sapporo City) Housing (Kitahiroshima City)
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1) Examples of efforts in Hokkaido

(D Combination of CHB construction and external insulation method

¢ In 1978, an industry-academia-government block construction council was
established.

* The combination of CHB construction and external insulation construction
method was advocated as the momentum for resource and energy
conservation increased after the first oil crisis (1973).

=In 1981, a model house made of blocks
using the external insulation method was
exhibited.
(Features]
*Prevents external wall leakage and
structural deterioration
*Comfortable indoor environment that
utilizes heat capacity
*Planned ventilation with high airtightness eliminates condensation

@) Floor height filling method of filling mortar for CHB
construction

{Method)

Block masonry with joint mortar
Fluidize factory—manufactured mortar on-site

Filling the floor height with a pump car

(Features)

*Dense filling with no gaps or joints

Labor saving and rationalization on site Floor height filling situation of
- Stable securing of required strength of block walls filling mortar



2) Examples of efforts in the Tokyo metropolitan area
(DHousing production rationalization promotion plan in Gunma
Prefecture
+ Three-year plan from 1980 to research and develop low-cost, high-quality housing
« A two-story formwork CB structure model house called “House 30" was also built.

« Construction costs are about 10% higher than wooden structures, but they are superior
in terms of fire resistance, sound insulation, and durability.

Completed in 1987 Gunma Block Kaikan
Reinforced CHB construction 3 stories

"House 30" model house
Formwork block construction

(@ “Reinforced concrete block construction” (RCB construction)
1981 Article 38 of the Building Standards Act certified

=1 aimed for a 5-story building, but the rating was
limited to the 3rd floor

=The RCB development group limits the scope of the
license=The track record is small, and the RCB
structure of the notification is superior

House designed by Kazumasa
Yamashita Architect & Associates

Gunma Prefectural
Apartment

3) National project on block construction (RM construction)

* From 1984, Japan-US joint
research was conducted for five
years. This study is based on a full-
scale seismic test on reinforced
masonry.

* The result was standardized by the
Ministry of Land, Infrastructure,
Transport and Tourism notification
in 2003, and was positioned as a
structural form called "Reinforced
Concrete Masonry (RM)".

¢ This structure is capable of 5
storeys

2. Building concrete block

~Transition and direction of standards (JIS)~
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Example of Reinforced Concrete Masonry (RM)

RME

Theater architecture built by RM

(Toyonaka City Cultural Arts Center) House built by RM(Osaka City)

2. 1 Transition of standards (JIS)

1) Background of enactment
» War damage reconstruction materials immediately after World War 11

» Imported block manufacturing machine from USA

> Enactment of the Industrial Standardization Law (1949)

2) Enactment
» JIS A 5406 Hollow Concrete Block, established in 1952
» Proposal of a draft revision with reference to the strength standards for

standard blocks in the United States

v

Blocks formed by machine filling

Concrete blocks for reinforced concrete block construction

v



2)Enactment/Regulation: Compressive strength, bulk specific gravity, water absorption . . .
2) Enactment/Regulation: Shape, Dimensions

compressive strength
Division (kg/om?) Bulk specific gravity water absorption shape | length (mm) | height (mm) thickness (mm)
Total cross— net cross— (mass) (%)
sectional area | sectional area B 1 400 197 150, 197
non— Light weight
structural | 2520) = 3 = type 3 <12 0= BS 440 215|150, 197. 215
structure | 35(28) < 65 < | HEMwest | o< i 252 BM 485 455  [150. 180. 210
wall A type 2
; ; Bl type is “inch”, BS type is “sun”, BM type is “meter”
strusture | 50(40) < CUE Bt IR T-EN K 182 vP vP P
— » No shape or volume ratio is specified for the cavity.
structure S S . S 2
wall B 70(60) = 180= Weight 19= o= » It must have enough cavities to ensure the thickness of the cover.

» Compressive strength shows the average value, but the value in parentheses shows the minimum value.

» A net cross—sectional compressive strength of 65 kg/cm2 was considered to be the minimum » The standard block thickness is 25mm or more.

acceptable value for durability.

3) Changes and Regulations: Names of Standards 3) History and Regulations: Compressive Strength
compression strength
AD - unit
JIS A 5406 srotral | A08) | B(12) | C(16) | D(20)
1952 | Concrete hollow JIS A 5407 —
Block (CHB) 5 " JIS A 5408 1952 20 28 40 60
T Formwork 1955 | — 25 40 60 - kglem?
concrete block 1987 Wi
concrete block 1979 | — 40 60 80 —  |«—didyouget
ﬂ ﬂ ﬂ TTOTTgeT>
1994 — (8) (12) (16) —
JIS A 5406 2000 — 4 6 8 - N/mm?
1994 | Building concrete block _
Classification by cross-sectional shape: hollow block, formwork block 2017 4®) 6(12) 8(16) | 10(20)
Classification by external shape: basic block, basic cross-bar block, odd-shaped block > The value in () indicates the compressive strength of the net cross-sectional area.
Classification by presence or absence of make-up: foundation, Decoration > Regarding compressive strength, curing methods, water content conditions during testing, etc. differ,
s0 it is not possible to make judgments based solely on numerical values.
3) Transition/Regulation: Water Absorption Rate 3) History/Regulations: Dimensions
n AD shape [ Length (mm)| Height (mm) Thickness (mm)
Water absorption (amount) 51 200 97 50197
Light weight | Light weight .
AD Light weight | ' pyoe e 1| heavy weight remarks 1952 BS 440 215 150, 197, 215
type 3 type BM 485 455 150, 180, 210
A(08) B(12) c(16) B1 3% 1% 150. 190
1952 <30 <25 <18 <10 mass. % 1955 BS 440 190 150, 197, 215
BM 485 190, 390 150, 180, 210
1955 No standard value
1958 — 390 190 100, 150, 190, 210
1961 - S045 — =020 |water sbsorption g/om? 1961 — 390 190 100, 150, 190
1979 - =045 =035 5020 | Water absorption. /cm3 1971 - 390 190 00, 120. 150,180
— < < < ) —
1987 =40 =30 =20 volume’ 1994 Length/height: module nominal dimensions, thickness
1994 - - - =10 I 2000 | Length/Height: Module nominal dimensions, net thickness, actual thickness
2017 — =30 =20 =10 Length/Height: Module nominal dimensions, net thickness, actual thickness
2010 clent: ¥
Standard joint width
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2.2 Direction of revision

@ Product @ Design and construction

» Freedom of selection and
appropriate use

» Returning to the origin of masonry
construction

» Effective use of recycled
materials
» Performance Improvement
compressive strength
water permeability
Dimensional accuracy

T for SDGs
> Design for SDGs

Thank you very much for
your attention
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@ Advantages of the proposed construction method due to the difference in the wall (economy, etc.) (A JIFN+])

Difference between Grout Fulfilled CHB wall and partially
filled CHB wall

Advantages of the proposed construction « fulfilled (traditional in the Philippines) « Partially filled (proposed)
method
Due to the difference in the wall
(economy, etc.)

P —_—

Penta-Ocean Construction Co.LTD
Adviser
Kazushi SHIRAKAWA (Mr.)

________________ -
-To reduce thk volume of

Cavities mortar used
.~ -Improved heat insulation -
Straight joint performance due to cavities

-productivity upgrading

Movie  Work Execution of CHB laying

stack bond Running bond

The amount of Mortar Used (Spec. Mortar 1 Cement : 3

sand (Bulk based) ) Insulation performance
« Fulfilled(73,625cm3/m2) « Partially
filled(27,248cm3/m2) « Fulfilled « Partially filled(proposed)
fasic Unit Basic Unit Thermal resistance 0.16 Thermal res'Stan_Ce 0.22
. Thermal Transmittance 4.55
Thermal Transmittance 6.25
(Unit Price) The heat load from the outer
Cement 261 PHP/40kg Horizontal rebar Unit wall is reduced by about 30%
Sand 465 PHP/m3 compared to full filling.
Therefore, it is possible to
Cement = About 40kg 258 php Cement = About 15kg 95php reduce the cooling electricity bill.
Sand = About 102kg  39php Sand = About 38kg 15php

Thermal resistance is based on the Hokkaido Architectural Guidance Center, Cold Region Architectural Design
and Construction Handbook 1973
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Thank you for your attention

Hoping your success
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@ Evidences of Resilience of CHB in Japan against Earthquakes and Tsunami (fAIR & EE-)

Jan. 17t, 2023

Evidences of Resilience of CHB in Japan
against Earthquakes and Tsunami

Experiences of the 1995 Kobe Earthquake
and the 2011 Great Fast Japan Earthquake

Ex-Volunteers Association for Architects (NPO_EVAA)

Shizuko MATSUZAK

Today's contents

1 1995 Kobe Earthquake damages to CHB buildings
2 2011 Great East Japan Earthquake damages to CHB buildings

3 2011 case evidences in

Akasaki town, Ofunato city, Miyagi prefecture and
Namie town, Fukushima prefecture

HH Ky FaLs

1 1995 Kobe Earthquake damages

Earthquake occurring directly beneath big city

[

B Ky R L= 22 S press

1 1995 Kobe Earthquake damages

Wall-frame RC & PC Reinforced CHB

_
T Slight
No damage
Nodamage ~Slight ~Moderate Heavy/Collapse

Damage level of Kobe EQ Comparison with wall-frame RC

Source: Ref. 1) HAREF &t ¢ B - ABARIAARS BRI 2, 1998 5

2= Jj press
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1 1995 Kobe Earthquake damages

(@D No damage (1 story building)
@ Heavy damage (Inclination

due to uneven ground settlement)
(3@ Moderate damage (wall crack)

Source: Ref. 1) BARREF R B - KEARIKAERE BRI 2, 1998

2 2011 Great East Japan Earthquake damages

Mi iku town, Miyagi Prefectur

Miyako city, Miyagi Prefecture

SEAAARK 10 0ROBER



2 2011 Great East Japan Earthquake damages

Megaquake with Mw9.1, focal area of 500km

Ishinomaki city, Miyagi Prefecture

Akasaki town

?Namie town

]

Photo by MATSUZAKI S

2 2011 Great East Japan Earthquake damages

®O0ver-turning due to tsunami ®Inclination due to uneven ground settlement
Heavy damages were not found on upper structure.

Source: Ref. 2) AARFEF £ 1 HAFKEKAFAWARE BHERE 2,2014°

2 2011 Great East Japan Earthquake damages

Heavy/Collapse

Slight -
Moderate

No damage
No damage

WRC/WOCaPS CB CB
Area without Tsunami  Tsunami area

No damage Slight-Moderate Heavy/Collapse
Damage ratio in G. East Japan EQ Comparison with RC Wall structure

Source: Ref. 2) HIARLEF LM : HEAARKERBERS REF 2,2014 )

3-1 2011 case evidences example of Akasaki town

Photo @ Photo @
@ Miura house #ef4)
(® Miura house
(9@ CHB house
in same area R4
Photo@
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3-1 2011 case evidences example of Akasaki town

Miura house \ E
. L Q’

Tsunami ﬁ

Source: Ref.3) A AARKICHZ=HE S OFME

Total number of Bldgs. 151 =Survey area

Bldgs. survived 30 (19.9%)

CB and RC structures remained, and
most of wooden structures were washed away

CHB Bldgs. 18 (60% of survived)

3-2 2011 case evidences example of Namie town

O@®
CHB house-A Ref5)



3-2 2011 case evidences example of Namie town

®®®
CHB house-B "¢

Thank you for your attention.
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Conclusions

« In this study, the damages to CHB structures were verified in the
cases of Kobe earthquake and the Great East Japan Earthquake.

« The damages of reinforced CHB buildings were extremely little,
90% or more of no damage and minor damage, and the strength is
not inferior to that of wall box-frame RC structures.

« In the case of the tsunami, there were damages caused by ground

collapse, such as overturning due to scouring, even if no major
damages were seen in the upper structure.



(® Training of craftsmen and examples of block masonry CKEEfz)

1. The need for craftsmen training of block masonry

2. Block wall masonry construction (video),
Residential block masonry construction

3. Reinforced CHB house construction process

(external insulation method)
2023.1.17 Minoru Yonezawa

1. The need for craftsmen training of block masonry

[Basis]

O It goes without saying that we must comply with relevant laws and
regulations when conducting construction work.

O Lack of ethics and the attitude of pursuing only profits can lead to
accidents and defective construction.

O The basic principle of those engaged in construction work is to give
top priority to the safety, health and welfare of the public.

[Impressions of sites visited and block construction]

O There is a considerable disparity in the level of black construction skills
depending on the property.

OBecause craftsmen rely on their own style of stacking for many years, there is
a large disparity in construction levels.

[Vocational Training for Block Laying Craftsmen
and Skilled Worker System]

OBlock craftsmen need basic knowledge and a certain level of
skill.o Correct block stacking is the decisive factor in ensuring the
performance of block construction.

O Qualification as a Block Technician is a goal for career
development, and you can get an evaluation according to your
ability.

O Active promotion of the skilled worker system is effective for
developing human resources through vocational training.

Residential block masonry construction(1)
Vertical-ruler installation work
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2. Block wall masonry construction (video)

Residential block masonry construction®
Wall corner fit and reinforcement



Residential block masonry construction 3
Block masonry work

Residential block masonry construction@
Masonry condition of block wall floor height

3. Reinforced CHB house construction process
(external insulation method)

Remove formwork Concrete reinforcing bar arrangement on the ground

Leveling concrete Loading work of blocks
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Piling work and excavation the ground

Placement of rebar for foundation

Beam formwork

Second floor concrete pouring

Concrete to equalize foundation

Formwork for foundation

Roof floor formwork, reinforcement

Leveling concrete on the second floor



Examples of completed houses

Thank you very much for your attention
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Interior of block structure



® COST ANALYSIS OF CONVENTIONAL PRACTICE AND THE PROPOSED METHOD (ki JfF&E )

CHB in the Philippines and Japan

COST ANALYSIS OF
CONVENTIONAL PRACTICE
AND THE PROPOSED METHOD

January 17, 2023

Dr. Tatsuo Narafu

_ . . . Both look similar in size and shape.
do Building Engineering Associatjén (HoBEA)

The quality is very different.

Conventional practice Proposed method

in the Philippines Comparison of two methods
Quality Proposed to
Back yard
" . i Dimensions o 39X%15%19 3gX15%19 Accurate more
H% : : Strength psi 250- 400 1,600 Stronger
Wall area covered by mortar joints % 19 5 34% less
’_\ : - 1 77‘ uﬁ T Pieces for 1 i wall Pcs 108 125 116 % more
[ ] “ “ | ol = E Amount of mortar per i wall n 0.16 0.06 61% less
r ‘ j Length of rebar per i wall m 4.7 (D10@600) 6.7 (D10@400) 150 % longer
bt e s srone D e i s
Comparison of cost of two methods Analysis of Comparison of cost

1 m wall cost (PHP)

1,000 e . m Conventional (A) | Proposed (B) Consé)/gl:)son
874 803

800
Labor 0.92
600
400 Rebar 90 133 1.48
200 CHB 167 356 2.13
0 CHB(Proposed) : 29 PHP/pc.
Back yard P d CHB(back yard) : 16 PHP/pc.
agyan T Renav(f)my}ar ;20 PHP/‘r,nc Mortar 557 220 0.39
mMortar WCHB WRebar mLabor s ol <
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Iltem

hollow

vertical joint
horizontal joint
harizontal rebar
plastering

total

Reduction of mortar in each part

Conventional(A)

fully
grted

3cm
3cm
3cm

3cm

0.075

0.005

0.013

0.010

0.060

0.093

Proposed(B)
pgﬁ:ﬂy 0.033
lem 0.002
lecm 0.004
lecm 0.005
lcm 0.020
- 0.044

Reduction
(A-B) B/A
0.042 44%
0.003 40%
0.009 34%
0.005 50%
0.040 33%
0.059 39%
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Gompar ison of construction works of block laying
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(@ Reports of several Experiments to Validate Guidelines for Engineered RCHB Construction in the Philippines

(k)

Reports of several Experiments to Validate
Guidelines for Engineered RCHB Construction
in the Philippines

Hokkai-Gakuen University

[1] Background and Purpose

+The guidelines proposed by Dr. ISHIYAMA (explained
this afternoon) contain some provisions that differ from
the standards in Japan.

 One of the purpose is to make it more reasonable for
popularization.

-We have conducted several experiments to confirm the
validity of these provisions. Here we report some of
these experiments.

pie e allo O e
1. Confirmation of the strength characteristics of CHB
masonry elements made mainly from volcanic ash =&|2019

2. Confirmation of the adhesion strength of spliced joint to
filling mortar in the hollow part of concrete block <=1(2020

3. Confirmation of the adhesion strength of spliced joint in
the hollow part of concrete block to mortar filled from the
top of the wall ¥

4. Confirmation of the critical aspect ratio r,, for bearingqg 2031
walls not to uplift in the in-plane direction due to Lateral 2022
forces

5. Confirmation of adhesive strength between vertical
rebars spliced to post-installed anchors in the hollow part
of the concrete block and filling mortar

[2] Implementation Content

3. Confirmation of the adhesion strength of spliced joint in
the hollow part of concrete block to mortar filled from the
top of the wall D

4. Confirmation of the critical aspect ratio r, for bearing@ 20~21
walls not to uplift in the in-plane direction due to Lateral 2022
forces

5. Confirmation of adhesive strength between vertical
rebars spliced to post-installed anchors in the hollow part
of the concrete block and filling mortar

3. Confirmation of the adhesion strength of spliced joint in
the hollow part of concrete block to mortar filled from the
top of the wall

-
L
Fill mortar all at once from the top of the‘w/all//' t

YRILIETY

t spliced §<
t in the hollow
(banned in Japan)

1y

-
Exceeded the yield strength of all rebars

= Admit spliced in the hollow part
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4. Confirmation of the critical aspect ratio r, for bearing

walls not to uplift due to Lateral forces

@ [Object] Bearing wall'on one-: —__

vertical

s XVertical Forces : 56.25kN
[ ) [ ] t:0.15m, b:1.2m, w=10kN/m2,
{Wall ratio : 3.0, }
¥ k2 Required Wall ratio : 0.008

& keep parallel
The critical aspect ratio r. =1.0

aspect ratio r,=1.0

— lateral forces

aspect ratio rg=1.5 aspect ratio rc=2.0




4. Confirmation of the critical aspect ratio r, for bearing
walls not to uplift due to Lateral forces

4. Confirmation of the critical aspect ratio r for bearing
walls not to uplift due to Lateral forces

IS)

=Lyz *+ Lys (kN)
o o

W, =

100 120 140 160

5. Confirmation of adhesive strength between vertical
rebars spliced to post-installed anchors in the hollow part
of the concrete block and filling mortar

Structural strength is ?|
Destruction mode is ?

} apply to small
The effect of B is ?

building foundation

spliced inthe
hollow part RC or CHB|

post-installed
anchors ¢ 9

The width of the
foundation is about
150mm

Under verification...
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—

[Type Al 1y =T,
Shear failure before uplift

[Type B,C] Ig, f'c > I
Uplift without shear failure

These results are highly
consistent with evaluation
results based on a simple
structural mechanics model.

The r, in the guideline is a
reasonable and safety value.



Guideline for Engineered Reinforced Hollow Block (RCHB) Construction in the Philippines (7 [L#fi )

Jan. 2023

Guideline for Engineered
Reinforced Hollow Block
(RCHB) Construction
In the Philippines

Yuji Ishiyama, Dr.Eng.
Advisor, Hokkaido Building Engineering Association (HoBEA)
Professor Emeritus, Hokkaido University, Japan

Reinforced CHB
construction in Japan is
strong against earthquakes,
tsunami and fire.

Many houses of reinforced
CHB construction had
survived 2011 Great East
Japan Earthquake and
Tsunami. On the other hand,
most wooden houses around
there were destroyed.

Japanese practice
(stack bond)

Hollows of rebars only
are filled with cement
mortar.

Philippine practice
(running bond)

CHB Construction in the Philippines and Japan

» Concrete hollow blocks (CHB) are
widely used in the Philippines for
low-rise buildings and for non-
structural walls.

Most of CHB units are manufactured
by small-scale factories with little
quality control, and the buildings of
CHB construction are often damaged
by natural disasters such as
earthquakes and typhoons.

The buildings of CHB construction
in Japan, on the other hand, are well
reinforced and have survived many
severe earthquakes, tsunamis and
typhoons.

RCHB Construction in Japan

No columns are required.
No finishing is required on CHB walls.
(Walls may be covered with finishing materials.)

Conventional Japanese
CHB Construction

Strong structure, but
improvements are expected.

1.Simplification of bond beams

2.Simplification of floor and roof
slabs

3.Simplification of corners
4.Simplification of foundations,
etc.

All hollows are filled with

cement mortar.

113



Less form work is
necessary to shorten
construction period.

Article 2. Terminology and Notation

CHB

RC

Shear wall
Bearing wall
Bearing wall line
Wall ratio

Philippines Basic unit
NETED

Construction Both units look similar in
of CHB house g size and shape. The quality
. is very different.

in Japan

CHB units are more
environment-friendly.
Less energy

Less air pollution.
Easily reinforced.

Various CHB units

Proposal |
Improved Japanese Guideline for Engineered Reinforced Concrete

SlSCE TR Hollow Block (RCHB) Construction

No columns i
Strong floor and roof slabs Article 1. SCOpe

(diaphragm) 1. Buildings of RCHB construction

No bond beams < e
No (Less) use of forms 2. Story n.umber =3, height=12m,
Foundation of CHB units excluding basement

Vertical and horizontal
rebars of db=10mm @400 The construction should be executed by skilled workers with
Rebars of do=12mm at good quality materials, appropriate arrangement of rebars and

wall ends and around firm grout.
openings

Article 3. Quality of Materials

. Net strength of CHB unit =12MPa (Gross
Bond beam strength 6MPa)
db . Yield strength of rebars =230MPa (3350psi)

psi . Design strength of cement mortar =15MPa
PNS (2175psi)

JIS
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Article 4. Foundation

1. RC continuous foundation for the bearing wall
lines of ground floor

2. Thickness of foundation wall =bearing wall
3. In accordance with NSCP Chapters 3 and 4.

. Vertical rebars be continuous from top to
bottom, not spliced at middle part

. Ends of vertical rebars be embedded 30d or
spliced 30d to the anchors embedded 30d.

. Post installed anchors can be used.

. Ends of horizontal rebars hooked to vertical
rebar, or spliced 30d

. Hollows with rebars be grouted. Cover of

rebars =30mm, may include face shell or web.

Bearing wall lines and bearing walls

Acrticle 5. Construction of Bearing Walls

. Thickness of bearing wall =150mm, length
=0.6m

. Vertical and horizontal rebars for bearing
walls, rebars d10 @ 0.5m

. Top and bottom of bearing wall shall be
supported by foundations, slabs, or bond
beams.

. Height of bearing walls =3.1m for d10
rebars, =3.7m for d12 rebars

Avrticle 6. Installation of Bearing Walls

1. Bearing walls in balance horizontally and
vertically

2. Opening width=4m, = 2/3 of the bearing
wall line
3. Bearing wall line spacing =7.5m

4. Upper story bearing wall supported by lower

story bearing walls

Note) Structural calculation is required for c) and d).




5. Wall ratio of bearing walls = required

Table 1 Required wall ratios of the story

Required wall ratios satisfy NSCP seismic forces.
The values can be reduced down to 1% using better
CHB units, stronger grout mortar, full grout, etc.

Table 2 Reduction factor  of bearing walls

Reduction factor g for slender walls

m o

2 story
Critical aspect ratio

1 story 3 story

Further Improvement of RCHB Construction
Proposal 11

1. Running bond and stack bond

2. Rebars first, then CHB units

3. Laying CHB units without joint mortar

4. Story high grout with super plasticized
mortar
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How much shear walls are required?
NSCP Seismic Force (Base shear factor Cg)

NSCP seismic code is almost equivalent to Japanese
seismic code in terms of design base shear factor.

Article 7. Floor and Roof Slabs
1. Slabs of RC, i.e. diaphragm
2. In case no slabs, continuous bond beams

slab Bond beam

Japanese practice

Stack bond

Philippine practice

Running bond




New Construction with new unit  Using the same guideline

CHB laying work by skilled workers
in Okinawa, Japan

It takes time to lay CHB units and grout mortar.

Experiments of story high grouting Inclination of CHB units with out joint mortar (by M. Watanabe)
with super plasticized mortar

0

O

Only a few units

Super plasticized grout, pored from the wall top, filled all need to be adjusted

hollows, even concave hollows compressing trapped air.

The guideline presented is applicable to not only
Proposal | but also Proposal I1.

Thank you for your attention

I hope that RCHB construction will be prevailed
in the Philippines to give comfortable houses and
reduce damage caused by earthquakes, typhoons,
tsunamis, etc.

Any comments or questions to
Yuji Ishiyama, to-yuji@nifty.com
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© Structural design of model houses (7&)I[5£)

Structural design of model houses

@ Two-story detached house

1 1
@ Two-story townhouse

Tadashi NISHIKAWA
Sapporo City University

@™ Two-story detached house

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

Original elevations ~ RC frame structure with nonbearing CHB walls

south side west side

north side east side
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Original plans  RC frame structure with nonbearing CHB walls

Original sections RC frame structure with nonbearing CHB walls

A-A’ section B-B’ section



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 axis Y5 axis Y6 axis

Three dimensional

—— RC slab with built-in
/ bond beam

RC slab with built-in
bond beam It floor

Converted to RCHB construction
Y -direction frames

X1 axis

X3 axis

1. Structural outline
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X2 axis

“ built in bond beams

“ builtin bond beams



2. Wall ratio calculation

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

(1) Aspect ratlo of structure

Aspect ratio and
critical aspect ratio
for each bearing wall

structure structure | aspect
floor| axis | length hight | ratio
B o
(om) (o)
2 Y1 ] 4400 5000 136
v3 | 3350 5000 179
va | 6400 5000 094
Y5 | 2150 5000 279 "
ve | 6400 5000 094
Y1 | 6400 5000 o4
vz | 3350 s000| 179
v3 | 3350 5000 179
va | 6400 5000 094 B
Y5 | 2150 so00| 279
ve | 6400 5000 094
@ rat "
wal | wall | "R opening | opening | opering | aspect | adopted [ critcal |reduction|,  EFectve
floorfarie | length |(heness) sectonar | "GEILIL| AT BRI e | e | e [ e | seotonatarea 2-2 Y direction Effective horizontal cross—sectional area of wall
e
o) | oo | o) | o | o | o) brax(r1,2) (rn2)
7 [v1]_ ssw] 50| eoooo] zaoo] raoo] a0 ose|  ras| _ ioo] o 5000
Y3 3350| 150| 502500 5800 5800 5800| 173, 1.79) 091 051 255312 {1)Aspeot ratio of siructure
vo| zas| 1so|  s2zsoo| zao| zsoo| 2so0| vao|  rao|  1oo| o 247034 toor| e | ke sueture | aspect
agso|  1s0|  sozsoo|  zao0|  2s00|  2e00|  osa]  oss|  1oo| o 502500 5 «
vs| 210 1so|  s2zso0| za0| zse0| 2e00| raof zre|  osr| oa 105162 . o
vo| aooo| 150 eooooo| 2800|1000 1900 oss| oss|  roo| 1o 500000 T T 5700 T BT
eoo|  1s0| 120000 1000 2¢00| 1s00| 238)  23s|  roo| oa 50520 o sie ool 150
2um 2245134
Al 800| 150| 120,000 2800 400| 1600| 2.00] 2.00) 1.00] 05 60,000 X3 | 8700 0000 069
800| 150| 120,000 400 2400| 1.400| 1.75] 1.75) 1.00] 05 68571 X 8700 6000 069]
800| 150| 120,000} 2400 2800 2600| 325 3.25) 1.00| 031 36923 X2 | 3150 6000 190
vo| eoo| 50| 120000 2800 2000 2400 soof soo| roo| s 40000 x3| 6950 6000| 086
vo%0|  1so|  z;asoo| 2000  2s00|  za00| 1ss|  i7s| 1o os 129813
va| saso|  1so|  sozsoo|  zaoo| zsoo| 2s00| osa| 7e|  1oo| os 20563
vo| zas0| 1so|  szzsoo| 2200 2200 2200 roz|  voz|  1oo| os 31570
agso|  1s0|  sozsoo| 2200  zao0| 2soo| o7s|  oss|  roo| o 502500
vs| 250 1so|  s2zsoo| saoo|  seoo|  seoo| 20| zre|  1oo| oa 115563
vo| 2200 150 awmooo| 2800 2000 2400 oo ros|  1oo| o 302500
eoo| 150 120000 2000 1000 1s00| 1es| ves| roo| o5 64000
soo| 150| 120000 1000 2¢00| 1900|239 as| ool oa 50520
2um 29|
2-3 Wall ratios
(2) Aspect ratio of bearing wall
vall | wall | "o opering | opening | opening | aspect | adopted | eriical |reduction |, Efective
foor axis | fength[thickness| %% | heignt i | height b | height b | ratio | value faotor | Porzontal oross - Effective horizontal - -
b t (left) (right) | (average) i r ratio re Ao direc . N required margin
floor|cross—sectional area| floor area | wall ratio .
o | om | o2 | om | om | o mex(r1.2) (m2) tion e wall ratio | ratio
RS 0] 10| vazoo0  zaoo]  ravo]  zi00] 221 2z ioo] o045 4404
vooo| 150| 240000 1400 1aco|  1a00| oss|  ose| 100 100l 240000) () (m) (%) (%)
v200| 15| teoooo|  1aco|  aoo|  soo| o7s|  o7s| oo  tool 180000
ooo| iso| soono| aoo| aoo| avo| os7| oss| ioo| 1o s0000 X |2 2245 5344) 4201 146 288 OK
x2 3.150] 150| 472500 2800  2800| 2800 089) 10| 1.00] 053, 248063 1 1.966 53.44 368 276 133 0K
x3| ess0| 50| 1os2s00| 2600 2600 2800 oao| oso| 100|100 1042500
o 866027 v 2 1.865 5344 349 1.46 2.39 OK
1 x 950| 150] 142,500] 2800 1400| 2,100| 221 221 1.00| 045 64.464] 1 1.966 5344 3.68 2.76 1.33 OK
1600 1s0|  zaoovo|  vavo| raoo|  tavo| oss| ose| 100 100 240000)
1200 1s0| 1eoooo| 1400 aoo| 00| o75| 075|100 ool 180000
oo iso|  ooooo|  aoo| aoo| oo os7| oes|  too| 100 30000
x sso| 50|  1azsoo| 2moo| raco| 2100 221|221 1oo| oss o444
sso 50| easoo| taoo| 2soo|  2r00| ss2|  sse|  1oo| oz 21607
x| s700| 50| 1305000 2800 2800 2800 ose| oss| too| 100 1.305.000)
sum 1,965,538 |
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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 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 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
4-1

(1)Bond beams and floor beams
to be examined

In—plane direction

Slab built-in
bond beam
Consideration member number 0] ®
Memberl type bond beam _|_floor beam | _floor beam
< condit both ends | both ends | Y4 fix
Support conditions 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
M distance between stress centers | mm 1313 1313 1313
\mount of
rebar end(lef) |mm2 790 1470 2354
required,” |recuired rebar cross~ | - - 95 15 124
Number of [sectional area at
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

(2)Member cross-section study build-in slab
\
Consideration member number @ @ ®

Memberl type bond beam | _floor beam | _floor beam
Gross girder height (built-in slab) im 200 200 200
section  |Girder width (twice the wall thickness) mm 300 300 300
span beam span_L {mm 1600 1850 2325
RC slab IN/mi 4800 4800 4800
Weight per unit area of floor finish N/ 200, 200 200
floor loading weight N/ 1800, 1800 1800,
total N/ 6800 6800 6800
floor Inner dimension span/2 ‘m 145 305 20625
oz Distributed load of girder (for floor)  |N/m(width) 4930 10370 70125
Girder own weight (wall thickness)  |N/m(width) 720 0 0
2nd floor CB spandrel wall |N/m(width) 1800 0 0
Distributed load of girder w N/mwidth) 7450, 10370 7013
(ditto) KN/ m(width) 5 104 70

4-2 Calculation of out-of-plane direction

Omitted as both the 2nd and R floors
have RC slabs.
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5. Calculation of slabs [Target slab i

chort sice Lx ™ 290

span - ,
long side Ly m 503
" Weight per unit area of flaor w /i 6800
e /i o431
hort sice ond Mxl e 451
lbending conter Mx2 ke 300
moment. long side end Myl kN-m 238
conter My2 _ktiem 159
i thickness ¢ o 200
[thickness.” [effective thickness short side d_jmm 160
effective long side &y |mm 150
trickness distance between short side jx |mm 140
stress osmters. long side Jjy mm 131
Long-term allowable stress o rabar ¢ N/mm2 153
hort sice ond 2 210
frmount of conter 2 140
recuiredat |long side ond mm2 18
conter 2 7
hort sico ond @10@200
pracement conter @ 10@200
|of rebar long side end [ @ mzu:mn'
‘canler @ 10@300

(Reference) Aaverage shear stress of bearing wall

story shear coefficient Go 02
Horizontal oross
Building weight/seismic force average shear stress
section of bearing wall
Effective
Weight horizontal
rection| - stoty (WO o syppanq | smimie | oroee " herzontal | o
& by target sectional i _ compressiv
floor sectional | =Pi/A | =Pi/Ae
P floor - cron © strength
Wi AL !
(kN) (kN N | om2) | Gom2) | (N/em2) | (N/mm2)
X 2 562.7 5627 1125 3030000, 2082723 004 005] 1/ 222
1 6315 11942 2388 2932500 1966129 008 042[ 1/ 99
Y 2 562.7 5627 1125| 2167500, 1865027 005 006 1/ 199
1 6315 11942 2388 2182500 1965536 o1t o12[ 1/ 99

The average shear stress is about 1/100 of the compressive strength of CB alone, and it has a large margin.

Architectural Institute of Japan _Reinforced concrete bloc

Block. ‘Short-term permissible shear stress
type (N/mm2)

A 021

B 026

c 030

(Reference) Lintel beam

litel beam

opening

Original plans  RC frame structure with nonbearing CHB walls

122

@ Two-story townhouse

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

Converted to RCHB construction

Foundation layout diagram 2nd floor concrete block layout diagram

1t floor concrete block layout diagram Roof layout diagram

Y-direction frames

X1-X7 axis X2:X4-X6 axis X3:X5 axis
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X-direction frames

Y2 axis Y4 axis

Y3 axis Y5 axis

1.Structural outline

= built-in bond beam



wall | horizontal ‘opening Eltective
vt {20 g | cpeing | TE | spuc | sptd | ot [t hazom
. . e | s | e | e | SO | [ | RS | e || e
2. Wall ratio calculation [ B e ol R e I "R
o | o ) s 2)
P P I T T BT
s . . . vam| 10 voo| ose| osm| 1eo| 100
2-1 X direction Effective horizontal cross—sectional area of wall viso| 1l v ose| oss| 10| 109
Jm| 19 woo| oo om| eo| 109
[FT T T T T T T
(1) Aapect ratio of structurs sl e 2ol _znl a9l 6w
vi | i i 2o 12s] ras| 10| ol
structur structure| aspect 2o 150 sl on| om| o] 1o
floor | axis | e length hight ratio 2850 150] 1200 o4 s 100 100f
B H al 1550] 150|  232500] 1200 2800]  2000| 129 129)] 100 07
(mm) (mm) [N E2 00| 150 o0.000] 2.200] 12000 1700] 283 283 100 o)
2 | vz | 12600 5150 049 vaso| 1so| zuasoo] _vaoo| 22| _wwo| ras| _ras| _1o0| o
ooo] 150|  sooon] 2200 raoo] w0l zea] zso] 100| omg
Y4 12,600 6.150 049 2.150) 150| 322500 1.200| 1200( 1200( ol o56| 100 100f
1 Y2 12,600 6,150 0.49)] 00| 150|  s0000| 1200 22000 1700|283 283 100 033
va| | ol orsm| aeco| o] zeeo| el sm| 10| o
Yo | 12600 29%0| 023 i3s0| rsof aneson| 20| aeoo] asoo| rsa| s3] 100 oz
Y4 12,600 2,950 0.23] 1.350| 150 202.500] 2600 2800  2500] 193] 193] 100 032
woo| 10| o] 2a00] zooo] zooo| 57| 5| w0 o
¥5 | 12600 6.150] 049 va | iso| el iresoo| asoal 2a00] asoo| 2ir 27| 100 osg
2is| 1so| wmas| aaeo| oo s roo| ves| ae| om
visa| 50| vizson| oaco] eema| esoo| 2| | 10| os
vo | s ol vsvass| aaco] am| el vl sl roo] oss
ors| 1so| raaso] om0l aool wsoo| 1sa] 1so] 1oo| s
arsa| vso| sezson| o] 4| o] x| omo| 10| 1m0
(2) Aspect ratlo of bearing wall
recti : : - wai |t borzona | | gpeing | 8 | s | g | el [rocotio| morsoma
2-2 Y direction Effective horizontal cross—sectional area of wall Soor| avi | longtn |icknes | cross~ | PN | SR | oight | SSPSCt | Stomed | eren) |reducto) horzont
b 5| et Ty | wino | YEe| e ratiore | B |sectional area
(1) Aspact ratlo of structurs he
pr— ruotre] asect o) | o) | om2) | o) | o) | o) max(r112) (m2)
foor | axis [ length hight | ratio 2 [ x1|__soo] 150 120000  2800]  r200| 2000 250 _ 250 100 oo 48,000
B H L] 2400 150{ 360,000 1,200} 1.200} 1,200} 050, 096 1.00] 1.00} 360,000
(mm) () 800| 150| 120000(  1200]  2800( 2000 250 250] 100 040 48000
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 8,800 150| 1.320000 2800} 2800} 2800 032 0.70] 1.00) 1.00] 1,320,000}
X5 | 8800) 6150 010 x1 | soo| 150| 120000 2800|1200 2000 250 250 100 ool 48000
x1 | 6400] 6150 09 2400 150 o000 1200 1200 1200] 0so|  oss| oo 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 [ xt| s200] 150 seo000| 2s00] 1200 2000 o0s3| oss|  too| 100 480000
x4 | 13%0] 2950| 219 2000 150 soooo0| 1200] 2800 2000 00| too| oo 100 300000
X5 | _8800] 6150 010 xz | 1ss0| iso| 202500 2800] 2s00| 200|207 zis| " ioo| s 92069
X6 | 1350] 2050] 219 xa | ssoo|  150| 1320000 2800 2800 2s00] 0se|  o70|  1oo| roo| 1320000
x1 | 69%0] 6150 o088 xe | 1aso| 10| 202500 2800|2800 200 207 219|100 oas| 92669
x5 | ssoo| 50| 1320000 2000|2800 2800 032  o70|  1oo| roo| 120000
xo | 1aso| 10| 202500 2800|2800 200 207 zis| ioo| g 92669
x1 | 200 10| asoooo| 2800|1200 2000 oss|  oss|  1oo| roo| asoo00
2000 150 o000 1200 2800 2000 oo too| oo 1oo| 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
<lq horizontal cross— A I rat required (1)Bond beams and floor beams
oor oor area | wall ratio "
tion sectional area wall ratio | ratio to be examined
Ae
() (i) (%) (%)
¥ |2 2093 7781 269 1.46 184 OK
1 2164 77.81 278 276 101[ oK
v |2 3552 77.81 456 1.46 313| oK
1 4478 7781 575 276 209| 0K 2
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slab thickness + height of 1 block
Consideration member number @® @ ®
(2) Member cross-section study [Member| type bond beam | floor beam | floor beam
derati ; q @ 3 h h Xi
Consideration member numbes @ @ ® \ Support cond twtﬁ xe;ds lwtﬁ xe;ds x;uron
Memberl type bond beam \_floor beam | floor beam | © © LS
. - bending  |end (eft) KNem 087 721 000
Gross |Eirder height (built=in slab) mm 150} 350 350, e
section* | Girder width (twice the wall thickness) |mm 300 300 300 center kN-m 043 363 298
pan beam span L mm 1200 2800 1925 end (right) KNem 087 121 530
RG slab N/ 4800 4800 4800 Long-term allowable stress of rebar ft iN/mm2 153 153 153
Weight per unit area of floor finish N/ 200, 200 200 effective height d mm 100! 300 300
oor loading weight |N/ni 1800, 1800 1800 Amount of | istance between stress centers mm 88
total N/mi 6800 6800 6800 rabar dlof) 2 po
floor Inner dimension span/2 m 144 290 053 recuired,” |required rebar cross- e
load Number of |section area ot center mm2 32
Distributed load of girder (for floor) N/m(width) 4888 9860 1785 umber of |sectional area
reinforcing end (ight) mm2 [ 180 132
Girder own weight (wall thickness) N/m(width) 540 1260 1260 vars
2nd floor CB spandrel wall N/miwidth) 1800 0 8400 ond ) zom yor 2ou
Distributed load of girder w N/miwidth) 7228 11120 11445 mein rebar center 2-012 20120 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= Horizontal seismic intensity K 10
3
@ beam @ beam Part number to consider @ 6]
Member type bond beam bond beam | bond beam
B bond beam hight D mm 200, 200 200
ross
end section” [bond beam width B mm 300 400 550
. @ ® spen bond beam span L mm 4150 6250 6250
h load CB wall on the second floor (h=1.4m) N/mi(width) 420 420 420
dead weight of bond beam N/m(width) 144 192 264]
fire stop wall_(ave h=08m) N/m(width) 000! 000 240
= weight Horizontal braces transmit seismic
] roof wei
center oot wele! 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 @ @ ®
Member type bond beam bond beam | bond beam
N Same as subbeams i | ong (laf) 00| 060! 06¢
uport  RC calculation e romarka
conditions | i orde center Mo-065C|  Mo-035C| Mo-035C,
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 1805
conter KN-m 688 9291 2450 outer span and inner span single span
end (right) KN-m 971 11.95] 1805, Cross-—sectional area of rebar three main rebars of bond beam|
AUt o hor-torm alewatl srss of robr N/ 220 w2 \ o0 | 725 o2 \
reauired | effective width b mm 250 350 500 | 612 | 1131 wm2 | 50
stress center—to-center distance j __imm 219 306, 438 JEI 50
Amount of rebar required end (left) mm2 965 169.7 1793
center mm2 1368 3253 3438 'y
end (right) mm2 193.1 169.7 179.3
Placement |main rebar end (Ieft) 2-¢12 2-¢12]  2-¢12|
of rebar center 2912 ¢12  3-¢12
end (right) 2-¢12 2-¢12 2-¢$12
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5. Slab calculation

(D :One-way slab in short direction

(1) Target slab @ 4 side fixed slab

@

D

rartass D @Y%
" llong side Ly m - 400,
moment  iong side lend My1 kN-m - 2.0,
[tickness | e conter-tor short side jx_mm ag) 96

ey IR N
|Amount of |center |mm2./ miwidth) 143 180,
(I pryZeser)

(S i)

[of rebar iong side lend ©10@300) P 10@300]
ey re—

i

o2

6. Calculation of fire prevention wall against out—of-plane force

(1) Target part

Calculate the roof brace for transmitting the out-of-plane force of the fire prevention wall.

Blocks above the 5ih ter are bome by horzontal braces on the roof

numiber of blocks in rget part )
area of the targot part 24mi
weight of trgot part 7250

| —

roof brace ¢ 12

[ prvm—

ontop wall
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(2) rebar calculation

Wit or it oo o G wiavms
[ p—— w0
ey PR Ty ey
cbotim | xbotam | ixbotan
woptconstions toton | bt | 6 ot
PR PRy - W w ™)
o 3 of blocks 8 6 4
sackng e - o
oot g por e aesorwarw W T
|seismic force N/ 3.00 3.00] 3,00,
[bending moment. lower end KN-m 1536 864 384
P Fw— - ™ W
1108 [aves centerto-centr s | en W -
ESEw———"y 7y P
[ T———, iz i Er—
P )
sk
oo i o v
coment [ivctngsoovem
e oo o sosos,
e e roctomor
Calculation result
weigh o rgot pot 2w
Horizontal sfsmic nensity K 10
sisric force 2w
ace angle 506 des
Brace cross-sectional area P12
efective areaofbrace o5 2
short-term alowable sress of brace 230 N/m2
[Epr— Tos
component ofloaddrection 1084y
fective number of baces .
Brace load caring cpacity o s 72 oK




Pamphlet [GO-KEN |

& Video ([Tt (BWNECO)

YACHIYO

CONSTRUCTION ENTERPRISES CORPORATION
AF

YAC IYO
GO-KEN

AN

AN

high endurance
smooth finish
equal cores
machine-made

average quality
fragile
rough texture

STRENGTH TEST || N

Consistent core size helps hollow blocks to

maintain its quality and endurance.

I WHAT MAKES fI32 GO-KEN DIFFERENT ROM OTHERS?

vary'ng cores and size

CHB
Construction
Process

29 Pesos/ ¢
1 CostRe uction!

+
" +
+ +

» GO-KEN has a high
compressive strength,
Therefore, there is no
need for mortar
plastering.

I WHAT MAKES /32 GO-KEN DIFFERENT FROM OTHERS?

Yachiyo Construction Enterprises
Corporation uses Tiger Block
Machine manufactured in Japan.
Tiger Machine supplies machinery
not only in Japan but also in
America and is now the world’s
leading machine manufacturer. It
is design to produce fast and high
quality concrete hollow block
with fine surface texture, durable
and high comprehensive strength.
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@ RELEVANT ISSUES FOR SAFER VHB CONSTRUCTION (A )fie )

» Technical guidelines for design and construction

» Building regulatory schemes to require compliance to
the guidelines

» Manufacturing of CHB of good quallity (enforcement

R ELEVANT |SS U ES FO R of Standards of products)
SAFE R C H B CO NSTR U CTlO » Training for skilled workers (good construction works)

» Global point of view
January 18, 2023

Dr. Tatsuo Narafu SEVERAL POSSIBLE APPROACH FOR
do Building Engineering Associatjén (HoBEA) SAFER CHB CONSTRUCTION

CHB in the Philippines and Japan

» Revision of Philippine National Standards (PNS) on CHB
in 2022 by BPS/DTI

» Enforcement of PNSs (regulating manufactures) with
crifical issues such as capacity development of small
manufacturer (back yard manufactures)

» Dissemination of PNSs for construction sector
(engineers, contractors, efc.)

MANUFACTURING OF CHB OF GOOD QUALITY
(ENFORCEMENT OF STANDARDS OF PRODUCTS) Both look simiar i <i
imilar in size and shape.

The quality is very different.

Compar ison of construction works of block laying
» Good construction works are key for safer structure

» Japan infroduced fraining program and qualification
schemes for skilled workers

» Possibility of contribution by TESDA  (The Technical
Education and Skills Development  Authority)

TRAINING FOR SKILLED WORKERS (GOOD
CONSTRUCTION WORKS)
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» Countries which infroduced CHB such as African countries:
similar situation to the Philippines with poor quality CHB and
unskilled workers

» Countries which use burned bricks: various serious problems
caused by small scale manufacturers such as air pollution
with poor smoke control, ineffective energy consumption,
damage to agricultural land, etfc.

> §0fe/qood quality CHB construction could contribute to

e the global issues of disaster prevention and
environmental issues

GLOBAL POINT OF VIEW

& Dh

Serious situation Will Dhaka ever get ¢/
caused by brick =l o
manufacturing by small
industries

-a case of Bangladesh—

“58% of particulate

pol lutants come from brick
kilns” by Department of
Environment e |

‘Return of 171 Bangladeshis
rorm Wuhpg not possible’
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