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Background, Objective and Outline of Project for
Safer Concrete Hollow Block Structure
in the Philippines

based on Japanese Experience and Technology

Implementer: Hokkaido Building Engineering Association
(HoBEA)

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

Background:
mVulnerability against natural disasters in the
Philippines such as earthquakes, typhoons and so on
mHeavy damage

* Non-structural members such as partition
walls and ceiling boards

* One of most critical members: concrete hollow
blocks (CHB)




Background:

m Concrete hollow block structure is also widely
applied in Japan

m [t shows very good performance against natural
disaster similar to reinforced concrete (RC) structure

-
-

A,

Objective:

m To better understanding on safe concrete hollow
block (CHB) structure in the Philippines by
introduction of CHB technology in Japan to enhance
safety of CHB structures in the Philippines

m To create proposals for future collaboration for
safer CIIB in the Philippines through discussion with
stakeholders in governments, engineers, private
companies, NGOs and others
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Major activities:

m 2019 January: Kick-off seminar in Manila
Discussion with relevant organizations and
technical surveys in the Philippines

m Fiscal year 2019/2020 (April 2019 - March 2020)

(to be proposed)
» Discussion on possible future activities with
various stakeholders
* Technical visits of CHB relating sites in Japan
and discussion on future activities with leading
persons from the Philippines
* Creation of proposals on future activities and
their application
* Wrap-up seminar in the Philippines

Hokkaido Building Engineering A
(HoBEA)

Yuji Ishiyama,
President of HoBEA
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Objective:
HoBEA develops building engineering,
disseminates information and educate
engineers in order to improve and
upgrade quality, comfortability and
durability of buildings in Hokkaido.
History:

1952 Hokkaido Concrete Block Association

1953 Approved by Hokkaido Pref. Government

1995 Hokkaido Masonry Building Association

2004 Hokkaido Building Engineering Association (HoBEA)
2012 Cerebrated 60 year Anniversary

Main activities:

mFive Research groups

1) Research group of masonry buildings
2) Research group of external insulation
3) Research group of building inspection
4) Research group of wood based buildings
5) Research group of environment, equipment
and energy
mVarious Business
1) Entrusted research from governmental and
private organizations
2) Certification of Building Insulation Specialists
and Housing Inspectors
3) Training programs and seminars
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Members:
mIndividual members (133)
» Researchers of universities, research institutes,
etc.
* En gineers of governmental organizations
* Iingineers of private firms

mCorporation members (66)
* Design firms
* Construction companies
* Manufacturers of materials and/or equipment

324



@74 VDT uy 7 EDREIIHT B METIMHE
AeE R E A e/ ERS RS - A BERE

Reports on damage to concrete blocks
in the Philippines
case study of Bohol Earthquake 2013

January 24, 2019
DPWH Central Office 5th Floor Multi-Purpose Hall
Bonifacio Drive, Port Area, 1018 Manila, the Philippines

Bohol earthquake 2013

* Date: October 15,2013
*« Mw 7.2 (depth of focus: 12 km)

325



Damage

* Death: 222 people
* Missing: 8 people
* Injured: 796 people
* totally damaged houses: 13,429
= partially damaged houses: 53,683

(NDRRMC update SitRep No. 33 issued on October 31, 2013)

No damage in structural members
Serious damages in non-structural
walls and ceiling boards on the
second floor
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Examples of to Municipal Office of Catigbian

non structural walls

-Poor/insufficient quality of concrete hollow blocks

- insufficient compaction of mortal in bonds and hollows
- improper connection of rebar

Huge damage to non-structural members

List of heavily damaged RC buildings

* Non-structural walls like shelter walls and partition walls

* Ceiling boards
* Other members such as gutter for rainwater, ornaments, etc.
Municiperity buidings Use [oioctare reen-ntii:;::dae Cailinzs Others
Municiparty office X |Slght Slight Madium Madium
Tagbilaran \University Hospital x I- Medium Heavy
School of nursing [ X |- Extreme Heavy (rast fol dow) | Slight
|Municipal office X |Medium |Eme me Heavy Extreme
Saghayan :Dust:-;cl Hezlth care x [Msk RE— !., " Ligary
|Schogl X |Slight |S¢ight MNo ceilien boerds
Catighian | Municipal office X iMedurn (damage (n eolumg] |E1t:-arn& Medium
|Market building X |Meelum(w~ in beas, otc.) |Ext(eme Extreme Extre me
Ly [Hospital buiding 1 X - [Heavy imesctel e gium
Haospiral buiding 2 ®  Slight |Ertm me Extreme
Hospiral buiding 3 X | Slight Extreme Extreme Heavy
Murnicipal office buildng 1| x  |Slight Medium Extreme Heavy
Artequera \Municipan builiding 2 50% |- Medium Medium (2re i
|Barangey office 10% Extreme Extreme
[Drtret Hoakny cere 20% - |Madium Medium
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Structural members oA
(Columns and beams) | N

Municipal Government
Office of Sagbayan

« Un-continuous type of beam

Structural members

Columns and beams
Market building of Loon

» Small dimension of panels (crossing part of beams and columns)
* No hoops in the panels
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Small detached house
Reinforced concrete hollow

block house

 Heavy damage because of poor
quality of block, insufficient
compaction of mortar and poor

quality and improper connection of
rebar

Small detached house

Non-reinforced concrete block house

+ Separation of walls at corner caused the collapse of the house,
which is one of most vulnerable part of masonry structures
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Summary of huge damage by Bohol EQ

= Shaking motion is far smaller than the one NSCP assumes

-heavy damage to non-structural members such as shelter
walls, partition walls, ceilings, ornaments.

*Improper structural design and poor construction practice
caused serious damage

*In reinforced concrete structure, damage to concrete block
wall is one of the most serious ones

*Small detached houses also suffered seriously because of
very vulnerable concrete block walls

* Concrete block structure is one of most urgent issues to be
improved in the Philippines

Identified problems

Poor quality of concrete block manufactured by
small/family industry with poor quality control

+a
T

el Poor ratio of cement, no curing
| & after casting and so on
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Identified problems

8§ Poor impaction of filler mortar,
not connected together well and
broken into pieces

Identified problems

Inappropriate connectionfanchor of
CHB walls to structural members

(CHB in Market in Loon)
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Identified problems . SI

Design drawing of connection/anchor
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Policy of Japanese government on
reinforced concrete block structure

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

= Those housed showed good performance against
disasters such as earth

quake and fire
» At this moment remaining
governmental rental houses ||
of RCB: :
about 260,000 units
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" Past studies of CHB construction in Philippine

Full scale

development of

HOW SAFE IS MY HOUSE?

HEG R BT T A he AT
of Gonarete Hollow Block (CHB) Houses
uy

In the Fhillppines e

20

The miegaly and safly of 8 house dopends on e £ was mack,
= - P =
. ] .j { i [V nn
B ®®

Awareness tools

| HIROSHI IMAI, ARCHITECT

1 Static fest of CHR walls 1 Simple Selsmic Evaluat ian method

Our Target is Non-Engineered Construction

_ If we take situation of housing in the Philippines, we found many Non-
_engineered houses which are mostly CHB masonry structure. |

Therefore, it is necessary to investigate seismic performance of these
 kind of existing building for disaster mitigation.

-+ L
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Full Scale Shaking Table Test

Though “FULL SCALE SHAKING TABLE TEST OF PHILIPPINE
CHB MASONRY HOUSES” as comparison study, we figure out
behavior during earthquake, and seismic performance of ordlnary

E’%r?ﬁg dissemination of Earthquake safe houses in the
Philippines, we are planning to develop Simple Seismic
Evaluatlun method and Awareness tools in the project.

Full Scale Shaking Table Test

MODEL B :Non-Engineered model MODEL A :Engineered model
(Typical field construction model, (Following Building code)

not following BC)

Wall: CHB 4” (400x200x100) Wall: CHB 6” (400x200x150)
Vertical bar : 6mm@900 Vertical bar: D10mm@&400
Horizontal bar : 6mm@600 Horizontal bar: D10mm @600
Joint Mortar:1:4 Joint Mortar:1:4

334



Full Scale Shaking Table Test

| MODEL B :Non-Engineered model MODEL A :Engineered model
— | (Typical field construction model, (Following Building code)
— | not following BC)
— | Wall: CHB 4” (400x200x100) Wall: CHB 6” (400x200x150)
— | Vertical bar: 6mm@&900 Vertical bar: D10mm@&@400
| Horizental bar : 6mm@&600 Horizontal bar: D10mm @600

: Joint Mortar:1:4 Joint Mortar:1:4

1
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INPUT No’7 Crack Drawings

West Elevation
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MODEL B - West Elevation MODEL A - West Elevation

Elemental Study of CHB

¥ Compressive strength of Full Block

= Mosamm Lond | Compressive 5
SerKneIE 0N |Stwrengh(N/mr2) 9_9“'"“’“’! )
Philgya 4 24 1.0
cHB [l I3 1.0 10
| Type B- 1 (men 784 116 120
= Tope B-1 fran 423 129
Type C-10mm A TG 706
et e e 563 187 L
€ Compressive strength of Cut CHB
Meadmm = A of the
Specumens Load w‘ (N -.'m' Comgressive
N Strength{N/ima?) |
Philppine 4 04 [ o
cHB (s 14 17
Type B—10unn | 7.8 128
,_""""" Ty B A5umn | 148 190 154
Type C10mm | 110 254
Plock [ ypeC 15mm | 131 208 238
# Water absorption and Air density E
e [— k Concrete Block| B
: P hpeB | hpec
Waler alworplion rate [%] 176 15 66
Dry air density [g/om’"3] 1.6 17 22
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Shear strength CHB masonry Prism — wall unit
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“How safe is my house? for CHB houses

ST e i e L A
Following 12 questions congerning DEITEOHRLRRnEArIN URRe Lafely.

shape of the floor, wall cpenings, of Cancrete Hollow Block (CHB) Houses
foundation type and condition, roof, ) M
age, elc., users In the Philippines
{1) canestimate the
safety/vulnerability of their P e cescytoresrehagiakecii H—]
houses, and et DT g Lr i
{2) canunderstand which Q) s L
component of the house are @ 8
important for safety. l '
User:  House owner
Medium: Paper, Wweb
Target: CHB masonry structure,
(1-2story building)

The integrity and safely of @ house dapends on how it was made.

To understand the earthguake risk as their n — a1
2w &®®
st

Development of Practical Tools for Vulnerability and Safety
Evaluation houses of the Philippines

Tool 2

Software for Evaluate
Safety/Vulnerability of Houses

A computer simulation  was
developed based on the data from the
field, experimental and NSCP.

This is a visual and user-friendly
interface with assistance from local
engineers for:

{1} Scoring ofthe house status
{2} Vulnerahility/safety of the house
{3] Recommendation for necessary

strengthening of the house.

User: House owner with Engineer

Medium: Personal Computer

Target: CHB masonry structure,
[1-2story building]
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Bohol Earthquake, October 15t 2013

First Survey] 26" Now 1™ Dec, 2013 Second Survey] 21* Jan - 24" Jan, 2014
by Sakuma, imai, Lite, Henry, Malan By Hanazata, fmal, Lte, Hensy, Nedan

26t Nov | Cortes, Maribojoc, Loon 217 lan ! Taghilarmn, Dauis, Baclayon
2 Nov | Beliihan, Catighian, Tubigon, Calape, 22" Jan :Cortes, Maribojoc, Loon, Calape,
Pangangan Iz, Sagbayan, Carmen Pangangan ls., Tubigon
8™ Nov ; Clarin, Inabangs, |etete, Tubigon 23" Jan ; Albuguerque, Loay, Loboc Carmen,
1% Dec . Albuguergue, Logy, Alicia, Ubay, Sephayan, Clarin, Inabanga
Talibon, Trinded, Degohoy, Carmen, 24 Jan | Tagbilaran
Catigban, San Ishidro, Anteguera

‘est for 12 questions in Bohol Earthquake, October 151 2013

HOW SAFE 15 MY HOUSE?

OB RO E oK Fo iRt A UARS A FE B
of Concrete Hollow Block (CHB) Houses
inthe Philippines - ==

'/_ 3 - = y
_Be ready for earthquakesill ) ="
sty ol

The integriy end sefely of a house depends on how i was made.

B ®®@
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Test for 12 questions in Bohol Earthquake, October 15% 2013

71

Total Evaluation and Next staps

11-12 points Though this seems safe for now. Please consult experts for confirmation.

8- 10 points ‘ This requires strengthening, please consult experts.

0- 7 points This is disturbing! Please consult experts soon.

HOW SAFE IS MY HOUSE? of Concrete Hollow Block (CHB) Houses in the Philippines

Quick Quake Quality

check of your house
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History of Earthquake-Resistant
Construction Technology and
Related Events in Japan

Yuji Ishiyama, Dr.Eng,.
President, Hokkaido Building Engineering Association
Executive Director, NewsT Research Lab.
Professor Emeritus, Hokkaido University, Japan

1880 Yokohama EQ and
Seismological Society of Japan

» 230-yr isolation ended
: * Overseas trade resumed
1868 Meiji Restoration M . Rasearchers, scientists and
engineers invited to Japan

» Seismological Society of Japan
founded by Dr. J. Milne,
e Y&E’g;;“a EQ o Dr JA. Ewing and others, 1880
- n_( = == « Research on seismology and
. . 7 Sk EQ engineering began

)]s tomb fin Hakodate,
Hokkaido: Japan
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1891 Nobi EQ and
Earthquake Investigation Committee

. » Earthquake Investigation Committee
189(:\,][:? g)EQ B (EIC) founded, 1892
' » Research on seismology accelerated
7,273 deaths

» EIC was rechartered to the
Earthquake Research Institute in
1925 which now belongs to the
University of Tokyo.

» EIC made several proposals to

improve EQ-resistant capacity of

wooden houses and now formulates .. .9
current concepts. F e S

1923 Great Kanto EQ and Seismic Factor

» The 1923 Great Kanto EQ killed more than 100,000 people.

» In 1924, a provision that horizontal seismic factor shall be at
least 0.1 was added to the Urban Building Law (UBL).

» The 1924 UBL also supplied
additional provisions for
Wooden buildings
Masonry buildings
Steel buildings
RC buildings
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1950 Building Standard Law after World War Il

1934 Muroto Typhoon - problem with one allowable stress
system became evident

1937 - UBL revised after DIN Standard of Germany introduced
the concept of ordinary and extraordinary states

1943 - Wartime Temporary Standard (WTS) enforced
- Concept of short/long term loading introduced

1947 - WTS revised to Building Standard 3001

1950 - Building Standard Law replaced old regulations
- Horizontal seismic factor became 0.2

Dynamic Analyses and High-Rise Buildings

* Development of computers = analyses showed that
acceleration response of buildings with longer natural period
is smaller = high-rise buildings also possible in Japan

= Accumulation of EQ records and advancement of computers
- dynamic analyses switched from research to practical use

= 1963 - maximum height
limit of 31m abolished

= 1968 First high-rise in
Japan

(Kasumigaseki Building, 147m)
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1968 Tokachi-oki EQ and
Strengthening of Shear Reinforcement

» Seismic analysis = EQ forces acting on buildings are much
larger than that specified by the Building Standard Law

= Many RC buildings believed to have enough EQ-resistant
capacity suffered severe damage

= 1964 Niigata EQ (M=7.5) - 1,960 total collapse & 6,649 partial collapse
1968 Tokachi-oki EQ (M=7.9) - 673 total collapse & 3,004 partial collapse

» Building Standard Law revised and shear reinforcement of
RC columns strengthened

= Effectiveness of this revision proven later during the
1995 Hyogo-ken Nanbu EQ

Hoop spacing had been
30 cm

(1978 Miyagi-ken-oki
Earthquake)

T AT A
LT A O A T

~

a) Untal 1970 b) After 1971
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Typical damage to soft and wea

gther
ts = i

[

1981 New Seismic Design Method

1) Two EQ levels:
severe EQ motion (ultimate capacity design)
moderate EQ motion (Allowable stress design)
Structural characteristic factor to consider ductility
2) Seismic shear factor instead of seismic factor

Vi=GW, C=ZRAC,

3) Single formula for computing seismic forces for short
and long period buildings

4) New distribution of seismic forces along the height

5) Structural balance in plan and elevation (story drift,
shape factor)
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1995 Great Hanshin-Awaji (Kobe) EQ and
Countermeasures
» 1995 Hyogo-ken Nanbu EQ (M=7.2) - extensive damage
= 6,460 deaths
= 40,000 injuries
=  More than 240,000 total/partial collapse
= More than 6,000 destroyed by fire

= Seismic evaluation and retrofitting were applied to existing
buildings built before the new seismic design method

= Seismic Retrofitting Promotion Law enforced since 1995

= Damage to buildings after the new design method mainly
due to soft and weak story - Revision of shape factor

1995 Great Hanshin-Awaji
EQ

Damaﬁ‘&m%oﬁstory Q WOoden
houses killed ma‘r‘TVﬁED_,Ia_\ s

BT, . : [ vilr ALL | 6
Typical damagesiomseissi®ry-—..—*: ““Unusual midstery, colldpse,, ...
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Seismic Evaluation of Existing Buildingas

» RC buildings designed to be EQ-resistant suffered
unexpected damage > development of seismic evaluation:
= 1977 - RC buildings
= 1979 - Steel and wooden buildings
1986 - SRC buildings

= Seismic evaluation was applied to many buildings in
Shizuoka Prefecture and to buildings in Mexico after the
1985 Mexico EQ (M=8.1)

» Seismic Rehabilitation Promotion Law for existing buildings
established after Hyogo-ken Nanbu EQ - Buildings are
inspected using seismic diagnoses

2011 Great East Japan EQ

* Huge EQ (M=9.0) - huge damage
= 16,000 deaths and 2,500 missing
=  Max tsunami run-up height 40.1m
More than 120,000 total collapse

= Damage to building is mainly caused by tsunami. No major
revision to seismic code for buildings.

= Notification for large-scale ceilings and Notification of
tsunami for buildings that should resist tsunami actions.

= Damage to nuclear power plants.
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Damage caused by tsunami &
Notification for tsunami actions

1 structure, 2 tsunami direction, 3
horizontal hydrostatic force, 4 vertical
hydrostatic force (buoyancy), a. water
depth factor, A: inundation depth

CONCLUSIONS

» Research on seismology and EQ engineering that started by
the end of 19t century were developed in the 20t century.

» Further developments expected:

Seismology - precise EQ prediction techniques, estimation of EQ
motions

Earthquake Engineering - seismic design, performance-based
design

Base Isolation and Response Control Systems

= [n 215t century, the fundamental objective of seismic design
(to protect human lives and minimize damage to properties)
will hopefully be accomplished.
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The Introduction and Development
of CB Construction in JAPAN

How introduced to Japan
Construction status
Standard

Strength S
Activity for the development>

ook e M

1.1 How introduced -—around 1920 —

= THE CITY PLANNING LAW AND THE BUILDING REGULATION LAW OF
1919

# Fire resistance was needed in urban area.

> CB was used for communal buildings and residences in urban.

s -

e —— — S ,
Company’s club house(1914) Former leisure house{1915)
The earliest one existing SEDEA v : BEEE SR ET Y5 12 hupffburkaniecpfher fage fides 100D
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1.2 How introduced - after WWI| —

* Timber buildings were burned down by war damage.

* By this experiment, supply shortage, national policy to save forest
resources, CB was used one of easy and economical fire resistant
construction for common housing.

* Standards were developed at this time.

[r, =2 8 e
Public housing Founded by Housing Loan Corporation

FHE: Enlbhdedo v REORE

2.1 Construction status — housing stock —

¢ There were about 270,000 block housings, in 1998.
¢ More than 60% were constructed between 1960-1980.

before 1950, . 1951—60,
3,100 sl 16,700

1971—80,
83,900

CB housing stock by construction year
Housing and Land Survey 1998
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2.2 Construction status

* Peak of new CB building construction was late 1960s.

— new construction —

* Inresent years, most of new construction done in OKINAWA.

* Intotal, HOKKAIDOQ covers big part.

3,504 350,
00 0,008 HOKKAIDO
2,508 250,108 Al 4
Bl
2,008 2{HL, b \Lfé]‘
1)
1,504 151,008 .«,.f'l g
\J;?/ &
1,009 L, 1) S
P RS
SNy SN i }“ﬂ’
? - = ™ e - u - ™ ol [ ] P o ? r |
RESFAEEEEEEEEERE 4 r"\
- ipjth diff =——Tefal{th dmi OKINAWA
Transition of new construction
Survey of Building Construction Work Started
2.3 Construction status —cost —

¢ JAPAN : timber is lowest. CB is 15% higher, RC 45%, Steel 36%.
e OKINAWA : timber is higher than JAPAN average. CB is 6% higher.

¢ HOKKAIDO : each structure is lower than JAPAN average. Timber is same
as JAPAN average. CB is 5% higher than timber.
30.0
25.0

20.0

15.
10.
5.
0.0
S CB

timber RC

w«
=]

o
o

=]

total

B JAPAN ® HOKKAIDO ® OKINAWA

Construction cost by structure and area(ten thousand yen/m?2)
Survey of Building Construction Work Started
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3.1 Standard

= Masonry unit ¢ JIS A 5406 = next presentation

“Reinforced Concrete Block” structure system

* Structural Design : All Standards for structural design of masonry
structure

* Construction work: Japanese Architectural Standard Specification,
JASS 7

KT s ans s UETREN R RRY
Casronin Lscvs fet Sullisa ,_v ‘JU‘-I'
i [ ¥ |
==
dapanese
Amhbectral
- e B Stoadend
SoacHication
e maa Drasss
e e é
R i =)
Masonry units Structural Design Construction work

3.2 Standard - Structural Design -

* “Reinforced Concrete Block” structure system is constructed by
Reinforced concrete block wall and RC beam, slab, foundation

RC beam
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3.3 Standard - Structural Design -

* Inorder to block type {A<B<C, strength) followings were ruled.

Scale

£.5m

Wall guantity(mm/m2)

FEaE
Thickness of wall{mm) 158 and
3 !!FE hais
F 150 and 194 and
More than —-_EFEW 2R 18
150 and § H 15 and
: Al H hfze - Hhf16

3.4 Standard - Structural Design -

* Reinforced in a reticular pattern (vertical one should not joint in CB),
straight joint are reasonable. -

17 i : ] iz i
_#0008000800060 _B0008000800080
Break joint Straight joint
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3.5 Standard - Structural Design -

* Bar arrangement is ruled by scale and level of the building, for shear
and bending force

D10 @B
~

e N e

D13@ 800 l
D130
shear
 |etReeins | 4 |LEmes
=ngle sory/ep o il Aoyt 1:d.ﬁ.'cr:vfi‘|l1. frstfoorof hims
[ o= mrisd = wwried smried
soried
vertical
e rtica 0105 400 D102 400 i
D 108 BOG 0138 200
0 132 800 0138 500
e ionate D02 500 0102 400 D108 200
przontal |0 i
ks * 0 132 800 0135 6500 D138 600

- 1016

bending

singhs s ony'tp

Ind fherfrom tp Ln’ fhorfrm &p

vertioal

h'E15n 1013 1016
t5<h'Z24m 1-013 D15 | 1010
2 4m «Ch 1013 1019

norzonta |

58M & a§vartcal

4.1 Strength

Experiment (single story and two-story)

¢ shaking table test: base shear 0.6-1.2
e Static load test:

Earthquake damage

base shear 0.8-1.0

¢ By the various report on the disaster, the damage of reinforced CB
building were extremely little.

¢ Reinforced CB building under the rule, there are not serious damage on
upper structure.

* In case typhoon or tsunami, the damage is smaller than timber
buildings.
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4.2 Strength — damage level —

* No damage and minimal damage were more than 90% in intensity 7
area of Great Hanshin-Awaji.

* Damage level was almost same as RC wall system buildings.

=
&
*

Ta%
E%
5i%
AB%

_ No damage
0% e
28%
18%

&%

reinforced CR WRCHNPC
B Nodammue  ®Eminimal W minor
middie = major damage = collapse
Damage ratio of reinforced CB and RC Major damage ,Tilted by ground movement
in intensity 7 area of Great Hanshin-Awaji T B B A

4.3 Strength — damaged case —

In tsunami area, some building collapsed by soil washed éy.

However there was little damage in upper structure.
il R AL FS R F AR ARREHE
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4.4 Strength - tsunami area—

144
o
120
ol
e 141
N i
~ g W s ot B
AR SV
ey “'1\. B
- ]
- ; Stovahoas
e . s
/ P 1 _&\n X W — Steel, 1
\& T ke : 20
e L - %
'*"?Mg'%!" st L area L
2 e o e
> el ,fg" _‘_3&-(-;.;4 survived destroyed
i __’ L ©cs Erc Frsteel AAvimber 'V storshouse
-’Ef? ¥ v L a7 * Destroyed

5. Activity for the development - general-

* Standards

* Housing loan

* Share now how

* Design competition

* New technology challenge and Developments

-Detail- will present tomorrow
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Concrete Hollow Block (CHB)
in Hokkaido

Minoru Yonezawa

Table of contents

*History the block industry Birth,
Rapid development and decline

*Production line

*Quality and standard

*Reinforced HCB structure

[construction Process)

*Reinforced HCB structure

[Exterior, interior]

View from Lake Shikotsu and ML Tarumae & MtFuppushi

Distribution of block production plants
in Hokkaido(1958). 81 nlants




O History of rapid development and decline from the birth of the block industry

19454F End of World War I
19474F Promotion measures for block building by policy
18514F First block-building public housing construction
189524F “The Hokkaido Block Building Guidance Center” was established
Concrete block established as Japan Industrial Standard
Concrete block construction established as Building Standard Law
Design criteria for concrete block construction established
the Japan Society of Architectural Architects
18534F “Law for the promotion of cold-proof housing in Hokkaido™ was enacted.
19694F Amendment of this Law
19724F The Block Housing research Group was established
19794F The external wall insulation method of block was built by Prof. Aratani
Hokkaido Block Building Promation Council
(industry-academia-government collaboration) inaugurated
18804F Construction of two model houses , external wall insulation method of block
19864F The Masonry—forum Hokkaido has started.

Number of houses built by block structure Number of Concrete block Production
in Hokkaido and blocks produced in Hokkaido
e & LAl <!
- | voss. ) P e
- & i LYAN
an o | by
Lan | \ [T é lrr I ! A\ 3
AV . - gi / I | ¢
wam LA T 1008 / 1 \ | -1a ®
M . ? ;o2 \ 5
= [ \ 1 | \ | 7
N ; ‘J‘.":""'\I it
. : R — WTx '
. | I e L]
- i - ? [ ~—| w O
g S 1 e - | B
U . Lt N | 55 65 ' 75 | | &
x n %5": M »n :;! Q2 u 5:1 M uN nfeo):s:mumleuumuws:uu\.; ;h;a‘
B—-3 Tor8LEET0R0EEK l%?”r & L ("u‘:;:::l’;:: S-DFRIELER
W - 50% A 11 .. L&, (42-uEaome
S i e, (a~rae
B4 tElkcEd8s2s2)-rToasd

EERREM T SR
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The birth period of the block Manual manufacturing mathod at
industry in Hokkaido the time of 18

The CB-built church,
completed in 1851

Hokkaido Block Building Guidance Center,
sstablished in 1952

More than 50 years of existing
agricultural facilities

The age of rapid growth

Semi-automatic molding machine

Block-buillding public housing development

A ¢ Fe.r@sRdt=Da TARRAARL

Steam curing room around 1960 (1st floor part)
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The external insulation method
~Starting in 1978~

Block-built model housing
The external insulation metho—1980

Internal insulstion Outside insulation

CR R T e L P S LY 1]

*Production line

Volcanic gravels
with controlled
particle size

Storage condition

Particle size adjustment and washing equipment of
volcanic gravel

Weighing equipment for raw Concrete Mixers

materials
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Carrying out with a forkkft

1348

PRy b ey e

SRt NE

The outdoor product storage place
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OQuality standards for CHB

[=

BB IDwo B oy 2 ARy
(L = %] inoe) ==)
A7 0y 00 W ol AR e UES BB I AR
T Compressive Water absorption
ype strength Rate
% B B AR FE N4 & IEN®RE ) | EMEMIERRE o] WEWAS
IO | LB (N/md) (N/nd) (%)
08 (A) 8EL L 481 E J0EL F
ted P TY 12(B) 1268 L 65l F 20EL F
16 (C) 1651 E 8kl L 10EL F
Selected volcanic gravel (natural lightweight aggregate 10mm)
Cut samples classified by strength
‘Typec A, B.CD
Particle size Distribution
a5 ——
A o
! ® e
oo
..’_,.‘ 0 _.._...ﬂ’.:_ o - . M
015 03 06 12 25 § 10
SHVDH DT ()

Examples of standard formulation of CHB
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K u a ha) | I ' ) 1Y

sy | [m]| -|Im]| n Ll -

nm x| - m] » o |

#0O | 2 [0 [ 665 [ | % THEE

ases
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Piling work and digging the ground Placemant of rebar for foundation

Loading work of blocks Beam formwork
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Exterior Insulation Method Block structure

nterior of block structure

Thank you very much for your attention
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Efforts for popularization of CB
construction

1. The Change of Standards at the early period
2. Popularize the Standards

3. The Housing Loan Cooperation

4. Certificated worker

5. Optional trial

MAESHIMA Ayako

1. The Change of Standards before standardized, after wwil

* Around 1950, public housing agency and the Housing Loan
Cooperation prepared their design.

* Building constructors were checked their method fitting to that design.
Then various CB constructions were proposed.

BE T
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1. The Change of Standards 1952

* First standard for structural design and masonry units was defined in
1952

It was introduced by US and
the hole was small for reinforcement

Bl BS BM
(UStype) (follow to Japanese module) (invented in Japan)
400 < 197 440 ~ 215 485 * 455

1. The Change of Standards 1952->1955
masonry units
* Minimum hollow size was defined for reinforcement.
* Shape was adjusted for joint width, and uniformed the height.
* Cement content ; cement : aggregate = 1:7-2220kg/m3 more

structural design

* Basic standard specification was shown with. .

Bl BS BM
(US type) (Japanese module) (invented in Japan)
1952 - + - 400X 197 440 % 215 485 X 455
N 2 N
1955+ * + 390 X190 440 < 190 490 * 190
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1. The Change of Standards 1955->1958

masonry units
* Shape type was reduced.
* Water-proof type was defined.
Specification
* JASS 7 was defined in 1956, and added the com in 1959,

2. Popularize the standards

» Architectural Institute of Japan send the trainer more than ten areas in
nation wide and held the workshop.

* Industry organization held the workshop for the leader of workers and
following to that held for the second class architect, buck upped by
government agency and local municipally.

screened block
quality, did research and guidance for both design and construction work.

Workshop for design and construction work at Hokkaido . s+ - vssi=502 =2+ ~nmonn
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3. The Housing Loan Cooperation

* Loan ratio for fire-proof including simple one was higher around 1955.

* That accelerated the choosing of CB housing construction.

Loan | Cost (yen) ; i Loan
ratio(%) | (49.5m2) i peri limit{yen)

Timber 80 510,000 1.0 18 400,000 1.0
Fire- 80 540,000 1.1 18 430,000 11
prevention

Simple 85 690,000 1.4 25 580,000 1.5
fire-proof

Fire-proof 85 810,000 1.6 35 680,000 1.7

ey s RETRHEAS

3. The Housing Loan Cooperation

* “Drawing of CB housing” was prepared by the agency.

* It contains not only drawings but also the cost comparing with timber,
the point of construction work, and so on.

* It contributed to expand certain quality CB housings.

"
1 — ' Regecn
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=t =t et %_ﬁ;
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3. The Housing Loan Cooperation

* “Drawing of CB housing” was prepared by the agency.

* It contains not only drawings but also the cost comparing with timber,
the point of construction work, and so on.

* It contributed to expand certain quality CB housings.

>
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4, Certificated worker national sector

* The skills test is a national certification program to test and certify
skills of workers on certain criteria.

* This test programmed by Ministry of Health, Labor and Welfare. And it
operated by Japan vocational ability development association and
governor.

* Paper test(Structure, Construction method, Material, Drawings, Law,
Safety and health) and skill test.

* Block construction skills is divided three levels, primary-intermediate-
advanced. (First and second class started in 1964, third class 2007.

* Average number of applicant is 120 to 250 in this six years.

Skill test trial for third class
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4, Certificated worker private sector

* Concrete Block constructor is certificated by JPEX, CB
contractor’s association, private sector.

* Lecture and paper test

Lecturel: material, structure, 260 ndastes

construction

Paper test 40 minutes
Lecture2: law and planning 30 minutes
Lecture3: Drawing (practical) 130 minutes

5. Optional Trial mold type block

* Reinforced Fully Grouted Concrete Masonry Structures using mold
type had been used from early on.




5. Optional Trial mold type block

* Reinforced Fully Grouted Concrete Masonry Structure can use for
higher floor height or underground structures.

RC slab .

f{:: ‘ S
RCormold ~ "5 < V
type CB & 101

%0 Mold type CB unit

Concrete ~ |
5 ;.;.ﬂ_,j;/‘ mold type CB
3 / e ',I‘___ .
i
J!’ ./_.-. J ,./."'_
reinforcement "
. il
2 Bl Re

- A f . Ti.foundation o S
e Reinforced Fully Grouted Concrete Masonry
Structure system 28 Structure by Tadao ANDO (1984, 91)

5. Optional Trial mold type block

* Based on Reinforced Fully Grouted Concrete Masonry Structure, RM
was developed by Japan and US collaborative research from 1984 to

1989.

* RM can construct five story building.

RM real scale

o

(RM from Rc] experiment model
* Similarity: Structure system '

* Advantage: eliminating removal of formwork, supports for formwork,
outside scaffold. RC elements are protected by block.
[rRM from cB]

* Similarity; Texture (but breaking joint)
* Advantage; building height, decrease the variations by workers skill

level‘ ENACRTIHFANACHREIRFRES) : FASERVEABRENSNEEN (102 MREONS
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5. Optional trial external thermal insulation

* External thermal insulation for CB housing was proposed by the
institutions in Hokkaido around late 1970s.

* Long life and ecology especially in hot or cold area
* The proposed two ideas were put into practice as model house.

RIRRRR RN

i;iiiiiiiiiiigli

=M

*REToTTO

5. Optional trial processed block

* Colored or textured block has been produced since around 1970s.

* Block has potential to offer variable texture.

http //www yonezawa-k.co.jp/
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