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A CRrITIcaL ASSESSMENT OF CONCRETE AND MASONRY STRUCTURES
FOR RECONSTRUCTION AFTER SEISMIC EVENTS IN DEVELOPING COUNTRIES

HeaTHER McWiLLiams, C.T. GRIFFIN
DEPARTMENT OF ARCHITECTURE, PORTLAND STATE UNIVERSITY, PORTLAND, OREGON, UNITED STATES

OVERVIEW

THE INFRASTRUCTURES OF DEVELOPING COUNTRIES, OLD AND NEW, ARE IN SEVERE DANGER OF THE NEXT NATURAL DISASTER,
ONLY DUE TO THE FACT THAT THERE IS ZERO CONCERN FOR THE OVERALL USE OF MATERIALS. AND ALTHOUGH THE AWARE-

NESS OF POOR CONSTRUCTION TECHNIQUES HAVE BEEN PRESENTED, ENGINEERS AND ARCHITECTS ARE CONTINUOUSLY PRO-
POSING SYSTEMS THAT ARE DESTINED TO BE HAZARDS ONCE THE NEXT DISASTER HITS. NOT ONLY IS THE USE OF CONCRETE
ECONOMICALLY UNSUSTAINABLE, BUT IT IS ALSO THE MOST VULNERABLE MATERIAL WHEN SEISMIC ACTIVITY HITS THE SURFACE.

AS THE INTERNATIONAL COMMUNITY HELPS DEVELOPING COUNTRIES SUCH AS HAITI REBUILD, THEY SHOULD UTILIZE THE KNOWL-
EDGE THEY HAVE IN THE TECHNOLOGY OF SCIENCE AND ENGINEERING, LET THE KNOW-HOW OF MATERIALS FOR WORK COME
FROM LOCALS, AND USE SUSTAINABLE STRUCTURAL SYSTEMS THAT CANNOT BE EASILY COMPROMISED WITHIN CODE COMPLIANCES.

PRECEDENT : HAITI

IN HAITI, YOU WILL TYPICALLY FIND MODERN BLOCK
AND CEMENT HOUSES IN BOTH PROVINCIAL VILLAGES
AND URBAN AREAS. RESEARCH HAS PROVED THAT THE
STRUCTURE OF THESE CEMENT HOUSES ARE BOTH UN-
RELIABLE AND INEFFECTIVE WHEN NATURAL DISASTERS
OCCUR.

PRECEDENT: PHILIPPINES

WITH NON-ENGINEERED AND NON SUPERVISED BUILD-
ING EXAMPLES, THE CONSTRUCTION OF THE PHILIPPINES
IS GENERALLY REINFORCED CONCRETE WITH HOLLOW
BRICK INFILL. AND ALTHOUGH STRICT BUILDING CODES
ARE IN EFFECT THERE IS A COMMON ACT OF CODE
VIOLATION WHICH ULTIMATELY MAKES THE REINFORCED
CONCRETE VULNERABLE TO ANY SEISMIC EVENT

IMAGES: The roof rests on columns and between those the
walls are built with hollow blocks. The walls are reinforced
with steel bars but the wall is still the weakest link

LocALLY SOURCED

CONCRETE DEBRIS

Can be effectively used as recycled
course aggregate in new construction
and there is an overwhelming abun-
dance following the Haitfi earthquake.

Hanil Visitors Center in Danyang, Chungbuk Ko-
rea. Concrete is broken and recast in various
materials. The design uses cast fabric-formed
concrete; where two fabric layers have a struc-
tural fine aggregate concrete pumped between
them.

INTERLOCKING STABILIZED SoiL BLock
Manufactured by compacting raw i

material earth mixed with a stabilizer Interlocking Block e
such as cement or lime under a pres-
sure of 20 - 40 kg/cm?2 using manuadl

soil press.

Makerere University in Uganda, East Africa. The
manual ISSB machine is manufactured in Kenya.
ISSB blocks are used for the construction of build-
ings, latrines, wells, septic tanks, and water tanks

BAMBOO

Currently rare, but on an incline fo-
wards local production, bamboo de-
livers more usable fiber, faster than
any conventional softwood.

For wall construction for this bamboo house in
the Philippines are used wall panels, assembled
from split bamboo grids and chicken steel mesh
and plastered with cement mortar. Bamboo
houses when properly constructed are ductile
l.e. being able to sway back and forth during an
earthquake, without any damage to the bam-
oo poles

INDUSTRIAL

REINFORCED CONCRETE

A reliable building system - if its done correctly. It has histori-
cally not been constructed properly in Haiti, by every mea-
sure. To rebuild with concrete in developing countries would
require widespread training and the introduction of quality
control.

STEEL

A durable, well proven material for building in seismic zones.
Steel is much more flexible cost effective than concrete but
not cost effective for developing countries such as Haiti

STRUCTURAL LUMBER

Is now nearly exotic in a place like Haiti. Wood buildings per-
form well in earthquakes and badly in fires. Most importantly,
large fires occur more frequently than earthquakes.

Elevation Section

MATERIAL THERMAL MASS
by heat capacity ratio J/(g-K)

BAMBOO 1.2

REINFORCED CONCRETE
0.880

ISSB 0.835

CONCRETE
DEBRIS 0.790

EMBODIED ENERGY
J(gK)

BAMBOO 1.78

REINFORCED CONCRETE 1.3

CONCRETE DEBRIS 0.79

ISSB 0.42

urban syste

land use/land rights

=

public space/street life

infrasturcture

SYSTEM BARRIERS SYSTEM SOLUTIONS

The re-use of concrete debris is
hugely problematic. More work
must be done to characterize
the recycled materials, and test
additional performance param-
eters. Compressive ratios need
to be exactin order to be sustain-
able

Component Quantity (ka)
Coarse aggregate (12-25 mm) 5415
Midsize aggregate (2. 3625 mm) 1415

Fine aggregate (1.2-0.15 mm) 3120
Fortland cement 1.800
Water 1.080
Compressive strength (MFa) at?

1 day 7.4 (0.9)
3 days 144 (1.2)
28 days 283 ([3.1)

a Mumber in parenthesis: standard deviation.

The quality of the block depends
on the properties and mix of soil
types, the amount of force ap-
plied for compaction, and the
addition of chemical or natural
products to further stabilize and
strengthen the blocks. Because of
the climate ISSB might not have a
very long lifespan due to lack of-
weatherproofing and thermal ac-
tivity

Dimension
(LxWxH}(cm) 265x14x10am 40x20%20m

Walght %) 8-10kg 12-14 kg
Blocks needed to " 10
maks up a sq.m.

Density (kg/m3) 1700 - 2200 1700 - 2200

Bamboo cultivation appears to
be the best target for a “con-
struction agronomy” strategy.
Once cut, insects may atftack
bamboo or wood. For that rea-
son it is highly recommended
that bamboo, once cut go im-
mediately through a special im-
munization and drying process.

Steel reinforced bamboo brace
panels are used in each build-
ing and then bolted securely to
engineered foundations. But as
a result of this system, steel is ex-
pensive to import and bamboo
becomes weak, both issues that
Haiti cannot withstand.

RuesLe/Rice AsH HYBRID
Rice hull ash is a by-product
of the rice processing indus-
try that is either burned in the
field or goes directly to land-
fills. When burned at low tem-
perature it is an outstanding
pozzolan, extensive mate-
rial testing has demonstrated
that it can replace up to 90%
of imestone in addition to be-
iINng used as biomass to gener-
ate electricity.

Adding the ash makes con- 8 x 16 FACE OF A TYPICAL CONCRETE BLOCK WITH RICE ASH
crete stronger and more re-

sistant to corrosion.

Cos ConsTtrucTiON/ RE-

CcYCLED RusBLe HyYBRID
Involves packing a moist
earthen mixture by hand _
into walls; no formwork is re- ! ’i
quired.

-Laborious but easy
-Time consuming but
well proven

Reinforcing can be woven | o |
or placed into the wall as it e ST 0 Gt A
goes up. Most modern cob bty
buildings have curvilinear
walls, which give inherent
strength to the structure and
diminish the strength require-
ments on the material itself.
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Cos/BamBoo HYBRID
Bamboo Houses are de-
signed to exceed seismic
and hurricane requirements
of international building
codes. Infense research has
resulted in a significant in-
crease in strength and du-
rability. It has also extended
maintenance intervals com-
pared to other traditional
approaches.

34% of all construction comes from the U.S.

Compressive Strength 2.1% - Excavating Machinery
PSI

3,000+ psi

BAMBOO
1305 psi

SUBSTANDARD
CONCRETE
1,300 psi

ISSB
1200 psi

CONCRETE DEBRIS

1.9% - Special Purpose Equipment
30% - Imported Material

4.5% comes from China

@ 23.1% comes from Dominican Republic

10.6% comes from Venezuela and Chile

“if we ignore sustainable and seismic building standards”

13% - comes from the U.S.
4.5% comes from China

60% is local material @ 16.9% comes from Dominican Republic

“if we reconsider sustainable structural systems”

5.6% comes from Chile
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