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1. Don't build next to a steep slope: stones might fall on your house.
2. Don't build next to a precipice: it might break off.

3. Don't build next to a retaining wall: it might break away.

4. Don't build on stilts: they will fall over during an earthquake.
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A house must have a simple form.
If necessary, divide it into rectangular parts.

A house must not be longer than 3 times its width.
A light, pitched roof is better than a heavy concrete slab.
Don’t build higher than 2 floors.

Don’t build on columns. Columns are weaker than the walls and the
house will twist and collapse during a quake.

1. Site selection and form of house




At wall ends

Width of opening
maximum 1/2 L

Max. 15 ft

Max. 15 ft

Minimum 3 ft

1. Tie-columns are placed where walls meet and where walls end. 4. Solid full walls without windows or doors are stronger. Build as many

2. Connect walls to cross-walls at least every 15 feet. full walls as you can and distribute them evenly across the house.

3. Avoid long walls without cross-walls. If you make a big room (not more . Maximum width of openings is half the distance between columns.
than one per house) add a cross beam to connect the central tie- 6. Leave at least 3 feet between opening and tie-column.

column of the long wall to the opposite wall.
If the house is covered by a concrete slab, the cross-beam is not
necessary.

2. Basic rules
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Bend hooks at
45 degrees

Such hooks will
open during an
earthquake

For thin columns,

1. Calculate length of the vertical rebars from the bottom of the
foundation up to the top of the bond beam. Add 2*-6” for connection
above the slab and 1 ft for the footing.

2. Verify that #2 rebars for stirrups really do have %" diameter,
otherwise use 8mm bars.

3. If you don't plan to leave the rebars stick out of the roof for future
construction, bend them horizontally into the bond beam.

N ai use double-sided
N gig stirrups =
1 f 4;5‘
t

. Distribute the stirrups as shown. First and last at 2” from plinth and

bond beams, then 4 stirrups at 4” spacing, then the rest at 8” spacing.

. Bend stirrup ends at 45 degree angles
. In thin columns of less than 8 inches use double-sided stirrups to

leave enough space for the concrete to go down correctly.

. Alternate the position of the hooks or the double sides of the double-

sided stirrups.

3. Column reinforcement
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Dig the trenches 3 ft deep and 2 ft wide on hard soil (2’-6” on soft soil).
On soft soil make a 4” bed of concrete with three #4 rebars in it.

Place the column reinforcement on this bed of concrete (on hard soil
make independent 2” beds of lean concrete just under the columns).
Build the foundation using stones and concrete.

Let the top of the foundations be 6 inches above ground.

4. Foundations

o

If you have to interrupt foundation work, leave a slope with stones
sticking out.

Leave a gap of 2” around the reinforcement to ensure the passage of
concrete and that stones are not touching the rebars.

Sewage pipes must not go through the plinth beam.

Place a bigger pipe into the foundation to leave a passage for the
sewage pipe. Never use a crushed concrete bag for this!



Stirrups
#2 (D 1/4")

Wall
thickness Width of
. |4 & ,—1_l next plinth
E : = Spacers
7 e make a mould 1 %" high
fill with mortar

[ ]

e stick in the wire loops

e cut the mortar with a trowel,
into pieces of 1 ¥4” x 1 4"

Add spacers
on all sides

o
1. Plinth is 9 inches high and as wide as the wall above. 5. Prepare spacers as shown above.
2. Prepare the plinth reinforcement with stirrups at 6” spacing. Bend the 6. Place the spacers under and on the sides of the plinth reinforcement
lengthwise rebars only on one end. every 2 to 3 feet.
3. If the plinth continues, leave 2’-6” overlapping length after the 7. Spacers are important to ensure that the steel rebars remain in the
columns. right place and are well covered with concrete. Concrete protects
4. Place the plinth reinforcement between the columns. rebars against rust so that they maintain their strength.

5. Plinth beam
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Not around
inner corner!

1. Connect the beam reinforcement by inserting the ends into the next 4. On T junctions, insert 4 L-shaped connection bars (top and bottom)
beams. and fix them against the outer rebars.

2. Overlapping lengths for #4 rebars must at least be 2’- 6. 5. Never bend connection rebars around inner corners.

3. Prepare L-shaped connection bars with side lengths of 3 ft. 6. Atthe corners add 2 external connection bars (top and bottom) and

fix them against the outer rebars.

6. Plinth and bond beam connections




12"

Soak bricks
before use

Flamish bond
is better

Toothing
towards
tie-columns

Avoid continous
vertical joints

1.

2.

Use good solid bricks or blocks. Don’t use hollow blocks or light bricks
with this building method.

To ensure a good connection with the mortar, all bricks or blocks must
have holes or ‘frogs’, even concrete blocks. This is a small but
important detail!

Walls must not be higher than 12 times their thickness: that is, for
every inch of thickness one foot of height.

4.
5.

6.
7.

Soak the bricks in water 5 hours before use.

Use a Flemish rather than an English bond. The number and the
thickness of joints are more regular.

Avoid continuous vertical joints.
Wall ends towards tie-columns must be toothed.

/. Masonry




Mortar Concrete

e Cement: 1 part e Cement: 1 part

e Sand: 4 parts 1p e Coarse dry sand 2 parts

Mix while dry, only = e Crushed gravel 3/4”: 4 parts

then add water e Water: 1 part
[

1. Mortar beds and joints must not be thicker than % inch.

2. Keep end bricks 1%2” away from the stirrups to leave room for the
concrete of the tie-columns.

Don’t build higher than 4 feet per day.
4. Protect the wall in warm weather with a plastic sheet or wet cloth so

w

the mortar will not dry out. 8.

8. Tie-columns

o o

Clean the column space of all rubbish before adding the formwork.
Pour the concrete for the bands and the columns at the same time.

7. Compact the concrete vigorously with a stick to get the air pockets out

of the mix. Also, hammer against the formwork to compact the
concrete. Don’'t add water to make concrete ‘go down’.

Water the concrete twice a day for at least 3 more days. Cover with a
plastic sheet in summer or in a dry climate.




Lintel band

Bond beam
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Continuous
lintel band

Roughen up
the top surface
of the bands

Stirrups @
1/4” every 8”

Seismic band
reinforcement
bent 1 ft into the
column

I

. Place a seismic band at sill and lintel level, even if there is no window.

Maximum distance between bands is 4 feet.
If a window is higher, let the lintel band go through.
. Seismic bands are only 3” high

No ok

Bend the rebars into the columns (1 foot long).
Place the form work for the bands.
Pour concrete for the bands and the columns at the same time.

Roughen up the top side of the concrete band to increase adherence
of the mortar for the wall above.

9. Seismic bands




Stirrups
#2 (D 1/47)

Footing
under
stirrups !

Plinth beam

1. All windows and doors are framed by vertical concrete bands.
Vertical bands are at least 3" wide.

3. Introduce the 1 ft footing of the vertical rebars carefully under the
stirrups of the seismic bands.

4. Small windows up to 3 ft wide: the normal 3” high seismic band can
be used directly as lintel.

N

10. Windows and doors

o

Bigger windows 3 to 7 ft wide: minimum lintel height is 6 inches.
With bigger windows, increase the lintel support area to 8 inches.

For doors, don't forget to place the vertical band reinforcement into
the plinth reinforcement before completing the plinth.




With concrete:
strong

Without concrete:
weak

|
|

Double
number of
stirrups in
overlapping

zone
7

Rebar
ends with
hooks

Overlapping
length with
hooks

. Prepare bond beams with stirrups at 8 inches. 4. Tie-columns and bond-beams must be well embedded in concrete to
. If you don’t plan to add another floor, bend the rebars into the bond ensure a strong connection.

beam to ensure a good connection. 5. Add also hooks to the rebars of the added columns. With hooks on all
. If you leave vertical rebars for a future floor, end all rebars with hooks. rebars, the overlapping length can be reduced to 2 feet.

11. Bond beam —tie-column connection



Span L is the
shortest distance
between two
opposing walls.

Steel reinforcement (rebars):

Primary rebars are those
put in the shorter
direction (span). They

are placed first.

Secondary rebars
are put on top of
the primary re-bars.

Table 1: Reinforcement bars

. Look for the shorter span of the biggest room. This will define the slab
height of all rooms, even if smaller rooms would need thinner slabs.

. Calculate the slab height and the reinforcement bars according to
table 1.

. Where upper reinforcements is needed (see next page), use the
same rebar diameters and distances as for the lower one.

12. concrete slab: dimensioning

. Slab

Span L height h Primary

Secondary

Upto 8-0" 4’

#3 (23/8") @ 6"

#2 (21/4") @ 10

8-1"-10-0" | 5

#3 (23/8") @ 6"

#2 (21/4”) @ 10”

101_ 1!1 _ 121_ Ou 6!1

#3 (23/8") @ 8’

8 mm or #3 (33/8") @ 12"

12-1"—14-0" | 7

#3 (23/8") @ 8’

8 mm or #3 (83/8") @ 10"

14-1"-15-0" 8"

#4 (D1/2") @ 8”

8 mm or #3 (J3/8”) @ 10”




Placing the rebars:

Additional
rebar

Upper rebars for continuous slabs:

Prepare mud
dams to keep
water for curing
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Concrete 17
Rebar end e Cement: 1 part —
hooks can look e Coarse dry sand 2 parts |<_
up or down e Crushed gravel 3/4”: 4 parts Come———%\{ "
e Water: 1 part & - 2 ]
- T g 3
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. Make sure your form work for the slab is watertight. If necessary fill
the cracks with mud.

. Create a water drip by nailing triangular lists along the edge of
overhanging slabs.

. Place additional rebars into the bond beams to receive the hooks of
the primary bars.

. Place primary rebars in the direction of the shorter span.

Place 1 ¥4” spacers under the primary rebars every 2-3 ft.
Add secondary rebars.
Add top bars where necessary and place them on chairs.

Pour the concrete and cure it (keep humid) for 2 weeks. To keep the
water on the slab, make small dams with mud and sand.

9. Take off form work after 3 weeks only.

© N o O

13: Concrete slab: construction



Rebars coming out of the slab must be cast in lean concrete to
protect them against rust. Otherwise they cannot be used later in
columns.

. Terrace walls must be confined like any other wall, or they will fall on
people during an earthquake.

For security reasons low walls must be lower than 3 ft.

14: Roof

o

In a hot climate, add a shade roof. The house will remain cooler.

In arainy area, add a CGlI sheet roof. It will protect the house against
rain and provide shade in hot periods.

Use the column rebars to fix beams or pipes.

You can also make a house without a roof slab and fix the CGI sheet
roof directly over the bond beams.




Solution 1: Seismic gaps between buildings

Keep a good
distance between
buildings

Solution 2: The crush-zone principle for one storey buildings

Add a light

To allow for
sliding, fix roof
with bent rebars,
not bolts.

1. If buildings are too near, they will hammer against each other during
an earthquake.

2. Therefore keep a good distance between buildings to avoid damage.

3. If you want to connect buildings, put a room in between where people
stay only for a short time, like a deposit or a toilet.

4. Fix the roof with bent rebars instead of bolts, so it can slide slightly
during an earthquake.

5. Don't put walls in between, but against the buildings. This way they
can slide during an earthquake and fall away.

15. Adding more rooms (detached)




Intermediate
connection

Double
structure

arwnNPE

Open carefully the corners and intermediate connections.
Prepare 8 anchor bars for every connection.

Prepare foundations for additional rooms.

Place column and plinth reinforcements

Add anchor bars as shown: one end around the vertical rebars above
and below each stirrup, the other end into the plinth beams.

16. Adding more rooms (attached)

. Cast the plinths and make sure that the holes broken out of the

original columns are filled well with concrete
Build the walls and cast the tie-columns.
Note: The final structure will be doubled where the new rooms meet

" the original building.
9. The new house must maintain a simple shape (see page 1).




Link all
re-bars with

alternating
stirrups

Shops are dangerous structures when it comes to earthquakes. Their big
windows weaken the building and internal walls are often too long.

1. Reinforce the sides of the shop windows with 2 ft large RC columns.
2. Subdivide the long walls by introducing perpendicular walls.

17. The shop window problem



Soil test Sand test (proper method)
P J |

Sand must be clean,

without dirt or salt on it.
Otherwise wash it well.
Avoid using sea sand.

Sand test (simplified method)

Soil test: Sand test (proper method):
Fill 1/3 of a bottle with soil from the bottom of the foundation. Add one Put some sand in a bottle, fill up with water and shake thoroughly.
spoon of salt and fill another third of the bottle with water. Shake and Leave 15 minutes to settle. If the water remains rather clear, sand is
let deposit for 24 hours. okay. If the water remains dirty, the sand is not useable.
If the bottom part (sand) is half of the volume, the soil is sandy. Sand test (simplified method):
If the central part (clay) is half of the volume, the soil is clay. Take a handful of sand. If your hand remains rather clean, the sand is

okay. If the hand remains dirty, the sand is not useable.

18. Material testing




Aggregates (gravel):

e Gravel should be “crushed”. Round
gravel from rivers makes a weaker
concrete.

e Gravel should be “graded”. Don’t
use only %" size stones, but mix
them with smaller ones. These
smaller stones will help to fill the
gaps between the stones and make
a better concrete.

Smaller
stones in

Water:

e Concrete does not “dry”, but needs
water to become hard. That's why
concrete needs “curing”. That is,
you have to put water over it once
the concrete is already a bit hard
(after some hours)

e But too much water makes your
concrete weak. Don’t add water to
make the concrete go down into the
column formwork.

e Never “refresh” dried concrete by
adding water. Dried out concrete
must be thrown away.

Concrete that
pours through
your fingers is
too wet.

Slump test

Steel cone
open on
both ends

Concrete curing times:

Days Strength at 4°C Strength at 20°C
4 20% 40%
7 40% 65%
28 77% 100%

Slump test:
Fill half of the cone with concrete and compact with the stick. Fill the
second half and compact again.
Lift the cone vertically off the concrete without twisting.

Measure the difference in height between the cone and the slump.
4” of difference is about right for concrete work. If the slump is higher
than 5”, the concrete must not be used (too much water).

19. Notes on concrete




Technical specifications:

1. Use deformed (rippled) bars (oI o o oo e e 2
except for stirrups which may
be smooth.

2. The following specifications must be followed:

e Steel quality: ductility class A, fy 420 N/mm2
e Concrete quality: fc 30 N/mm2
¢ Admissible live load: (200 kg/m2 or 40 psf) 2 KN/m2
e Concrete cover (unified for all situations): 1 v4” (30mm)

Rebar conversion table

Nr. Inch Metric in mm replace with
#2 1/4” (6.35) 6 mm
(no imperial equivalent) ~_______---- 8 mm
#3 3/87 4" (9.52) 10 mm
#4 1/2” (12.70) 12 mm
#5 5/8” (15.87) 16 mm

If an 8mm rebar is required but unavailable, replace it with 3/8”.

20. Technical specifications
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