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5

Peru is located in a
seismic area.  From
time to time
earthquakes occur
which affect
inadequately
constructed houses,
causing major
damage and in many
cases partial or total
collapse.

In this booklet we
will show you how
to build earthquake-
resistant houses.
Remember the
importance of
consulting a Civil
Engineer before
preparing your
drawings and
constructing your
house.

INTRODUCTION
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1   Natural hazards in Peru
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CHAPTER

NATURAL HAZARDS 1

Many regions of our country are
vulnerable  to natural hazards
such as avalanches, floods or
earthquakes.  It is important to
understand the effects of these
natural phenomena to decide where
and how to build safe houses.
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What type of damage can earthquakes produce?
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2    Earthquakes
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Earthquake risk is not the same in all
locations.  That is why the National

Construction Code has divided Peru in
three seismic regions.  The region of

greatest seismic risk is the coast.

Earthquakes can produce significant damage
to inadequately designed and constructed
houses.  For example, parapets can fall,
window glass can break or walls can crack.
Houses with severe structural problems can
collapse, causing major material loss, serious
injury to its occupants and even the
regrettable loss of lives.
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1     Adequate locations
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2    Inadequate locations
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THE EARTHQUAKE-RESISTANT HOUSE
CHAPTER

 2

Safe places to build houses are those located
far from areas where natural hazards
may occur.  The best location is flat
terrain, with stable and strong
ground consisting of rock or gravel.

C*>CDD
EFG>*HF8* IDJA8E

>F8K8*LGM*NMEH*9GH
OMCDP*LGMK*FGME8

O8AJME8*CH*CE
*PJ9Q8KGME
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THE EARTHQUAKE-RESISTANT HOUSE
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Recommendations

Walls confined by beams and columns resist earthquakes.  If  you want your house to be

earthquake-resistant, we recommend that it should have the greatest possible quantity of

confined walls in both directions.

Partition walls, made with lightweight hollow clay tile, are used only to separate rooms inside the

house.

3   The earthquake-resistant house
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A confined brick masonry earthquake-resistant
house is designed and constructed so that
its walls are able to resist earthquakes.
Its plan view must be simple and
symmetrical.  Its bearing walls
must be well constructed
and must always be
confined by reinforced
concrete columns
and beams.
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4    Layout of an earthquake-resistant house
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If you want your house to resist earthquakes successfully, your design must have a
good shape and an adequate distribution of walls.
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THE EARTHQUAKE-RESISTANT HOUSE
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5   The unsafe house
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6   The safe house
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7    Components of the Building Utilities

L59!4R<OEEAS#<S<9!8

A well conceived house should have functional
electrical and plumbing utilities. Here are the
main components for each installation process.
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8D8AHKCAJD* AGNIG989HE* C9
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HG*IK8\89H*D8JZE7
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1   Drawings and permits (or other administrative procedures)
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Before starting work, clean the ground well.
Remove all trash, construction debris,
organic material and loose soil.

2    Cleaning and leveling the land

Once you buy your parcel of land in an
adequate location, you must design your

house.  If it is possible, get advice
from an engineer or an architect for

the design of the house and the
drawings.  You can approach your

local municipality to obtain help
with your drawings and to
 find out if your house can

also be used for a
business. Remember that

the construction of your
house must be formalized

by registering it in your
town hall.

CHAPTER

CONSTRUCTION OF A SAFE HOUSE 3
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Leveling the land

The construction site
must be level, and
above the drainpipes
for your area.
To level the site
you must cut and
fill the ground, so
that ultimately it is
completely flat at the
required level.
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Cut and fill
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After marking all
the stakes,
measure on
each one the
distance between
the mark and the
level of the
natural terrain.
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The layout is used to show the position
on the ground where the foundation
of your house will be constructed.
Construct several guideposts from
wood stakes. N0#1%;(&,&

A(2!,%*,.%*2%$,%)*(-*%!2.
-((,#$5*!$1*%U,%$1*&,)#$5&
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@

3   Layout

20
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Recommendations

Hard soils such as rock or gravel are the best foundation soils.  Gravel is made up of different size

stones and course compact sands.  Sometimes it is difficult to excavate these soils with a shovel and

you have to use a large drill.

Find out about the footings of nearby houses.  If nearby houses have settled under their weight, then

your foundation should be wider and deeper than that of your neighbors.
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Construct stepped footings

when the terrain is sloped.

Stepped footing

Continuous footing

In the following drawing you can
see the minimum required
footing dimensions.

4    Construction of the Foundation
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You can do this simple test.

If your soil is not gravel or rock, how can you recognize what type it is?

9.%*#$$%)*&#1%&
(-*,.%*,)%$2.%&
+0&,*<%*!&
"%),#2!6* !&
;(&&#<6%7

9.%*<(,,(+
+0&,*<%*6%"%6%1/
26%!$*!$1
4#,.(0,*6((&%
&(#67

9.%*,)%$2.%&*+0&,
*<%*26%!$*!$1*-)%%*-)(+
*!$=*()5!$#2*2(+;($%$,&7

Excavating the foundation trenches

If it is difficult to

level the bottom of

the trench, you can

pour a poor

concrete mix

(1:10) so that the

bottom of the

 trench is level.

Q#5*!*.(6%
*****#$*,.%
5)(0$1*_

*+%,%)*1%%;
*!$1*,!3%*(0,*!

&!+;6%*(-
&(#67

C-*+()%*,.!$*.!6-*#&*&!$1/
,.%*&(#6*#&*<5$QS

C-*+()%*,.!$*.!6-*#&*26!=/*,.%
&(#6* #&#IA5S

IDJL
<J9P
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Dig out the
 foundation

trenches using the
chalk marks as

guidelines.
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_*h*`*2+

)%
&,
*h

*g
`
*2
+

_*h*`*2+

c*h*_b*2+

c*h*_b*2+

g*h*_`*2+

:((,#$5

Before pouring the footing

Placing installations

Always leave some

tolerance in the

footing so that pipes

are not trapped.

Wetting the
trenches

L%,*,.%*,)%$2.%&*<%-()%
;(0)#$5*2($2)%,%*-()*,.%
-(0$1!,#($7

Recommendations

You can leave holes in the foundation for the pipes, using larger-diameter pipes.  Before pouring

concrete for the foundation, fill  the pipes with sand and seal them temporarily.

Never leave sand bags in the foundation to provide holes for crossing pipes.
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Standing column reinforcing bars

Assemble the
reinforcing bars for
each column.  Then

stand the assembly in
place where the column

will be.  On page 26
you will find details.

9(*!&&0)%*,.!,
,.%*&,%%6
!&&%+<6#%&*!)%
!64!=&*"%),#2!6/
-!&,%$*,.%+*4#,.
i*e*4#)%7

**E6#$,.

I($2)%,%*&;!2%) *g`*2+

9.%*&,%%6*<!)&*(-
,.%*2(60+$&*)%&,
($*,.%*<(,,(+*(-

,.%*-(0$1!,#($*!$1
+0&,*<%*<%$,*4#,.

!$*!$2.()!5%
6%$5,.*(-*g`*2+

_`*2+*+#$#+0+

_`*2+*+!U#+0+

_b*2+*+#$#+0+

Have the utilities and plumbing for your
house ready before laying the foundations.

The pipes must never pass through any
reinforced concrete element such as

columns, beams or roof joists.

Pipes crossing continuous

footings must have a diameter

less than 15 cm (6 in.)

Tolerance

_`*2+*+#$#+0+

If it is necessari for pipes to

pass over the footing, try to

make sure  that all of them

cross at the plinth.7
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Steel reinforcement
in the plinth

4%+%+<%)*,.!,*,.%*2($2)%,%
+0&,*$(,*)%+!#$*)(,!,#$5*#$*,.%

+#U%)*-()*+()%*,.!$
*[*+#$0,%&7

_b*2+

It is better if you rent a small-capacity mixer to
prepare concrete.  This will help control quality
and save materials.  Pre-assing the people
who will help you mixi and pour the concrete.

Pouring concrete for the foundation

E(0)*2($2)%,%*-()*,.%*-(0$1!,#($
4#,.*4.%%6<!)(4&7*J&
;(0)#$5*2($,#$0%&/
1)(;*<#5*&,($%&
#$*,.%
-(0$1!,#($
,)%$2.%&7

M%*2!)%-06
,(*%$&0)%*,.!,*%!2.
&,($%*#&*2(+;6%,%6=
2("%)%1*<=*2($2)%,%7

24

>#>Z?*<023%,&*(-
4!,%)

>#<023%,*(-*2%+%$,

I'+7.*/*#J'.#/)*#J'1+;-/%'+

>[*<023%,&*(-
!55)%5!,%

@[\##$*"(60+%*(-*<#5
&,($%&*S+!U#+0+*&#j%
_b*#$7T

W(0$1!,#($&*!)%*+!1%*(-*&#+;6%
2($2)%,%7

8 #$ #+0+
[b*2+

_b*2+

<6!<*($
5)!1%

C-*=(0)*&(#6
#&*&!$1=*()
26!=#&./* #,
#&*<%,,%)
,(*;6!2%*&,%%6
)%#$-()2%+%$,
#$*,.%*;6#$,.7

Q(*$(,*;6!2%*<#5*&,($%&
$%!)*,.%*2(60+$&7

D%!"%*!;;)(U#+!,%6=*[b
2+*($*%!2.*&#1%*(-*,.%

2(60+$*-)%%*(-
<#5*&,($%&7

*eb*2+

E"%+/)#H*-,

k*#$7
&,#))0;&*%"%)=

gb*2+

8#$#+0+
)%#$-()2%+%$,
c*l*[me*#$7



NATURAL HAZARDS

Concrete for the plinth

I'+3/.17/%'+
]'%+/3

When you finish pouring concrete on the plinth,
scratch the upper surface with a nail so that

the mortar of the first layer sticks well.

You can hand mix the concrete for the plinth.  Clean a flat area where the mix will be
prepared.  A concrete floor is desirable.  Mix the dry materials and then add water.  If the
mix is not workable, you can add a little more water.  Wet the forms with water before
pouring.  To pour the concrete you can use buckets or wheelbarrows.  Remember not to
place big stones in areas near columns.

The plinth
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Reinforcement
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5    Column rebar assembly

Dimensions
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Minimum reinforcement
for columns is 4 j 3/8 in.
steel bars.  Column
stirrups are ! in. and
have to be placed with
the following spacing:
1@ 5 cm + 4 @ 10 cm
+ the rest @ 25 cm on
each end.  The distances
between stirrups are
measured starting
from the plinth upwards
and from the collar
beam downwards.
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Rebar splices in columns

Recommendation

Never weld steel reinforcing bars.

Never lap splice 4 bars
in the same-cross
section along the
column because this
weakens the column.
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Recommendation

Always use fresh mortar.  Do not use mortar that is starting to harden.

The mortar

6   Walls

Preparing the bricks

The day before building the walls,
clean the bricks and water them
for 20 minutes. Then,
let them rest.
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First course
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L((1%$
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To prepare
mortar use one

bucket of
cement  with 5

buckets of
clean coarse

river sand.
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Before setting the first layer, place the
bricks without mortar to determine
the brick setting pattern.
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Constructing the wall

Use the
plumb-bob

at every layer
 to make sure

 the wall
 is vertical.

Level
control

E"-7%+F#/)*#H.%723

E"-7%+F#/)*#,'./-.

#####B!$1
*6%"%6

E60+<R<(<

For the construction of the first course, place mix uniformly
over the plinth using a bricklayer’s trowel.  Set the
bricks over the mix and verify that their edges touch
the strings that connects the guide bricks.
To set successive layers, place the mix over the
immediately below and fill the vertical joints completely.

Horizontal and vertical
joints

9(*<%,,%)*&%,*,.%*<)#23
.#,*#,*6#5.,6=*4#,.
,.%*.!$16%*(-
,.%
,)(4%67
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Do not leave joints
more than 1.5 cm thick.
Joints that are too thick
will weaken the wall.

9)(4%6
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VVVVV

Daily progress

Do not raise the wall more than 1.20 m high each working day.  If you raise a greater
wall height, it might fall because the mortar mix will still be fresh.

Column-wall connection

If you decide not to leave a toothed wall
edge, place 2 # 8 wires every two layers

anchored 50 cm inside the wall.

Leave toothed edges at the sides
of the wall next to every column to
provide adequate confinement for
the wall.

`b*2+
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Electrical installations in the walls

i_p*>#)%

g`2+

*ie*>#)%

Drain and ventilation pipes

:#66*,.%*-!6&%
2(60+$&*4#,.
_Bp*-60#1*2($2)%,%7

D0,6%,

Embed electrical conduit inside false columns
that are formed between toothed walls,
without steel and filled with 1:6 concrete.

!6%2,)#2!6* &4#,2.E#;%

Embed the drain and ventilation
pipes inside false columns that are
formed between the toothed walls.
Place #8 wire every three layers
and wrap the pipes with #16 wire.

 98\8K
>8JZ89*HF8

*>JDD*OK8JZC9Q*CH*HG
IDJA8* 8D8AHKCAJD

AG9PMCH*GK
JAA8EEGKC8E
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7    Pouring concrete in confining columns

After the walls are built, attach formwork to the walls for the confining columns.  It is
better if you use a portable concrete mixer to prepare concrete for columns. Use buckets
to carry the concrete mix from the mixer to the upper part of the formwork.
Carefully pour the concrete inside the forms.

Formwork and pouring
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Curing

Formwork removal

Recommendation

If a column has a large number of voids,  immediately break and remove the concrete, carefully clean

the steel bars, replace the formwork and pour again the concrete again.
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I0)%*%"%)=
2($2)%,%*%6%+%$,
-()*!,*6%!&,
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Cure concrete after removal of the
forms from the columns.  Curing
consists of watering the concrete
elements at least 3 times a day to
improve hardening of cement.

After pouring concrete into the columns,
leave the forms up for 24 hours.

  Then carefully remove the forms and
use them again for other columns.
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Deep beams

8   Confining beams

The confining beams of your house are
important because they help confine the
walls.
Collar beams are the beams on top
of the walls.

8#$#+0+*)%#$-()2%+%$,*(-*!66*<%!+&*#&B*c
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Deep beams are used to resist
the weight of partition walls or
of the roof.  They transmit the
load to columns and walls.  The
depth of this beams is greater
than the thickness of the slabs.
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Stirrups are measured from the inner face of the wall.

Minimum concrete covering for deep beams is 3 cm measured from the stirrup and for flat beams is

2.5 cm

Recommendations

Flat beams

Be careful when you splice
reinforcement bars in
beams.  Upper
reinforcement bars must be
spliced at the center of the
beam span.  Lower
reinforcement bars must
be spliced near the ends
of the beam.

Rebar splices in beams

Flat beams are inside the
slabs and help to
transmit the weigh of
partition walls to the
columns and bearing
walls.  It is better not to
have flat beams longer
than 4 m.
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3(-+3#1(#/'#@#,
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Ds[ Ds[ Ds[

Free span

Upper rebar splice: at the

    center of the free span

Lower rebar splice: at the first or third part

of the free span.
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Spacers for beams

Beam-column connection

Q%,!#6*(-*;6!$*"#%4
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*#$*<%!+&*.!&*,(*<%*_`*2+

Carefully place reinforcement bars at
beam column intersection.  When you
pour concrete in these areas, vibrate
concrete extensively with a rod so that
no air pockets are formed.

In case the beam is not continuous,
bend the steel bar horizontally.

To keep beam reinforcing bars in horizontal position,
place mortar cubes 3 cm side under them.
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Incorporating lintels into the beam
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Door and window openings should go up to collar-beam level. Here are three ways of
making lintels over these openings.
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Pouring of beams

$'#b

Beam rebar assembly

Place the steel reinforcement bars of the collar
beams on top of the walls after removing the
formwork from the columns.

All beams (collar, deep and flat) and lintels
are poured simultaneously with the slabs.
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Pipes/Plumbing in beams

Never bend beam rebars to pass drainage pipes.
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<,%%6*)%<!)
*-()*,%+;%)!,0)%

$Db#*H%+;%)!,0)%*&,%%6*)%#$-()2%+%$,*+0&,*$(,*<%
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Slab components

Lightweight slabs are formed with parallel
reinforced concrete joists spaced at  40 cm.

Hollow bricks 30 cm wide and 15 cm
high are placed between
the joists. On top of this,

 a concrete slab 5 cm
 thick is poured.

O&%*6#5.,4%#5.,*&6!<&
gb*2+*,.#23*-()*)((-&
0;*,(*c7`*+*6($57
H.%*'(#&,&*!)%*;6!2%1
;!)!66%6*,(*,.%*&.(),%&,
&;!$*,(*<%*2("%)%1*<=
,.%*)((-7

Component dimensions

The hollow ceiling bricks must be perfectly
aligned and the slab has to be level.

Temperature steel
reinforcement

To prevent cracking of the upper
slab due to temperature effects, you
have to place 1/4 in. steel bars
every 25 cm, perpendicular to the
joists.

I)%;!)%*+(),!)*20<%&
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9   Lightweight slab
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Slab formwork

$%"%)*&0;;(),*6#5.,4%#5.,
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Recommendation

Never use inadequate materials such as cement bags, bricks or cardboard as formwork.

If you do, concrete elements will be distorted.

NO YES

Prepare slab formwork with wooden boards at least 1
in. thick for each joist bed.  Support the boards over
2 in. x 4 in. wooden beams which rest upon

vertical wooden 2 in. x 3 in. posts.
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Connection between confining beam and joist rebar

Splices of joist rebars

If you have to splice the lower reinforcement bars in

a joist, do it in the extreme thirds of the free span.

Tie joist upper reinforcement bar to confinement beam reinforcement with #16 wire.
_b

*2
+
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_le*++
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_l*e*++ _l[me*#$7

< >

_l[me*#$7

< >
<;!$*y*[*+ <;!$*y*[*+

b7[b*+ b7[b*+

_l*e*++

Recommendations

If you have to build lightweight with long spans, consult an engineer.  Lightweight slabs of great

spans must be adequately designed to ensure their strength and safety.

Steel reinforcement necessary for each single
span joist in a 20 cm lightweight slab system

Steel reinforcement necessary for each two span joist in a 20-cm
 lightweight slab system
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Pipes in lightweight slab

Recomendation

Find out in your area which entities provide public water and drainage service as well as electric

service and ask about the procedures you must follow so that your house can have connection to the

public water and drainage system and access to an electrical connection.

Water and drainage pipes must not cross lightweight slab joists.  Pipe paths should be
parallel to roof bricks alignment.
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Before pouring the slab
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Temporarily block the pipes
 with a lid and leave open only one end.

 Fill the pipe with water and after 4 hours
 verify that all pipe connections are dry and that

 there has not been any water leakage. In water
 pipelines, it is advantageous to make this leakage test

 under pressure.

Before you pour the concrete slabs, verify that all water and drainage pipes do not leak.
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Fill the lightweight slab and beams simultaneously because it is important that they work
together.  Start pouring collar beams, then joists and finally the upper slab.  It is better
you rent a mixer. This will help reduce the pouring time for your slab and save materials.

Pouring slabs and beams

C,*#&*1%&#)!<6%*,(*0&%*!
"#<)!,()*10)#$5*;(0)#$5*(-

*&6!<&*!$1*<%!+&7**C$*2!&%*#,*#&
*$(,*;(&&#<6%/*2!)%-066=*0&%*!

)(1*,(*+!$0!66=
*"#<)!,%*,.%
*2($2)%,%7

O&%*<023%,&*,(*2!))=*2($2)%,%
-)(+*,.%*+#U%)*,(*,.%*<%!+&*()*&6!<&7

Recomendation

Once the concrete slab is finished, the formwork must remain in place to support the slab for

at least 14 days.

45

E(0)*,.%
2($2)%,%
2!)%-066=

*!$1*,)=*$(,
,(*&,%;*("%)

4!,%)*()
%6%2,)#2*;#;%&7

L((1%$
<(!)1

CONSTRUCTION OF A SAFE HOUSE

I'+7.*/*#J'.#H*-,3#-+;
3"-H3

?#<023%,&*(-*2(!)&%
&!$1

Y*<023%,&*(-*2)0&.%1
&,($%
S+!U#+0+*&#j%*[mc*#$7T

>#<023%,*(-*4!,%)

>#<023%,*(-*2%+%$,



CONSTRUCTION AND MAINTENANCE OF MASONRY HOUSES

Curing the slab

Q(*$(,*4()3*("%)*,.%*&6!<
-()*!,*6%!&,*g*1!=&*!-,%)*;(0)#$57

The slab must be constantly cured.
Curing must start as soon as possible.
Do not wait until the next day to
start.  Form closed areas
limited by sand piles over
the slab and fill them with
water.  You must cure the
slab for at least 7 days.
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If you must stop
 pouring concrete in
the slab, make the

construction joint near
the ends of the slab.

Never make the
construction joint at

 the center of the slab.
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Partial pouring of the slab
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Recomendation

When you pour stairs be careful to see that all reinforcing bars have adequate concrete cover.
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This chapter contains recommendations
for the maintenance and solution of some
problems typical brick houses.  If the
problems or defects of your house are
more serious, such as foundation
settlement or severe cracking of walls or
concrete elements, we suggest that you
consult an engineer to solve them.

Cracks or fissures in walls may have
several causes, such as use of
poor-quality materials, inadequate
constructive practices, deficient structure
with too few confined walls in both
directions or inadequate foundation over
soft or loose soils.  If your house has
been poorly constructed and has some of
these defects, it is possible that many
of its elements will fail  when an
earthquake occurs.

:.*01*+/#7.-723#/K(*3#%+#H.%72
)'13*#G-""3

:6%U0)!6
2)!23&

Q#!5($!6*2)!23&

I()$%)
2)!23&

Recommendation

If the walls of  your house are severely cracked or have significant vertical cracks at the corners, it is

possible that your house is in danger.  Get professional assistance as soon as possible to solve the

problem.

Repair of wall cracks

If any wall of your house has diagonal
cracks not more than 1.5 mm thick and
the concrete of beams and columns is not
severely damaged, you can repair the
wall in the following way:
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1   Cracked walls
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If any wall has broken or deteriorated bricks, you
can replace them in the following way:

Replacement of deteriorated bricks

Recommendations

If you need to replace more than one deteriorated brick, start with the lowest brick.

You can cut the new bricks so that they fit better in the openings left by the damaged bricks.
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2   Corrosion of reinforcing steel
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If beam and column steel reinforcement in
your house is not too corroded, you can
repair the problem the following way:

5;;6=*2%+%$,*;!&,%*,(
(61*2($2)%,%*&(*,.!,
$%4*2($2)%,%*4#66*%!&#6=*!1.%)%7

When concrete covering is too thin or has
air pockets and fissures through which
moisture penetrates, corrosion of the
steel reinforcement is produced.  You can
prevent this problem if you carefully
construct the beams and columns
of your house.
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Recomendation

Try to prevent moisture penetration into the walls of your house so that efflorescence will not

appear again.

3    Efflorescence

>!66*%--6()%&2%$2%

Efflorescence is a white or yellowish
deposit that appears in brick or concrete
walls.  Efflorescence appears when
construction materials or foundation soils
contains salts that are dissolved in water.
Water raises through the wall until it
reaches the surface and then evaporates,
leaving salts crystals at the wall surface as
stains.

To clean walls with moderate

efflorescence you can do the following:

8(1%)!,%*%--6()%&2%$2%*1(%&*$(,*!--%2,
4!66*&,)%$5,.7

4#$&%*,.%*4!66*&0)-!2%*4#,.*!<0$1!$,
*4!,%)7

I6%!$*,.%*!--%2,%1
!)%!*4#,.*!<0$1!$,
4!,%)*!$1*!*&,)($5*<)0&.7

E)%;!)%*!*26%!$#$5*&(60,#($*4#,.*($%
"(60+%*(-*.=1)(2.6()#2*!2#1*!$1*gb

"(60+%&*(-*4!,%)7**J;;6=*,.%*&(60,#($
,(*,.%**4!66*4#,.*!*;!#$,<)0&.

**********!$1*6%,*#,*&,!$1*-()
*_`*+#$0,%&7
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4    Wall moisture

Damp walls are almost always caused
by leaking water pipes.
To repair water leakages and thus
prevent moisture accumulation in your
walls, you can do the following:

E!,2.*,.%*4!66*4#,.*+(),!)
*S2%+%$,B&!$1T*_B`7

9.()(05.6=*26%!$
*,.%*;#;%*!$1*6(2!,%*,.%

;6!2%*4.%)%*#,*#&*6%!3#$57
J*<)(3%$*;#;%*()*!

1%-%2,#"%*2($$%2,#($
<%,4%%$*;#;%&*()

!22%&&()#%&*2!$*2!0&%
6%!3#$57

K%;6!2%*,.%*1!+!5%1*%6%+%$,&
4#,.*$%4*($%&7**D%,*,.%*$%4
2($$%2,#($&*1)=*2(+;6%,%6=7
>!#,*!*2(0;6%*(-*1!=&*,(

*"%)#-=*,.!,*,.%)%
!)%*$(*+()%
*6%!3!5%&7

52

M)%!3*,.%
4%,,%&,*&0)-!2%
(-*,.%*4!66*0$,#6

=(0*-#$1*,.%
6%!3#$5*;#;%7

<.0,*(--*,.%*+!#$*4!,%)**"!6"%*,(*=(0)*.(0&%
&(*,.!,*4!,%)*1(%&*$(,*;!&&*,.)(05.

*,.%*1!+!5%1*;#;%7
*K%+("%*,.%*1!+!5%1

%6%+%$,
S!22%&&()=T
*()*1!+!5%1
*;(),#($
*(-*;#;%7



NATURAL HAZARDS

1   Why are drawings useful?

>FG*AJ9
*F8DI*N8
P8ECQ9

*NL*FGME8z

HF8*O8EH*CE*HG
AG9EMDH*J9*JKAFCH8AH*GK

J9*89QC988K7**CW*LGM*PG*9GH
*FJ\8*J*IKGW8EECG9JD*FJ9PL/
*LGM*AJ9*AG9EMDH*HF8*98JK8EH

*NM9CACIJDCHL7

! ##9.%=*.%6;*=(0*1%,%)+#$%
#-*=(0)*.(0&%*4#66*&!,#&-=*=(0)
;)%&%$,*!$1*-0,0)%*-!+#6=
)%?0#)%+%$,&7

! ##9.%=*;%)+#,*=(0*%"!60!,%
;)%2#&%6=*,.%*2(&,*(-*+!,%)#!6&
$%2%&&!)=*-()*2($&,)02,#($7

!"9.%=*%$!<6%*=(0*,(
;)(5)!+*2($&,)02,#($*&,!5%&*(-
,.%*.(0&%*!22()1#$5*,(*=(0)
%2($(+#2*)%&(0)2%&7

! ##9.%=*%$!<6%*=(0*,(
;)(5)!+*!220)!,%6=*,.%
2($&,)02,#($*(-*%!2.*&,!5%/
%6#+#$!,#$5*#+;)("#&!,#($7**H.#&
4!=*6!,%)*=(0*4#66*$(,*)%5)%,*!
;(()*1%&#5$*,.!,*4#66*2!0&%
1%+(6#,#($*()*!6,%)!,#($*(-
4!66&*()*)%?0#)%*2.!$5#$5*,.%
;(&#,#($*(-*1(()&7

Q.-G%+F3#-.*
13*J1"#H*7-13*d

LGM*988P*HG*FJ\8
HF8*WGDDG>C9Q*PKJ>C9QEB
_TJKAFCH8AHMKJD*PKJ>C9QE

SIDJ9*\C8>*J9P*NJC9*8D8\JHCG9T
gT*EHKMAHMKJD*PKJ>C9QE
*SWGM9PJHCG9*J9P*KGGWET

[T*N8AFJ9CAJD/8D8AHKCAJD*J9P
IDMNOC9Q* *PKJ>C9QE

>FCAF
PKJ>C9QE
PG*C*988Pz

Before you start construction you must
have drawings which show the
appearance of your house to be and how
you will build it.  Architectural drawings

are scaled representations of how your
house will look, how many rooms it has
and how they are located.  Structural

drawings indicate the locations and
dimensions of the bearing walls, slabs
roof reinforcement and dimensions
and steel reinforcement of beams and
columns.  Finally, mechanical, electrical

and plumbing drawings show the
route of  water and sewage pipes
and of electric conduits.
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A well-designed house has the following
characteristics:

!" It is earthquake-resistant.  To achieve

this it must have a sufficient quantity of
confined walls in both directions (See
Chapter 2 and Appendix).

!" It responds to your family’s present

and future needs.

!" It is easily constructed in stages.

!" All rooms have natural illumination and

ventilation.

!" Bedrooms are well located, far from

the noisiest areas, such as kitchen, dining
and living rooms.

!" It has a patio or laundry.

!" It has a garden where you and your

family can grow flowers, trees or
vegetables.

B(0&%&*4#,.*5!)1%$&7
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2    The design of your house
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3    Sample house plans

Sample Plan 1: Corner house

First floor

Second floor

Here is a two-story house plan for a 8m x 8m ground corner property.

Architectural drawings
Scale 1:100
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Architectural drawing
First floor
Scale 1:100

Sample plan 2: House between party walls

This is a two-story
house plan for a
8m x 20 m ground
property between
party walls.  In this
house it is possible
to use one of the
first-floor rooms as
workshop or store
(if your area zoning
allows for it).
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Architectural drawing
Second floor
Scale 1:100
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Sample plan 3: House between party walls

Here is a two story house plan where a different family can
live on each floor.  This house has all the drawings
necessary to build it over hard soil (rock or gravel).
Remember it has been designed to have only
two floors.
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Section
Elevations
Scale 1:100

Rear elevation

Main elevation

Section A-A

PLANS FOR YOUR HOUSE

Opening schedule

 D-1   1.00    2.20         0

       Width  Height  Sill height

 D-2   0.80    2.40         0
 D-3   0.70    2.40         0
 D-4   1.00    2.40         0
 D-5   1.00    2.40         0
 W-1  2.00    1.30         0.90
 W-2  1.20    1.30         0.90
 W-3  0.60    0.60         1.00
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Architectural drawing
First floor
Scale 1:100
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Architectural drawing
Second floor
Scale 1:100
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5.45 + 
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Architectural drawing
Roof floor
Scale 1:100
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Construction
by stages

Architectural drawing
Scale 1:200

You can build this house in
several stages.  For example,
you could build the house in
5 stages according to this
sequence:

:%.3/#3/-F* <*7'+;#3/-F*

9)%.;#3/-F*

:'1./)#3/-F* :%J/)#3/-F*
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Foundation drawing
Scale 1:100
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65

Foundation detail drawing
Scale 1:25
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Column detail
Scale 1:25
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Slab formwork drawing
First floor - Scale 1:100
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Slab formwork drawing
Second floor - Scale 1:100

PLANS FOR YOUR HOUSE



CONSTRUCTION AND MAINTENANCE OF MASONRY HOUSES

)%&,*h*b7_`

cl[me#$7
l_mc#$7B_hb7b`/

cl_mg#$7

cl[me#$7
l_mc#$7B_hb7b`/

chb7_b/*)%&,*h*b7g`

70

Beam details
Scale 1:25
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Beam details
Scale 1:25 and 1:50
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Beam details
Scale 1:25 and 1:50
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Stair detail
Scale 1:25

PLANS FOR YOUR HOUSE
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Plumbing - water supply drawings
First floor - Scale 1:100

From main water system From main water system
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Plumbing - water supply drawings
Second floor - Scale 1:100

PLANS FOR YOUR HOUSE
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Plumbing-sanitary sewer drawings
First floor - Scale 1:100
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Plumbing-sanitary sewer drawings
Second floor - Scale 1:100

PLANS FOR YOUR HOUSE
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Electrical drawings
First floor
Scale 1:100
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Electrical drawings
Second floor
Scale 1:100

PLANS FOR YOUR HOUSE
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Plumbing component legend

Electrical component legend
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Ground pit detail

PLANS FOR YOUR HOUSE
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1   Quantity of walls in an earthquake-resistant house

Your house has to have an
adequate number of confined
walls in both directions in order
to resist earthquakes.
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To calculate the number of walls needed for a house with a
maximum of two stories, follow the indicated steps:

Wall calculations

         Calculate the required horizontal area of confined walls for each floor.

         Calculate the roof area covering each floor in square meters.

         Determine the minimum wall density needed in
       each direction, according to your soil type.  Use the
following table:

       Classify the soil of the place where you will build
    your house.  On page 22 you can learn how to
 determine the soil type.
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APPENDIX

9(*2!6206!,%*,.%*.()#j($,!6*4!66*!)%!
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S_m_bbT**U*Sfb*|*̀ b*+gT*y*S_m_bbT*U*_gb*+g*y*_/gb+g
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)%?0#)%1*-()*,.%*&%2($1*-6(()*4#66*<%B

             Verify that the total horizontal area of confined walls in your house in each
          direction is greater than the required area.  In the evaluation only include walls
made of structural brick whose length is greater than 1 meter and that are confined by
reinforced concrete beams and columns.  Do not include walls less than 1  meter in
length.  Also do not include unconfined walls or partition walls because these elements
are not capable of resisting earthquakes. For each direction of your house
evaluate the area of each confined wall and then add up the areas of all
the walls.   To calculate the horizontal area of each wall in m" multiply
its length in meters by its thickness in meters.
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!g-,("*



CONSTRUCTION AND MAINTENANCE OF MASONRY HOUSES

86

3.142.82

1.50

2.82

>[

>g

0.24

0.24

>_
0.24

>c

0.24

1.50

0.14

1.50

1.50

>` >p

0.24

>f

Example of wall calculation in the direction parallel to the street

As an example, we will analyze the house proposed in Chapter 5.  This house is located
over hard soil and has 115.7 m" of roof area covering in the first floor and 98.7 m"
covering the second floor, which gives a total roof covering area of 214.4 m".

    We will calculate the areas of
our confined walls:

W1= 1.50 X 0.24 = 0.36 m"
W2= 2.82 X 0.24 = 0.68 m"
W3= 2.82 X 0.24 = 0.68 m"
W4= 3.14 X 0.24 = 0.75 m"
W5= 1.50 X 0.24 = 0.36 m"
W6= 1.50 X 0.24 = 0.36 m"
W7= 1.50 X 0.14 = 0.24 m"

The total confined wall area is
3,43 m" which is greater than
2.14 m", so we have satisfied

minimum wall density.
 Remember that these walls

have to be confined in all
 four sides.

For this soil type, the required
wall density in each direction is
1%.  Therefore, the quantity of

walls for our first floor has to be:

Recommendation

It is desirable to have several walls

longer than 2.70 m

How many of the required walls

must be long depends on the type of

soil where your house is located:

!"Hard soil

At least three walls must be

longer than 2.70 m.

At least four walls must be longer

than 2.70 m.

!"Intermediate or soft soil

1 x 214.4 m" = 2.14 m"

100
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2   Concrete Types

Recommendation

Moisten all aggregates the previous day.
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3   Schedule of
     material quantities

The quantities of materials
shown includes 3% loss.
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Quantity of
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