MANUAL FOR POST-EARTHQUAKE
REBUILDING IN NEPALESE VALLEYS




“Earthqual(es don 't kill people... |mproper|y design Ioui]dings do!”

V\/hen the shaking 1Crom the Hima|ayan earthquake occurred just beFore
noon on Apri] 25, most oFthe victims were within bui]dings hasti|y con-
structed and poor|y Iouilt.

Hlis earthqual(e may have caught Nepa] |9y og guard, |9ut that (Joesn’t
mean it came as a surprise. In {"act Nepa| is |ocate& on a weH—Lnown
tectonic p|ate boundary where |ndian P|ate goes Ioeneath Asia Forming
the Hima|ayan mountain range. This p]ate collision gives raise to Frequent
earthquakes, some oF them [)eing particu]ar|y strong with return period

O][‘ Few centuries.

And the resu|ting devastation came as no surprise, because bui]dings
in cities an(J in vi||ages 01(‘ high Nepalese va”eys are not constructed to
stancl up to a quake.

Since it's impossiHe to predict an earthquake Witl’l reliabihty, the most
eFFicient preventive action is to (re) louild with earthquake%esistant

princip|es.

This pedagogic document, prepared lay the French Association For Farth-
quaLe Engineering, aims at app|ying these simp]e l)ut el['l['icient earth-
qua|<e resistant princip|es to one storey traditiona| houses in Nepa|ese
va||ey vi”ages using avai|a19|e materia]s at those iso]ated p|aces.

Thierry WINTER and co||eagues who worl«ecl on this guide
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WHY BUILDINGS
COLLAPSE

DURING AN EARTHOUAKE ¢




EFFECTS OF EARTHQUAKE
ON MASONRY BUILDINGS

(BRICKS, RUBBLE STONES)

FORE-BACK
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s s o \.-71
During an earthqual(e, /, "
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the building is shaking [!‘@
b A A L X X A
at its bottom in a” directions.
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|f the walls are not connected at (BR|CKS, RUBBLE STONES)

tneir own J'unctions an(J witn

tne roomC, cracks appears

at tnejunctions and tne wa”s could )\
co”apse undereartnquake. '4:0;;35,’.01

EFFECTS OF EARTHQUAKE
ON MASONRY BUILDINGS

O

*

Total co”apse

ﬂle main damages oﬁ masonry buildings
under eartnqual(e are in particu|ar :
- Tne Failure oF tnejunctions l)etween wa”

elements witn tne separation’s wa”s

o||apse oF ]arge part oF wa”
in tne middle |ong wa”s or delamination

(No Iatera| connections)

and walls at the corner of masonry louiHings STONE WALL DELAMINATION
. Bulging delamination and co”apse of stone WITH BUCKLED WALLS
masonry loui|dings. -\
P
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R
A
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L I E R AT R I
S
s (e ol Collapse of
Gable co”apse (no reinforcement vertical I ollapse of corner
l;’rj and horizontal band between walls) I(gno relnForc|e|:m)ent band
‘\:{{ﬂ}? Wa”s going out oF p|umlo etween walls

(bad connection

Ioetween rooF and wa”s) 6



FOR A GOOD SEISMIC BEHAVIOR
AND AVOID THE COLLAPSE,
MAKE A MONOLITH BUILDING AS A GIFT PACKAGE

ESSENTIAL INTERNAL ELEMENTS
IN BUILDINGS FOR EARTHQUAKE SAFETY
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Don'T Do IT | 4

o

A

=
J

ftt‘

Do not Iouild at the edge o{:a c]hf]f

or c[ose to a river/stream.

Do not bui[d under a clhflf.

Do not L)uiu
under rocky Hocl(s.




VS |

Loose FIH s[opes
must |9e stabi]ized.

Foundation OlC L)uiHings

must be in Firm soi].

—

Keep clistances From

[andslide an& FOC]& Fa” hazard.
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WELL DESIGN BUILDINGS

WS>,
-’9' =5, 6‘;% SRR
S SRR
>y ] N l ’ Noirregu|ar shapes.




PREPARATION OF HORIZONTAL PLATFORMS

Retaining wa”, about 1 m [40]
height and 50 cms [20] thick, S|ope 459%
made of rocLy blocks greater

-------------- than 30-40 cms [12-167], with, Slope 33%
at its laase, a draining ditch ma&e oF S|ope ]8%

[20°] ebbles about 4-10 ¢m [2-4° g
«—> rn diam:teor_t . o Slope 10% k

S|opes greater tkan 33% are Forbidden. Pre{:er slopes
lower than ]8% (] to 3) maximum handma&e s|ope.

N

Excavate wide platrorms o{:g m
[26], with alm [40] lngh
retaining wa” in—loetween.
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EVACUATION OF RAINWATERS -

P|atForm organization
has to take into account
run og water evacuation
through a dedicated

ditches networl(.

By the way, drinLing

water and wastewater

networl(s must be also
implemented ﬁar\(‘rom

Foundations o“ouildings .

L?\/ stones cementecl

or l?y stones alone iF thicl( wa”.

R

Vertica[ ho]e

S|ope Iowerthan 3%
VERTICAL SECTION OF DITCH
BETWEEN TWO PLATEFORMS

14
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(Re)BuiLD
CARTHOUAKE-RESISTANT
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How TO BUILD EARTHQUAKE-RESISTANT
TRADITIONAL STONE HOUSE (ONE STOREY)

Seismic bands hold the walls
together and ensure integra|

Box action

16



SEISMIC RESISTANT LAYOUT

0,40 m [40"]
,45‘,/1\

24
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Fundamental ratios Ioetween wal
maximum |ength, width and l\e'
must be respecte&.

a. V\/a” thicl(ness (e) greater tkan 40 ¢

l). V\/a” width (V\/) Iowerthan ha'FoF wa” |engtl1

c. Maximum wa” height |ower than 6 times
the wa” thiclmess.

d. Maximum sub—|ength between cross-walls
|ower than 10 times the wa” thicl(ness

and lowerthan []O]
e. Wa” length greaterthan ] 2m [4 ]

must lae preserved on each sxde From (Jo
and windows.

F. Wlndow and door wxdth Iower
than] 2 m

An example is ngen %\

on the drawxng




BUILDING MATERIALS

Mud mutar

As much as possiHe, itis better to use cement
mortar (Cement ]; san& 3; water ]/3)
instead op mud mortar.

Baml)oo

Matured bamboo > 3 years
old

to soak the bamboo in running water 2 3 weeks

RooFing sheets

7 nails anchor steel
RuloHe stones / Brol(en stones
-Hlicl(ness > 50 mm [2] Timloer,
With, lenghth > 150 mm [8] Dry, straight, -

. ](‘ H SCI’GW ICOI’ YOOIC
SiZe as unitorm as possipie

no cracl<s an(J no notch

18



FOUNDATIONS ‘g

= / Witl’l mud mortar

Dig a trench un&er

the ﬁuture wa”s to perForm

the buiHing foundations 7

and a&d an outside rainwater

drainage networl«

RubHe stones Foundation

Protection o; vertica| wood
reinForcement From moisture :

- app'ying a protective coating
(Ioitume or me|ted paragin wax)
- or |ayer of po|yethy]ene

around wood pi”ar.

| 1
. 1 I
| 1
INSIDE : : OUTSIDE
|
! [

vertica| reimforcement

[timber or bamboo]

timlaer p]inth |9and
------- .

40 _— e ruH)[e stones with muc‘ mortar

Ary grave]s

grave| [|oose stone]

20 ¢m [8] thicL

rainwater

[ 1.
sand : 10 ¢m [4"] thick ldr’amage
|
70 o [28]

19



WALLS IN RUBBLE STONES
WITH MUD MORTAR

ﬂwough stones

or wood pieces

b - "" 120 om [47]
= ST \’f”” i "8

| . ™
% P i e
% ap— \-ﬂ'. =
N =
bS ;L,L{f?
=] pi
IS SIS SN | 60cn [247]
AN e Gl
(] . o
“3{3 y 0 ] &
C M : 7
» |

To avoid stone wa” de|amination,
put regu]ar|y spaced through
stones or wood pieces across

the wa” thicl(ness.
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SECTION

As previous|y mentionecl,
seismic bands hold
the wa”s together

an(J ensure integra| Box

50 cm [207]

action. |{:t|'1ese seismic
laan&s (p|intl1, Iinte|
and rooF) are made

with V\/OOD app|y

the present design.

N\

50 em [207]

50 cm [207]

2 sawn |umloers

50 cm 50 cm 50 cm
horizontal renforcement [207] [20"] [207]

mch mortar

nai|s

[minimu 4]

ruH>|e stones

[mud mortar]
vertica| comfining

[timber or bamboo]

21



lFthese seismic |9ands (p|inth, linte'
and rooF) are made with BAMBOO
app|y the present (Jesign. Note spacing

o{" vertical |oamlaoo reinﬁorcement.

corner post

sma” stones

mud mortar J

bamboo

planth Ioand

ruHJIe stones /I

[mud mortar]

vertica| renrorced

keys

re

SECTION

l<eys ~_ L . -

Ioamboo plinth Ioan

i
i
\
fi
g
|

i
i

|

sma”sto S
mud mortar

\/

/— bamboo

plinth Ioan(J

corner post

PLAN

2?2



CONNECTION BETWEEN TRANSVERSE WALLS

T em 7 em PLAN To further strengthen
[37] [37] transverse walls
sy 40em 60 ( ) horizontal
< (6] [247] f:orner .o 0 &
’umber stxches may loe
used. Minimum |ength
) C,,m in each wa” is1.20 m
[16°] [4] They are p]aced
60 cm in every 60 cm [24]
[247] in height.
Reimtorce wa|| corners
with 3 vertica| timber
or bamboo wood dowel
N greater than 7 cm [3}
V\/oocJ dowe| at corner oﬁ wa“ in diameter.

120 m [4] *““-(—3 wooden vertical

reinForcement

23



CONNECTION BETWEEN TRANSVERSE WALLS

I c”m [ em 60cm 40cm 60 cm
] dag 197 4] [167) 4]
e aes SR o ”

[16"]
PLAN

Wood dowe| at TJ’unction waH

K | reimtorcement

™ o

Tjunction stiches -N

040N | T }
[16°] 12 :
120 m

bem

w3
i

m

wooden vertical

/
!
£

~
~
~
~
TERG
~
~
~

To Further strengthen
transverse wa”s

(comer) horizonta|

timber stiches may be

used. Minimum Iength

in each wa“ is 1.20 m

[4'] ﬂ\ey are p|aced

in every 60 cm [24]

in height.

Reimforce wa” corners

witl\ 3 vertical timloer 7

orl)amboo wood Aowe|
greaterthan 7 cm [3]

in diameter.

24



Tim[}er vertical reinForcement ForT-junction *

Put vertical reinforcement at each junction / w
|9etween wa”s (corner an(J T-J'unction) "

on the height From Foundation to rooF.

25



TIMBER ROOF

Roors have two main parts:
RaFter
structure and cover.
RooFing structure must loe |ight,
we|| connected and adequately
tied to the walls. Do not ckarge
an attic with heavy Ioad.

pur|in
6x12 cm
[ZZB”]

Fters tie&
together with wire

Wooden I’OO]C band

Stee| anchor must be p|aced

during the construction of stone wall.
|t is threated for Fixing the roof with
a bolt.

]oose stone

with mud mutar

Steel anchor J \

Stone waH

26



T IMBER ROOF

AH pieces Forming the rooF

structure ( p|an|<s, raFters,

P'”'i” collar ties, pur|in,...) must be

tightly connecte& using wooden
pins, meta”ic s’neets and bolts.

iron sheet 440 mm [0,27]
plank 20x100 mm [1x4°]
bolt min. @10 mm

> D [47]
bolt min. @ 10 mm . :’
@ [4] ~
plank 204100 mm iron sheet 4,40 mm
[1:47] [0.27] bolt min. @10 m
| @ [4]
%\%“» [
W i

& : 2



ROOF IRON PANEL

Ridge cover

Pur|in GX]Z cm )v ”dge 6)(]2 . [2)(5]

[2x57] (/Screw

Galvanized iron

sheet rooF \)

RooF truss 8x12 em
[3x5"]

/Galvanize(J iron sheet romC

Purlin 6x12 ¢m
[245]

c|eat

Roof truss 8x12 em [3x57]

Galvanized iron Pur]in

sheet rooﬁ\ 6x12em  Screw

[2457] /

cleat

Fascia Ioeam

R Ft 8x12 cm b
oot truss 2x25 ¢m [1x107]

[345"]

Ga]vanized metaHic panels

are Fixed on the wooden r001C
structure using screws.
Over]apping oF ga|vanized
meta”m panels must Ioe O]CSO cm
[ ] on |arge que and ]O cm
[ ] a|ong short s:de
Use a minimum

OF8 SCrews |9\/ pane].

137

SCI’GW FOY YOOF

®e

. .®
. .
"""""""
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BUILDING MATERIALS

x8 BAMBOOS

x8 BAMBOOS

10 cm
[4°]

10 om
[47]

x10 WOOD PURLINS
x4 WOOD POLES

]O cm
[4°] l
—>
6em [37]

250 Nai|s

20 / 2 om
080m NI |

[31] ]

10 em
{
4]

e
Brol(en stones Nylon yarn 10 ¢m [4 ]

For IoaHasting romC

ga|vanized metallic pane|s

PVC rice bags

ROPG

PeaL OF cut Ioamlooo

0,80 m

30 ga|vanized meta”ic pane|s

Straw

30



<7 PREPARATION OF BAGS

T

Examp|e oFa 30 cm [12"]
Ioag Fi”ed at the good |eve|
within the template.

STONE

Bags must Ioe Fi”e& as a[oove shown :
045 stone in the center part to increase
[1’8”] the Friction |9etween Ioags ; and c]ay

at the bottom and the top respective|y
\ J Construct 4 wooden templates%
\ ‘_/O' X to fill bags at adequate level.

0.30% o
[127] ’

to Faci]itate the insertion

oF the peal«s oF laaml)oo.




MINIMUM TOOLS REQUIRED

For the platForms preparation and excavations : ] 2 3

For the construction : 4 5 G 7 8

32



& Founpations  # -~

MAP VIEW OF THE DIMENSIONS OF THE PROJECTED BUILDING

A [ A
2,50 m .'.. ...‘
) o N
L . MAP VIEW OF POLE LOCATION AND THE TRENCH
‘ 200 T0 BE EXCAVATED FOR THE BUILDING FOUNDATIONS eeee.,,
[7] 640 m 2,80 m [0] 3.00m[107
0.20 [21] « >< —
,oUm I ,‘,"f N | e o . e | A
. 1,60 1 il
2,60 m - i
(8] 2,50 m
v ® ,
L L 1 8]
= N .
* 0,80 m[31"] 0,10 m[4] 1[68(]) m o| %
7,]Om i( ° 250
23 00 m
23] 1,60 m [8']
The dimension of the projecte& Ioui]ding [5]
is directly derived from the number and sizes * * 3 le o . ol d
* of ga|vanized metallic pane|s, |9y considering — 3¢ > N
an over|ap of 10 ¢m [4] and 30 cm []2] * * 2,05 m 1,70 m 2,05m

For the short and large sitJes respective]y.

[7] (6] [7]
Here, it kas l)een considered 10 ancJ 20 units x *
* of 80x200 cm [3])(7] and 80x250 ¢m
[3]x8] ga|vanized meta||ic

pane]s respectively.

33



FOUNDATIONS
AND POLE ANCHORING

TRENCH e, .

walls to per{:orm the l)uiHing
" 1foundations.

Di h d h ][- Foundations has to rise From 10 to 20 cms
g 2 trench under the Tuture [4” t08"] above ground level

at the base oF opposite wa”s.

Foundations and po|e anchoring must be per\(\ormed
as in the (Re)build earthqual«e—resistant

tr ditinH)uiHin ’ h tr(|t ]9)
aditiona gs chapter \plate 24



PLINTH SEISMIC BAND IMPLEMENTATION
AND CONNECTIONS WITH FOUNDATIONS

As previously mentioned, seismic bands hold INFILLING OF THE PLINTH SEISMIC BAN
the walls together and ensure integra| Box action. Infill the space between

This plinth seismic band is made of double bamboo, % bambockrit T IS *'

10 ¢m [4] in diameter, at the Ioase oF eack wa”. and mud mortar.

" PLINTH SEISMIC BAND AT THE BASE OF EACH WALL

At each wall corner, bamboo are
. c|ose|y connected (i) some with
: the others and (ii) with vertical
po|es l)y means of cleats.

3b



CONSTRUCTION ABOVE FOUNDATIONS

AND PLINTH SEISMIC BAND

P|ace 60 cm [24] |ong bags

at the Ease 0 eve

les up

rtica| po

feh
to the height oFthe plinth seismic Ioand.

36



Crash the peal<s of cut

CONSTRUCTION

1ST BAG LAYER

Place the various size l)ags
(various colors) alyove tke seismic

Iaand to achieve tke Ist layer.

V\/atch out | Bag tongues
pass over the Fu“ loags.

bamboo cut in loags

For Iinl«ing Fi”ed l)ags.

31



CONSTRUCTION OF WALLS

1ST BAG LAYER

Comp'ete the ]st |ayer by

|]4
i respecting the (Jistribution

oF various Ioag sizes (colors).
Do not Forget the interna|
and outer strengthening

along vertica| po|es.

Watck out I Bag tongues pass over
the Fu” l)ags. Crash the peal(s oF'c.Ut
Iaamlooo cut across upper tongues ' '

and |ower Ioags For Iinldng Fi”ed bags.

38



CONSTRUCTION OF WALLS

SECOND BAG LAYER

Start again loy |9ags against
po|es and respect as we”
the sense oF Ioag arrangement.
Don’t {:orget to crash

the peal<s oF cut Ioamlooo.

Stu{"{: spaces around posts
with sma” stones and mud mortar.

‘1__:‘__’::..-- ..... 39



Wwmews  GONSTRUCTION OF WALLS

Forth |ayer similar to the second one
BUT on inverting the sense
i of Ioag/tongue arrangement.

ﬂﬁrd Iayer simi|ar to the First one
BUT on inverting the sense oF
Ioag/tongue arrangement.

\

THIRD LAYER FROM ABOVE 3
40



CONSTRUCTION OF WALLS

NEXT BAG LAVERS

gl

Sk ‘

‘,— =l
<P

R =

N, e " )

\-‘\“’-
"l g
-
\:\\-
N '.\_\-
NN
=

I_ayers 5, 9 and ]3 similar to tke First |ayer
I_ayers 8 10 and 14 similar to the second |ayer
Layers 7 11 and 15 similar to the thirci |ayer
l_ayers 8 12 an(J 16 similarto the Forth Iayer

N

2. PLACING OF THE FLUE

LINTEL SEISMIC BAND IMPLEMENTANON

\LK /‘“-/

As previous|y mentionetd, seismic bands hol&
the walls together and ensure integral Box action.
As For the p|intl1 band (plate 35) this Iinte|
seismic band is made o{:douHe l)amlooo, 10 ¢m
[4] in diameter, at the top o{: each wa||.

Start witl\ two opposite wa”s.

Attention not to |eave

the flue against PVC l)ags:
|<eep it away using

with stones or/and c|ay.




CONSTRUCTION OF WALLS

LINTEL SEISMIC BAND IMPLEMENTATIONWALLS
Reach a g|oba| horizontal p|ane Ioe{:ore placing loaml)oo

on the two remaining opposite wa”s.

Belfore p|acing the seismic ban bam

on the two other opposite wa”s,

arrange 40 cm []6] 45 cm []8]
and 60 cm [24] |ong lvags on the top

o{: the wa”s as shown on the drawing.

COMPLETE THE LINTEL SEISMIC BAND

Ry KJ

At each Wa” corner,

lOﬂml?OO are C]OSG'y are

c|ose|y connected (I)
some with the others
and (ii) with vertical

po|es l?y means 01[‘ c|eats.

42



CONSTRUCTION OF WALLS
AND CONNECTIONS FOR ROOF

INFILL THE SPACE BETWEEN BAMBOO
WITH SMALL STONES AND MUD MORTAR

\ ‘, i
s / ANy B Before p|acing the seismic

v Q)J/ ‘v band bamboo on the two

otker opposite wa”s,

arrange 30 cm []2]

40 ¢cm [167] and 60 cm
[24] |ong bags

on the top oF the wa”s
similar|y to First Ioag |ayer
(as shown on the Arawing).

43



CONSTRUCTION OF WALLS
AND CONNECTIONS FOR ROOT

BAG LAYERS ABOVE THE LINTEL SEISMIC BAND

2.90 m 4

[10'7"]

RENEREAE

e
QA

v
P|ace loags up to ]0 cm [4]
From the top oF po|es.
Respect the same arrangement
than For First, then second,
then third, then Fortk layers.

R/ o \\';q

2.55m
[847]
}2.40 m
[8']

e i
[
| [,

(REHEEER
3
e

\.x._;‘.'r,? R
i

|_ay down the 4 (or plus)

wood pur'ins ]inte|s (accor&ing to
sSnow eﬁ‘ects): |9e care t’nat

/ the two central one are |ocatecJ

at the center loeneath
the overlapping oF the ga|vanized

meta”ic pane|s.

l"‘ ~i’“|
, /]
‘ ~ l‘.

¢

-~ v’,‘v 8
oA

PLACE THE ROOF FRAMEWORK

Connect the pur|ins to the poles
witk cleats and/or we(Jge them with
Ioags of adequate sizes.

_\— |so|ate and sea| with loags Fi”ed

Wftl‘] straw. 44



CONSTRUCTION OF ROOF

ROOF IMPLEMENTATION INSULATION OF THE ROOF

lnsu|ate the roonith wisps

Fix tke ga|vanized meta”ic

pane|s to the wood purlins OF straw and Fix tl\em Wfth rope

set on the WoocJ pur|ins.

loy means 0F8 nai|s loy

ROOF STABILIZATION

meta”ic panels, 4 at
the top and 4 the l)ase oF

the meta”ic pane] over|apping.

Stones are added stabilize

roof against wind.

45



]

CONSTRUCTION OF CURRENT SLAB

|nside the house,
settle a mud Hoor
aloout ]O cm [4]
thicl«

To protect PVC Ioags From the sun
and guarantee the IouiHing duralyihty,
itis recommended to imp|ement
an outside Facing on facades using :
- Either “dry" stones and not
connected to the buiuing Fagade
- Braide& bamboo : but avoid

the mixture clay / straw mixture

which remains Fragi|e Facing rains

46
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