




FINAL REPORT: HOUSING EDUCATION PROGRAM IN POPAYAN, COLONBIA 

T h i s  is the f i n a l  report for a praj~ct funded under AID Contract 

Ma, OTR-0000-C-00-3335-00, The objective was to design and conduct a 

patogram of housing educatiun focused on introducing appropriate tech- 

nology in housing repair and reinforcement following the earthquake 

in PopayBn , Colombia. INTGRTEGT team members included Frederick C. 

Cuny , Eduardo A. Perez, Daniel Torrealva D., and A. James Viets. 

Augueto Espinosa - S o  of Areas, Ltda, worked with the tea188 a8 @oil& 

engineer, 

At the request of Arquitecta Piedad Varona, Director of Planning 

for the C i t y  of Copay1n, the AID Office of U.S. Foreign Dioarter 

A s s i ~ t a n c e  arranged for a team of housing npecialistr and earthquake 

engineera to visit Popayln. Hembers of the team coordinated their 

visit to coincide w i t h  t h e  "Latin American Yorksh~~y an Seismic 

Bes i s tan t Ear then Construction" held in Lime, Peru, Hay 23-27, 1983. 

This team was led by Paul Thompson of KRTERTECT and included a 

Peruvian earthquake engineer, a Colombian soils engineer, and a 
.- training aids specialist. The report of this team, '.?opayAn, 

Colombia, Pos t-Disaster Huusing Survey: Feasibility Study for 

Training Program i n  Howsing Repair" (Contract No. OTR-0000-0-00-3333- 

00) recommended that as a first prierity, "... the Office of U.S. 
Foreign Disrster Assistance (AID/OFDA) should support a training 

program in the safe repair of earthen and masonry housing in 

low-income barrios o f  Popayln". As a second priority it was 

recommended thaz , " . . . the training program should be extended to 
include anti-meirmie methods of construction, materials and design of 

new Zw-income houeikng oriented to relf-help construction", - 







A f  t e r r e c e i v i n g  an  agreement in p r i n c i p l e  by t h e  "J. S. Embassy i n  

C o l o m b i a  a n d  t h e  C e n t r a l  O f f i c e  o f  SENA ( S e r v i c i o  Nacional de  

A p r e n d i e a j e )  i n  BogotB, AID/IIFDA reques ted  t h a t  Pau l  Thompson r e t u r n  

b r i e f l y  t o  C o l o m b i a  t o  work ou t  a d e t a i l e d  agreement between AID, 

INTERTECT a n d  SENA. The  f i n a l  c o n t r a c t  b e t w e e n  AIDIOFDA and 

INTERTECT ( c o n t r a c t  No. OTR-0000-C-00-3335-00) s t a t e s  the  fo l lowing  

o b j e c t i v e :  "To d e s i g n  a n d  c o n d u c t  a program of housing educa t ion  

f o c u s e d  o n  i n t r o d u c i n g  a p p r o p r i a t e  technology i n  housing r e p a i r  and 

r e i n f o r c e m e n t .  Tine p r o j e c t  w i l l  be c a r r i e d  o u t  under t h e  a u s p i c e s  of 

SENA sad o t h e r  i n s t i t u t i o n s  p a r t i c i p a t i n g  i n  t h e  r e p a i r  and r e h a b i l i -  

t a t i o n  work i n  Popaydn and its immediate environs".  

BRIEF DESCRIPTION OF THE AREA AND EARTHQUAKE HISTORY* 

On March 3 1 ,  1983 a t  8:13 i n  t h e  morning an  ear thquake occurred 

i n  t h e  v i c i n i t y  o f  Popay4n .  Its magnitude was 5.5 on t h e  R ich t e r  

S c a l e ,  w i t h  a n  e p i c e n t e r  west o f  t h e  urban a r e a  a t  a r e l a t i v e l y  

s h a l l o w  d e p t h .  The  d u r ' a t i o n  was 19 seconds,  long enough t o  cause 

m a s s i v e  d a m a g e  t o  t h e  u r b a n  a r e a  a n d  e x t e n s i v e  damage t o  r u r a l  

h o u s i n g  i n  t h e  Municipio of Popay4n and surrounding municipios .  [ ~ n  

i n t e n s i t y  o f  between 7 and 8 on t h e  Modified Mercal i  Sca l e  has  been 

es t imated . ]  

The  c i t y  o f  PopayAn i s  t h e  c a p i t a l  of t h e  Department of Cauca, 

s i t e d  o n  a h i g h  p l a i n  a t  5,712 f e e t  (1730m) above sea l e v e l .  The 

c i t y  was  f o u n d e d  i n  1536 and soon became an  a r i s t o c r a t i c  r e s e r v e  of 

importaqt f a m i l i e s .  Seventeen p r e s i d e n t s  of t h e  Frepublic have come 

 his s e c t i o n  e x c e r p t e d  from t h e  e a r l i e r  p r o j e c t  r e p o r t ,  "~opayBn,  

C o l o m b i a ,  P o s  t - D i s a s  t e r  H o u s i n g  S u r v e y :  F e a s i b i l i t y  Study f o r  

 raining Program i n  Housing ~ e p a i r " ,  INTERTECT, June 7 ,  1983, p. 2. 
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f r o m  PopayAn .  The  h i s t o r i c a l  a ~ d  c u l t u r a l  importance of t h e  c i t y  

and i ts  b u i l d i n g s  a r e  i n t e g r a l  t o  t h e  e n t i r e  country .  

T h e  c  i t y a l s o  h a s  a long h i s t o r y  of ear thquakes .  Considerable  

d a m a g e  r e s u l t e d  f r o m  e a r t h q u a k e s  i n  1827, 1834, and 1906, g iv ing  

a m p l e  w a r n i n g  o f  f u t u r e  v u l n e r a b i l i t y .  A primary f a c t o r  i n  t h e  

e a r t h q u a k e  r i s k  of t he  a r e a  i s  t h e  p a r t i c u l a r l y  poor s o i l  cond i t i on  

found i n  much of the  c i t y .  

OVERVIEW OF DAMAGE 

T h e r e  w a s  w i d e s p r e a d  damage  i n  v i r t u a l l y  a l l  s e c t o r s  of t h e  

u r b a n  a r e a ,  p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  s choo l s ,  h o s p i t a l s ,  

c h u r c h e s  , pub  1 i c bu i ld ings  and e s p e c i a l l y  housing.  Geographical ly ,  

t h e  g r e a t e s t  damage  occurred i n  t he  53-block a r e a  des igna ted  a s  an  

h i s t o r i c  zone, v i r t u a l l y  a l l  of t he  low-income neighborhoads,  and a l l  

c o n s  t r u c t  i on  i n  t he  low-lying a r e a s  between the  r i v e r s .  Heavy damage 

was s u s t a i n e d  by  many e n g i n e e r e d  b u i l d i n g s  throughout t he  c i t y  as 
% 

w e  11 . Li t t l e  o r  no damage was found only i n  upper-income housing on 

b i gh g r o u n d  a n d  some engineered b u i l d i n g s  s c a t t e r e d  throughout t he  

c i t y .  

E s t i m a t e n  o f  damage  t o  t h e  housing s e c t o r  va r i ed  widely.  No 

s i c g l e  r e p o r t  w a s  a v a i l a b l e  a s  r e p r e s e n t a t i v e  of t he  " o f f i c i a l "  

e v a l u a t i o n .  The  m o s t  c r e d i b l e  f r o m  I N T E R T E C T ' ~  po in t  of view 

r epo r t ed  t h e  fo l lowing  informat ion:  

Number 

Houses des t royed  2,470 

Houses with  major damage 6,885 

Houses wi th  minor damage 4,500 

T h i s  r e p r e s e n t s  7 2 %  of t h e  approximately 20,000 houses i n  Popaytn. 

The va lue  of t h e  damage was es t imated  a t  approximately US$90,000,000. 
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I n  a d d i t i o n ,  i t  .was es t imated  t h a t  in t he  historic area t h e r e  

w e r e  1 , 2 0 0  l i v i n g  u n i t s  l ~ c a t e d  on t h e  secsad f loor  above e ~ m e r c i a l  

e s t a b  l i shmen  t s t h a t  were des t royed ,  representing a replaeemcnt cost 

o f  U~$135,00Q,008. The e x t r a o r d i n a r i l y  high cost was based on the  

a s s u m p t i o n  t h a t  t h e  e a r t h e n  s t r u c t u r e s  would be r e s t o r e d  t o  t h e i r  

p r e - d i s a s t e r  c h a r a c t e r  a n d  c o n s t r u c t i o n  technology. The older, 

l o w e r - i n c o m e  b a r r i o s  ( e s p e c i a l l y  i n  t h e  lower areas of t h e  c i t y )  

s u f f e r e d  a  g r e a t  d e a l  of minor-to-major damage. 

H o u s i n g  i n  t h e  r u r a l  a r e a  i s  p r e d o m i n a w t l l y  o f  adobe  and 

b a j a r e q u e  c o n s t r u c t i o n .  H o u s e s  were des t royed  or damaged i n  t h e  

r u r a l  s e c t o r  u p  t o  a p p r o x i m a t e l y  30 km. away from t h e  c i t y  of 

PopayBn .  X t  was  e s t i m a t e d  t h a t  600 h o u s e s  w e r e  d e s t r o y e d  o r  

damaged. 

COORDINATION WITH SENA 

SENA w a s  t h e  p r i m a r y  r e c i p i e n t  o f  t h e  t e c h n i c a l  a s s i s t a n c e  

p r o v i d e d  by  INTERTECT a n d  funded by AIDIOFDA. It should be noted 

t h a t  t h e  SENA r e c o n s t r u c t i o n  program was we l l  under way when t h e  

INTERTECT team a r r i v e d  and a s  such the  t e c h n i c a l  a s s i s t a n c e  provided 

s e r v e d  t o  c o m p l e m e n t  a n d  u p g r a d e  t h e i r  p r o g r a m .  The housing 

e d u c a t i o n  p r o g r a m  was  deve loped  s p e c i f i c a l l y  i n  support  of SENA'S 

" S e l f - H e l p  R e c o n s t r u c t i o n  P r o j e c t "  w h i c h  o r g a n i z e s  low-income 

e a r t h q u a k e  v i c t i m s  i n t o  modules of 15 f a m i l i e s  and then t r a i n s  them 

i n  s e l f - h e l p  c o n s t r u c t i o n  techniques  wi th  s p e c i a l  emphasis on se i smic  

r e s i s t a n t  d e s i g n s  a n d  t e c h n o l o g i e s .  This  approach i s  low-cost, 

i l a b o r - i n t e n s i v e ,  u s e s  l o c a l l y - a v a i l a b l e  m a t e r i a l s ,  and gene ra t e s  

l o c a l  employment and bus iness .  

The  s h o r t - t e r m  g o a l  o f  SENA's program is te ensure  t h a t  the 

c o m m u n i t i e s  a r e  a b l e  t o  r e p a i r  o r  r e c o n s t r u c t  houses t h a t  w i l l  be 

s a f e r  ( i . e . , less vu lne rab l e  t o  f u t u r e  ear thquakes)  than  t h e  houses 

b e £  o r e  t h e  ear thquake.  The long-term goal is  t o  promote coope ra t i ve  
b 
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e n  t o  t h e  SENA i n s t r u c t  

r a i n i n g ) .  E a c h  c o u r s e  Ea 

" I n s t r u c t o r ' s  ~ a n k l "  was de 

A p p e n d i x  B ) .  Furthermore,  the 

t h i s  c o u r s e  a t  t h e  f i e l d  level 

( a p p r o x i m a t e l y  1,500 f a m i l i e s ) ,  I t  i 

w i l l  a l s o  be  g i v i n g  t h e  c o u r s e  (or 

c a r p e n t e r s  and b u i l d i n g  craf temra ,  f 

c h i l d r e n ,  producers  of m a t e r i a l s ,  et 

I t  s h o u l d  a l s o  be noted that 

t o r s  a r e  on loon from r e g i o n a l  SENA 

Colombia .  I t  is  expected t h a t  t h e s  

a r e  a l s o  prone t o  ear thquakes .  

were g i v e n  f o r  persons i n  t h e  c o n s t r u c t i o n  i n d u s t r y  ( 

t r a i n e d  SEMA i n s t r u c t o r s  h e l p e d  t e a c h  t h e  c l a s s e s  

M u n i c i p a l  B u i l d i n g  I n s p e c t o r s  a n d  r e p r e s e n t a t i v e s  of f 

i n s t i t u t i o n s .  

F o u r  "Model  H o u s e  R e p a i r s "  c o n s t r u c t i o n  d  

u n d e r t a k e n  -- two  for a d o b e  houses  and two f o r  



four r e p a i r e d  h o u s e s  were s t r a t e g i c a l l y  s e l e c t e d  i n  both urban and 

rural areas to have the  l a r g e s t  p o s s i b l e  demonstrat ion va lue .  

S i m p l e  and c o s t - e f f e c t i v e  methods f o r  r e p a i r  and s t r cag then ing  

of damaged b u i l d i n g s  were introduced. O f  p a r t i c u l a r  i n t e r e s t  was the 

i n t r o d u c t i o n  o f  c h i c k e n  w i r e  mesh t o  r e p a i r  and s t r eng then  adobe 

Rouses. The t e c h n i q u e  uaed i s  very simple and inexpensive,  and i t  

i n s  t i l Bed much e o n f  i d e n c e  i n  t h e  homeowners regard ing  t h e i r  "old 

a d o b e "  homes  ( s e e  Appendix B, "Cmo Reparar Una Case Be Adobe", f o r  

an i l l u s t r a t i v e  desc;iptioo of t he  technology in t roduced) .  

Q t h e r  t e c h n i q u e s  i n t r o d u c e d  d u r i n g  t h e  Rands-on  t r a i n i n g  

inc luded  : 

-- - r ebu i ld ing  wa l l s  above h o r i z o n t a l  and v e r t i c a l  c racks ;  
-- - r e p a i r i n g  a r e a s  around shear  (diegoaa 1) cracks;  

-- r e i n f o r c i n g  o r  r e b u i l d i n g  roof t r u e s  system; 

-- anchoring roof t r u s s e s  t o  r i n g  beans; 
-- r ep l ac ing  b r i ck  gable  ends with l igh tweight  cons t ruc t ion ;  
-- r ep l ac ing  heavy clay t i l e s  with l igh tweight  roof ing ;  
--- r ep l ac ing  bad wood members s f  roof system; 

--- improving brac ing  and des ign  of t r u s s e s ;  
--- lowering t h e  t o t a l  he igh t  of w a l l s  over 2.5 meters. 

To h e l p  e n s u r e  t h e  t r a n s f e r  s f  t he se  t e c h a s l o g i e s ,  t h r e e  t r a i n i n g  

a i d s  w e r e  developed: ''Haw t o  Repair  Typical. Damges", "Haw t 0  Repair 

an Adobe House", and "How t o  Repair  a  Brick House" ( s e e  Appendix B) . 
L 

A s e r i e s  s f  t r a i t l i n g  a i d s  was designed and produced t h a t  w i l l  

f a c i l i t a t e  t h e  d i f f u s i o n  of informat ion on se i smic  r e s i s t a n t  con- 

s t  r u c  t i o n  techniqaes .  The t r a i n i n g  a i d s  were developed according t o  

b u i l d i n g  t y p e s  ( i . e . ,  b r i ck  and adobe; and designed f o r  use  by l o c a l  

c a r p e n t e r s ,  masons and s e l f - h e l p  b u i l d e r s .  The fol lowing a i d s  were 

b 
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Pnf o r m a t  i o n  was  very s c a r c e ;  any kind of t e c h n i c a l  in format ion  

o n  r e p a i r  o r  r e c o n s t r u c t i o n  was h igh ly  sought -a f te r  by everyone i n  

P o p a y i n .  Even  t h e  few t r a i n i n g  a i d s  l e f t  by t he  f i r s t  INTERTECT 

t e a m  i n  Hay had an impact i n  t h e  a r e a .  AID/OFDA may want t o  cons ide r  

p u t t i n g  t o g e t h e r  packets  of pos t -d i s a s t e r  i n f o m a t i o n  t h a t  cou ld  be 

d i s t r i b u t e d  a l o n g  w i t h  i n i t i a l  emergency a s s i s t a n c e .  This i n f o r m -  

t i o n  m i  gh t Lncfude training a i d s  from $L - ~ i o u s  d i s a s t e r s  i n  the same 

r e g i o n  of the  world t h a t  have a l r e a d y  beea c!eveloped w i th  OFDA funds ,  

U.N. p u b l i c a t i o n s  !e.g., U I D R O ' S  S h e l t e r  A f t e r   isa aster), and -- 
o t h e r s .   rans slat in^ t h e s e  materials i n t o  Spanish,  i f  ~ecded ,  would 

be a major c o n t r i b u t i o n .  

The  SENA r e c o n s t r u c t  ion program could be a n  e x c e l l e n t  model. f o r  

o t h e r  p o s  t  - d i  s a s t e r  programs by government agenc ies .  OFDA may want: 

t o  e v a l u a t e  t he  program 6 months t o  one yea r  from now and w r i t e  up a  

case  s tudy  i n  o rde r  t o  sha re  t h e  l e s sons  wit? o t h e r s .  

SENA , a l o n g  wi t h t h e  Colombian Assoc ia t ion  of Earthquake Engi- 

n e e r s ,  i s  riow t h i n k i n g  i n  terms s f  long-term ear thquake m i t i g a t i o n  

a n d  p r e p a r e d n e s s ,  AID/OFDA may want t o  support  t h i s  e f f o r t  i n  the 

f u t u r e .  O f  i m m e d i a e e  v a l u e  woufd be FEZ f i nk ing  of these organi -  

z a t i o n s  w i t h  t h e  n e t w o r k  o f  p e o p l e  c u r r e n t l y  working i n  hazard 

managemen t  i n  t he  Dominican Republ ic ,  Jamaica,  Venezuela, e t c .  AID/ 

OFDA may a l s o  warit  t o  p r o v i d e  t r a i n i n g  o p p o r t u n i t i e s  (e.g., I a n  

D a v i s '  Oxford P r ~ g r a m m e  o f  D e v e l o p m e n t  Workshops) f o r  keg SENA 

people,  e s p e c i a l l f  t hz  S E N A / P O ~ ~ ~ B ~  D i r e c t o r ,  Gustavo Wilches . 

F i n a l l y ,  i t  s h o u l d  b e  n o t e d  t h a t  o n e  of t h e  INTERTECT team 

m e m b e r s ,  D a n i e l ,  T ~ r r e a l v a ,  is a f a c u l t y  member of t h e  Pontificia 

W n i v e r s i d a d  C a t 6 l i c a  d e l  K e r b  i n  Lima w h i c h  hosted t h e  Latin 

Rmer i c a n  W o r k s h o p  o n  S e i s m i c  R e s i s t a n t  Ear then Cons t ruc t ion ,  The 

C a t h o l i c  U n i v e r s i t y  i s  a l s o  c u r r e n t l y  doing s ta te -of - the-a r t  AID- 

f u n d e d  r e sea rch  on adobe technology. The team b e n e f i t e d  g r e a t l y  from 

t h e  i n f o r m a t i o n  a n d  exper ience  de r ived  from the U n i v e r s i t y ' s  wsrlc ,  





APPENDIX A 

DESCRIPTION OF THE SENA WECONSTRUCTION PROGRAM - 

The Colombian institution with primziry technical responsibility 

for repair and reconstrtlction efforts in Popayen is the "Servicio 

Nscional de Aprendizaje" (SEM). SENA has regional offices located 

throughout Colombia and has been providing a wide variety of 

vocational training since 1953. In the early 1970's SENA began 

offering courses in self-help construction. SENA's objectives have 

historically been to train people in the construction trades and to 

coot r ibute toward the reduction of the housing deficit. SENA now has 

some 1,600 instructors in self-help construction and, during 1981, 

SENA gave technical assistance to the construction of some 2,000 . 
housing units. SENA calculates that 10% of its trainee& in self-help 

constructi.~n actually get jobs in the construction trade;;. 

The SENA reconstruction program is made up of 4 major projects: 

Consiz~-c tion; Business Development and Job Creation; Vocational 

Training and Production; and Administration (sea organizational chart 

on following page). All four of these projects were conceived and 

designed to be integrally related and focused on short-term 

reconstruct ion as well a s  long-term develcpment of the affected 

communi ~ i e s .  SEW'S target population is the poorest of the earth- 

quake victims. 

Construction Project: 

The Construct ion Project has two sub-projects: selfhelp Con- 

struction and Construction Industry (see chart, p. 16). 

The Self -Help Reconstruction Sub-project is being carried out 

in 36 rural and urban communities (see maps on pages 2 and 33 and is 

adapted to the specific characteristics and circumstances of each 

urban "barri~ " or rura 1 "veredal'. 









-- Personnel that have been trained and organized to replicate 

the self-help construction process in other communities not 

dPrect ly participating in the SENA program. 

--- A determinate number of permanently repaired and rec on- 

structed houses that can later be expanded (as individual 

family resources allow) by family members who were trained 

in construct ion. 

-- - Trained individuals who will subsequently have opportuni- 

ties to seek employment in the construction industry. 

The type of housing to be constructed in each community is 

selected according to the socio-economic and cultural characteristics 

o f each zone acd agreed upon by the comuni ty . Thus, the houses may 
be constructed with adobe, CINVA-Ram blocks, bricks, "bajareque", 

e t c . , so long as they are built using basic seismic resistant son- 
struction principles. 

For operat ionaI reasons, SENR has chosen to work with community 

modules of approximately 15 families as the basic unit. These com- 

munity modules are orgaiiized around the basic goal of repairing or 

reconstructing homes through their co3,lect ive efforts. 

Each module is assigned a team comprised of a community develop- 

ment instructor and a construction instructor -- both of whom are 
SENA employees. Each family, in turn, provides two workers for a 

total of 30 construction workers. One of the two workers provided by 

the f ami ly is designated by SENA as a construction apprentice and is 

provided a small stipend to help make up for the loss to the family 

of his/her income during the reconstruction phase. 

It is estimated that the average time for repairing a house is 

one aonth (depending, of course, on the amount of damage) and about 3 

months for the co~struction of a new house. 



SEMA is a 1 so collaborating with certain international agencies 

(e.g., the World Food Program, UNICEF, etc.) and the local churches 

that are providing some food aid during the time that families are 

participating in the self-help reconstruction program. 

The goals of the project (established in early April 1983) are 

to have completed by January 1, 1984: 

-- - one hundred community modulei with an average of fifteen 

families, organized and trained in self-help construction 

techniques ; 

-- one thousand five hundred families reached in the rural and 

urban areas; 

-- one thousand five hundred homes repaired or reconstructed; 

-- - one thousand five hundred apprentices trained in conotruc- 

tion. 

Aware that i t  could not be effective working in an isolated 

manner or unilaterally, SENA has collaborated and coordinated with a 

number of organizations including public, private, national and 

international agencies. In the urban areas, SENA has worked with the 

Banco Central Hipotecario ( B C H )  and the Instituto de Credito 

Territorial ( I C T )  , both of which provide financial credit. In the 

rural areas, SENA is collaborating with the Caja de Credita Agrario 
i (providing credit) ; the Programa de Desarrollo Rural Integrado 

(providing construction equipment); the Instituto Colombiano de la 

Ref orma Agraria (providing equipment and construction materials) ; the 

Direccidn de Integracidn y Desarrollo de la Communidad (providing 

credi t ) . SENA has also collaborated with UNICEF, the U.N. Develop- 

ment Programme, the International Labor Organization, and the 

Catholic Church. 
s 



Among all of the above institutions, SENA is seen as the main 

provider of technical assistance. 

Ant i c i pat ing a large demand for qualified canstruction workers 

in the private construction sector, SENA also developed a Construc- 

t ion Industry Sub-project to train people more formally in plumbing, 

ma s onry , framework, bricklaying, reinforced concrete work and others. 
In addition, special "continuing educationw-type courses are given to 

members of the professional and construction community in seismic 

resistant construction. 

Briefly, the two other projects under the cverall SENA recon- 

struction program are: 

Vocational Training and Production Project: 

The "Centro MGlt iple" was SENA/Popayinls complex for voca- 

t iona l and artesan training prior to the earthquake. It has now been 

redesigned as a traininglindustrial center that produces construction 

mate r i a 1 s wh i ch wi l 1 be used to support the self-help construct ion 

program. Materials produced include doors, windows, metal trusses, 

e t c . In addi t ion to producing needed construction materials, this 

program provides vocational training in electrical installation, 

welding, metalworking, carpentry, etc. 

Business Development and Job Creation Project: 

Perhaps evea more important than the reconstruction of houses is 

the reconstruction of the economy of the region which suffered the 

10s s of sma 11, medium and large manufacturers and businesses, This 

project seeks to reactivate business at all levels, but especially 

the small and micro-enterprises that were most affected by the 

earthquake. 
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