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Plenty of earthquakes!



https://www.youtube.com/watch?v=tolfyaY9tWM
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How Often Do Earthquakes Occur?

This figure was 
produced in coop-
eration with the US 
Geological Survey, 
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Memphis

Earthquakes are always happening somewhere.
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The left side of the figure above describes the effects of an earthquake by magnitude. The larger 
the number, the bigger the earthquake.  Significant earthquakes are noted on the left side of the 
shaded tower. The shaded area indicates how many earthquakes of each magnitude occur every year. 
The events on the right side of the tower show equivalent energy release.  

The 2004 earthquake in Haiti, for example, was magnitude 7.0. Earthquakes this size occur about 
20 times each year worldwide. Although the Haiti earthquake is considered moderate in size, it caused 
unprecedented devastation due to poor building material and construction techniques resulting in 
estimates of $11 billion to reconstruct. The earthquake released the energy equivalent to 476 million 
kilograms of explosive, about 100 times the amount of energy that was released by the atomic bomb 
that destroyed the city of Hiroshima during World War II.

The largest recorded earthquake was the Great Chilean Earthquake of May 22, 1960 which had a 
magnitude of 9.5. The great earthquake in 2004 in Sumatra, Indonesia measuring magnitude 9.1 
produced tsunamis that caused widespread disaster in 14 countries. A magnitude 9.0 earthquake in 
Japan in 2011 also caused large tsunamis. All three were mega-thrust earthquakes on subduction-zone 
boundaries that, in a period of minutes, released centuries of accumulated strain and caused rebound in 
the overlying plates.  Because great earthquakes release so much energy, the five largest earthquakes 
are responsible for half of the total energy released by all earthquakes in the last century.

Has earthquake activity been increasing?
There has definitely been an increase in the number of earthquakes that can be detected and located 

due to a more-than 10-fold increase in the number of seismic stations world wide over the past century. 
This doesn’t mean that the annual average number of earthquakes has increased. In fact, earthquakes of 
magnitude 7.0 and greater have remained relatively constant since record keeping began.

Although the average number of large earthquakes per year is fairly constant, they can occur in 
clusters. However, that does not imply that earthquakes that are distant in location, but close in time, 
are causally related. The NEIC locates about 12,000–14,000 earthquakes each year. Those records are 
reflected in the graph above.

Magnitude 2 and smaller earthquakes occur several hundred times a day world wide.  
Major earthquakes, greater than magnitude 7, happen more than once per month.  
“Great earthquakes”, magnitude 8 and higher, occur about once a year. 
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Let’s go back in history…



There must be a scientist 
we can trust!
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368 VALDIVIA. Feb. 1835,

on the road, and next morning reached Valdivia, whence I
proceeded on board.

A few days afterwards I crossed the bay with a party of
officers, and landed near the fort called Niebla. The build-
ings were in a most ruinous state, and the gun-carriages
quite rotten. Mr. Wickham remarked to the commanding
officer, that with one discharge they would certainly all fall
to pieces. The poor man, trying to put a good face upon
it, gravely replied, " No, I am sure, sir, they would stand
two ! " The Spaniards must have intended to have made
this place impregnable. There is now lying in the middle
of the courtyard a little mountain of mortar, which rivals
in hardness the rock on which it is placed. It was brought
from Chile, and cost seven thousand dollars. The revo-
lution having broken out, prevented its being applied to any
purpose, and now it remains a monument of the fallen
greatness of Spain.

I wanted to go to a house about a mile and a half distant;
but my guide said it was quite impossible to penetrate the
wood in a straight line. He offered, however, to lead me, by
following obscure cattle-tracks, the shortest way; the walk,
nevertheless, took no less than three hours! This man is
employed in hunting strayed cattle; yet, well as he must
know the woods, he was not long since lost for two whole
days, and had nothing to eat. These facts convey a good
idea of the impracticability of the forests of these countries.
A question often occurred to me—How long does any
vestige of a fallen tree remain? This man showed me one
which a party of fugitive royalists had cut down fourteen
years ago; and taking this as a criterion, I should think a
bole a foot and a half in diameter would in thirty years
present a mere ridge of mould.

FEBRUARY 20TH.—The day has been memorable in the
annals of Valdivia, for the most severe earthquake expe-
rienced by the oldest inhabitant. I happened to be on shore,
and was lying down in the wood to rest myself. It came on
suddenly, and lasted two minutes; but the time appeared
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Feb. 1835. GREAT EARTHQUAKE. 369

much longer. The rocking of the ground was most sensible.
The undulations appeared to my companion and myself to
come from due east; whilst others thought they proceeded
from south-west; which shows how difficult it is in all cases
to perceive the direction of these vibrations. There was no
difficulty in standing upright, but the motion made me almost
giddy. It was something like the movement of a vessel in a
little cross ripple, or still more like that felt by a person skating
over thin ice, which bends under the weight of his body.

A bad earthquake at once destroys the oldest asso-
ciations : the world, the very emblem of all that is solid,
has moved beneath our feet like a crust over a fluid;—one
second of time has conveyed to the mind a strange idea of
insecurity, which hours of reflection would never have cre-
ated. In the forest, as a breeze moved the trees, I only
felt the earth tremble, but saw no consequences from it.
Captain FitzRoy and the officers were at the town during
the shock, and there the scene was more awful; for although
the houses, from being built of wood, did not fall, yet they
were so violently shaken that the boards creaked and rattled.
The people rushed out of doors in the greatest alarm. I feel
little doubt that it is these accompaniments which cause that
horror of earthquakes, experienced by all those who have
thus seen as well as felt their effects. Within the forest
it was a deeply interesting, but by no means an awe-
exciting phenomenon. The tides were very curiously
affected. The great shock took place at the time of low
water; and an old woman who was on the beach told me,
that the water flowed very quickly, but not in big waves,
to high-water mark, and then as quickly returned to its pro-
per level; this was also evident by the line of wet sand.
This same kind of quick but quiet movement in the tide
happened a few years since at Chiloe, during a slight earth-
quake, and created much causeless alarm. In the course of
the evening there were other weaker shocks, all of which
seemed to produce in the harbour the most complicated cur-
rents, and some of great strength.

VOL. III . 2 B
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370 COXCEPCION. March, 1835.

22D.—We sailed from Valdivia, and on the 4th of March,
entered the harbour of Concepcion. While the ship was
beating up to the anchorage, which is distant several miles, I
was landed on the island of Quinquina. The mayor-domo of
the estate quickly rode down to tell us the terrible news of
the great earthquake of the 20th;—" that not a house in
Concepcion, or Talcuhano, (the port) was standing; that
seventy villages were destroyed; and that a great wave had
almost washed away the ruins of Talcuhano." Of this latter
fact I soon saw abundant proof; the whole coast being
strewed over with timber and furniture, as if a thousand
great ships had been wrecked. Besides chairs, tables, book-
shelves, &c, in great numbers, there were several roofs of
cottages, which had been drifted in an almost entire state.
The storehouses at Talcuhano had burst open, and great
bags of cotton, yerba, and other valuable merchandise, were
scattered about on the shore. During my walk round the
island, I observed that numerous fragments of rock, which,
from the marine productions adhering to them, must
recently have been lying in deep water, had been cast up
high on the beach. One of these was a slab six feet by
three, and about two feet thick.

The island itself as plainly showed the overwhelming power
of the earthquake, as the beach did that of the consequent
great wave. The ground was fissured in many parts, in north
and south lines; which direction perhaps was caused by the
yielding of the parallel and steep sides of the narrow island.
Some of the fissures near the cliffs were a yard wide: many
enormous masses had already fallen on the beach; and the
inhabitants thought, that when the rains commenced, even
much greater slips would happen. The effect of the vibration
on the hard primary slate, which composes the foundation of
the island, was still more curious: the superficial parts of
some narrow ridges were as completely shivered, as if they
had been blasted by gunpowder. This effect, which was
rendered very evident by the fresh fractures and displaced
soil, must, during earthquakes, be confined to near the sur-
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the great earthquake of the 20th;—" that not a house in
Concepcion, or Talcuhano, (the port) was standing; that
seventy villages were destroyed; and that a great wave had
almost washed away the ruins of Talcuhano." Of this latter
fact I soon saw abundant proof; the whole coast being
strewed over with timber and furniture, as if a thousand
great ships had been wrecked. Besides chairs, tables, book-
shelves, &c, in great numbers, there were several roofs of
cottages, which had been drifted in an almost entire state.
The storehouses at Talcuhano had burst open, and great
bags of cotton, yerba, and other valuable merchandise, were
scattered about on the shore. During my walk round the
island, I observed that numerous fragments of rock, which,
from the marine productions adhering to them, must
recently have been lying in deep water, had been cast up
high on the beach. One of these was a slab six feet by
three, and about two feet thick.

The island itself as plainly showed the overwhelming power
of the earthquake, as the beach did that of the consequent
great wave. The ground was fissured in many parts, in north
and south lines; which direction perhaps was caused by the
yielding of the parallel and steep sides of the narrow island.
Some of the fissures near the cliffs were a yard wide: many
enormous masses had already fallen on the beach; and the
inhabitants thought, that when the rains commenced, even
much greater slips would happen. The effect of the vibration
on the hard primary slate, which composes the foundation of
the island, was still more curious: the superficial parts of
some narrow ridges were as completely shivered, as if they
had been blasted by gunpowder. This effect, which was
rendered very evident by the fresh fractures and displaced
soil, must, during earthquakes, be confined to near the sur-
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these provinces, of running out of doors at the first trembling
of the ground, alone saved them. The mayor-domo at
Quinquina told me, that the first notice he received of the
earthquake, was finding both the horse he rode, and himself,
rolling together on the ground. Rising up, he was again
thrown down He also told me that some cows, which were
standing on the steep sides of the island, were rolled into the
sea. The great wave, however, was far more destructive in
this respect: on one low island near the head of the bay,
seventy animals were washed off and drowned. It is gene-
rally thought that this has been the worst earthquake ever
recorded in Chile ; but as the very bad ones occur only after
long intervals, this cannot easily be known; nor indeed would
a much more severe shock have made any great difference,
for the ruin is now complete.

After viewing Concepcion, I cannot understand how the
greater number of inhabitants escaped unhurt. The houses
in many parts fell outwards; thus forming in the middle of
the streets little hillocks of brickwork and rubbish. Mr.
Rous, the English consul, told us that he was at breakfast
when the first movement warned him to run out. He had
scarcely reached the middle of the courtyard, when one side
of his house came thundering down. He retained presence
of mind to remember, that if he once got on the top of that
part which had already fallen, he should be safe. Not
being able, from the motion of the ground, to stand, he
crawled up on his hands and knees; and no sooner had he
ascended this little eminence, than the other side of the house
fell in, the great beams sweeping close in front of his head.
With his eyes blinded, and his mouth choked with the cloud
of dust which darkened the sky, at last he gained the street.
As shock succeeded shock, at the interval of a few minutes,
no one dared approach the shattered ruins; and no one knew
whether his dearest friends and relations might not be perish-
ing from the want of help. The thatched roofs fell over the
fires, and flames burst forth in all parts. Hundreds knew
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Big earthquakes (since Darwin) (>= 8.0)
In current Chile

• 1835, Concepción, 8.1 (est)


• 1837, Valdivia, 8.8-9.5 (est)


• 1868, Arica, 8.5-9.0 (est)


• 1877, Iquique, 8.7-8.9 
(Tsunami killed 5000 in Fiji and 5 in 
Hawaii)
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• That’s it.
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Me:

03:34 AM



Sister: “Is everybody alright???  
Where’s Felipe??”


Me: (Damn, I’ll have to get up now.)

03:35 AM



Sister: “Is everybody alright???  
Where’s Felipe??”


Me: “I’m ok, I’m up!”
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There’s no power.



Power is gone
[Araneda et al. 2010]

• Immediate blackout with 4.5 GW 
out of the power grid (for reference, 
that’s the total power generation 
capacity of the province of 
Saskatchewan)


• Distribution (transformers, power 
lines etc) in several places take 
days or even weeks to repair.
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BASE MAP - PROVINCE OF B.C., MINISTRY OF FORESTS, TIMBER HARVESTING BRANCH, VICTORIA B.C.
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BASE MAP - PROVINCE OF B.C., MINISTRY OF FORESTS, TIMBER HARVESTING BRANCH, VICTORIA B.C.
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BASE MAP - PROVINCE OF B.C., MINISTRY OF FORESTS, TIMBER HARVESTING BRANCH, VICTORIA B.C.
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BASE MAP - PROVINCE OF B.C., MINISTRY OF FORESTS, TIMBER HARVESTING BRANCH, VICTORIA B.C.
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BASE MAP - PROVINCE OF B.C., MINISTRY OF FORESTS, TIMBER HARVESTING BRANCH, VICTORIA B.C.
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There’s no power.



Lesson 1:


You’ll need a light source



Mom: “Get all the pots and fill them with 
water, also the tub.”

03:36 AM



There’s no power.



There’s no power.



There’s no power,
There’s no water.



There’s no power,
There’s no water.



1:250000

NAD 1983
UTM Zone 10N

The water mains of Metro Vancouver Map created on Fri Nov 27 2020

Metro Vancouver makes no warranties or representations regarding the accuracy or currency of information provided on this map. This map may not be reproduced or redistributed without the consent of Metro Vancouver.

6km6km

Legend

Water Treatment Plants

Chlorination Buildings

Reservoirs

Water Pump Stations

Dams

Re-Chlorination Stations

Water Mains



1:250000

NAD 1983
UTM Zone 10N

The water mains of Metro Vancouver Map created on Fri Nov 27 2020

Metro Vancouver makes no warranties or representations regarding the accuracy or currency of information provided on this map. This map may not be reproduced or redistributed without the consent of Metro Vancouver.

6km6km

Legend

Water Treatment Plants

Chlorination Buildings

Reservoirs

Water Pump Stations

Dams

Re-Chlorination Stations

Water Mains



Lesson 2:


You’ll need water.


about 4lt per person per day


(plan for 3 days min)


plus the toilet



Everybody is safe, we have (some) light, 
we have water.


03:40 AM



Everybody is safe, we have (some) light, 
we have water.


Q: Is everybody else safe?

03:40 AM





Text “We are safe” to someone out of the area



Text “We are safe” to someone out of the area

The internet should work



Text “We are safe” to someone out of the area

The internet should work
should
should
should

should
should

should
should
should

should
should
should

should



Text “We are safe” to someone out of the area

The internet should work
should
should
should

should
should

should
should
should

should
should
should

should



“I’ll check on the news sites some info 
about the earthquake”


03:50 AM



(1 min for page loading)

(generalities about the earthquake)


03:50 AM



(refresh)

Network connection error.


03:55 AM



There’s no power.



There’s no power  
in the whole country
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Everybody is safe, we have (some) light, 
we have water.


Is everybody else safe?

03:40 AM



Mom: Get the Battery Radio

03:42 AM



Mom: Get the Battery Radio

03:42 AM



Not much going on in the radio, 
but there is one radio 
transmitting: Not knowing 
much, but calming people.

03:45 AM



THIS IS IMPORTANT:

If you live alone, you will want to 

hear from someone, and there 
might be NO INTERNET.

03:45 AM



Also you want to know:

Tsunami? Is water potable? 
Evacuation alerts? etc.

03:45 AM



Lesson 3:

Get a battery-powered FM/AM 

radio.   
ESPECIALLY IF YOU LIVE ALONE

03:45 AM



4:00 AM



Agreement: There’s nothing else we can 
do now. Let’s go to bed.

4:00 AM



9:00 AM



There is no power, but 
 the houses around look all OK

9:00 AM



11:00 AM



Power comes back.

11:00 AM
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Internet comes back.

11:00 AM



12:00 AM



TV comes back.

12:00 AM



We are here



We are here

 

GCR 12-917-18 1: Introduction 1-7 

Modern engineered buildings generally performed very well, with only a few cases of 
collapse noted.  EERI (2010) reported that approximately 50 multi-story reinforced 
concrete buildings were severely damaged, and four experienced partial or total 
collapse.  Based on building surveys in the metropolitan region, the Engineers 
Association of Chile (2010) estimated that approximately 2% of engineered buildings 
experienced severe damage or collapse; 12% were damaged such that they were not 
useable until repaired; and 86% were useable immediately following the earthquake. 

The Department of Civil Engineering, Faculty of Mathematics and Physical Sciences 
at the University of Chile maintains a strong-motion network in central and southern 
Chile.  More than 20 stations recorded free-field ground motions from the 2010 
Maule earthquake (Boroschek et al., 2010).  Table 1-1 summarizes ground motion 
recordings with reported peak ground accelerations ranging as high 0.93g.  Selected 
acceleration response spectra are shown in the figures that follow.   

Table 1-1 Summary of Ground Motion Recordings from the 2010 Maule Earthquake (Boroschek 
et al., 2010) 

No. Station Region Latitude Longitude 
Station 
Type1 

Peak Ground 
Acceleration, g 

      Dir. Value 

1 Angol2 IX -37.7947o (S) -72.7081o (W) QDR NS 0.928 
2 Concepción VIII -36.8261o (S) -73.0547o (W) SMA-1 Long. 0.402 
3 Constitución VII -35.3401o (S) -72.4057o (W) SMA-1 Trans. 0.640 
4 Copiapo III -27.355o (S) -70.3413o (W) QDR NS 0.030 
5 Curico VII -34.9808o (S) -71.2364o (W) QDR NS 0.470 
6 Hualane VII -34.95o (S) -71.80o (W) SMA-1 Trans. 0.461 
7 Llolleo V -33.6167o (S) -71.6176o (W) SMA-1 Trans. 0.564 
8 Matanzas VI -33.9593o (S) -71.8727o (W) SMA-1 Long. 0.342 
9 Papudo V -32.5114o (S) -71.4471o (W) SMA-1 Trans. 0.421 
10 Santiago- Centro RM -33.46o (S) -70.69o (W) SSA-2 Trans. 0.309 
11 Santiago- La Florida RM -33.5248o (S) -70.5383o (W) K2 NS 0.236 
12 Santiago- Maipu RM -33.5167o (S) -70.7667o (W) QDR NS 0.562 
13 Santiago- Penalolen RM -33.50o (S) -70.579o (W) QDR NS 0.295 
14 Santiago- Puente Alto RM -33.5769o (S) -70.5811o (W) QDR NS 0.265 
15 Talca VII -35.4233o (S) -71.66o (W) SMA-1 Long. 0.477 
16 Vallenar III -28.5716o (S) -70.759o (W) QDR NS 0.020 
17 Valparaiso- UTFSM V -33.0356o (S) -71.5953o (W) SMA-1 Trans. 0.304 
18 Valparaiso- Almendral V -33.0458o (S) -71.6068o (W) SMA-1 Trans. 0.265 
19 Valvidia X -39.8244o (S) -73.2133o (W) QDR EW 0.138 
20 Viña del Mar- Centro V -33.0253o (S) -71.5508o (W) QDR EW 0.334 
21 Viña del Mar- El Salto V -33.0469o (S) -71.51o (W) Etna NS 0.351 

1 QDR: Free-field analog, U. Chile; SMA-1: Free-field analog, U. Chile; Etna: Free-field digital, U. Chile; SSA-2: Free-field digital, 
U. Chile; K2: Free-field digital, METRO S.A. 

2 Station soil-structure interaction under evaluation. 
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Portland is about 10296 km (6400 miles, 92.76°) from the location of this earthquake. 

It took 13 minutes and 6 seconds (786 seconds) for the 
compressional P waves to travel a curved path through the 
mantle from Chile to Portland.  PP waves are 
compressional waves that bounce off the Earth’s surface 
halfway between the earthquake and the seismic station.  
PP energy arrived 16 minutes and 48 seconds (1008 
seconds) after the earthquake.

The S waves arrived 24 minutes and 6 seconds (1446 
seconds) after the earthquake.

Surface wave energy required 
approximately 39 minutes and 14 
seconds (2354 seconds) to travel the 
10296 km (6400 miles) around the 
perimeter of the Earth from Chile to 
Portland, Oregon.

Magnitude 8.8 OFFSHORE MAULE, CHILE
Saturday,  February 27, 2010 at 06:34:17 UTC 
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Fixed in 8 months
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368 VALDIVIA. Feb. 1835,

on the road, and next morning reached Valdivia, whence I
proceeded on board.

A few days afterwards I crossed the bay with a party of
officers, and landed near the fort called Niebla. The build-
ings were in a most ruinous state, and the gun-carriages
quite rotten. Mr. Wickham remarked to the commanding
officer, that with one discharge they would certainly all fall
to pieces. The poor man, trying to put a good face upon
it, gravely replied, " No, I am sure, sir, they would stand
two ! " The Spaniards must have intended to have made
this place impregnable. There is now lying in the middle
of the courtyard a little mountain of mortar, which rivals
in hardness the rock on which it is placed. It was brought
from Chile, and cost seven thousand dollars. The revo-
lution having broken out, prevented its being applied to any
purpose, and now it remains a monument of the fallen
greatness of Spain.

I wanted to go to a house about a mile and a half distant;
but my guide said it was quite impossible to penetrate the
wood in a straight line. He offered, however, to lead me, by
following obscure cattle-tracks, the shortest way; the walk,
nevertheless, took no less than three hours! This man is
employed in hunting strayed cattle; yet, well as he must
know the woods, he was not long since lost for two whole
days, and had nothing to eat. These facts convey a good
idea of the impracticability of the forests of these countries.
A question often occurred to me—How long does any
vestige of a fallen tree remain? This man showed me one
which a party of fugitive royalists had cut down fourteen
years ago; and taking this as a criterion, I should think a
bole a foot and a half in diameter would in thirty years
present a mere ridge of mould.

FEBRUARY 20TH.—The day has been memorable in the
annals of Valdivia, for the most severe earthquake expe-
rienced by the oldest inhabitant. I happened to be on shore,
and was lying down in the wood to rest myself. It came on
suddenly, and lasted two minutes; but the time appeared
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Feb. 1835. GREAT EARTHQUAKE. 369

much longer. The rocking of the ground was most sensible.
The undulations appeared to my companion and myself to
come from due east; whilst others thought they proceeded
from south-west; which shows how difficult it is in all cases
to perceive the direction of these vibrations. There was no
difficulty in standing upright, but the motion made me almost
giddy. It was something like the movement of a vessel in a
little cross ripple, or still more like that felt by a person skating
over thin ice, which bends under the weight of his body.

A bad earthquake at once destroys the oldest asso-
ciations : the world, the very emblem of all that is solid,
has moved beneath our feet like a crust over a fluid;—one
second of time has conveyed to the mind a strange idea of
insecurity, which hours of reflection would never have cre-
ated. In the forest, as a breeze moved the trees, I only
felt the earth tremble, but saw no consequences from it.
Captain FitzRoy and the officers were at the town during
the shock, and there the scene was more awful; for although
the houses, from being built of wood, did not fall, yet they
were so violently shaken that the boards creaked and rattled.
The people rushed out of doors in the greatest alarm. I feel
little doubt that it is these accompaniments which cause that
horror of earthquakes, experienced by all those who have
thus seen as well as felt their effects. Within the forest
it was a deeply interesting, but by no means an awe-
exciting phenomenon. The tides were very curiously
affected. The great shock took place at the time of low
water; and an old woman who was on the beach told me,
that the water flowed very quickly, but not in big waves,
to high-water mark, and then as quickly returned to its pro-
per level; this was also evident by the line of wet sand.
This same kind of quick but quiet movement in the tide
happened a few years since at Chiloe, during a slight earth-
quake, and created much causeless alarm. In the course of
the evening there were other weaker shocks, all of which
seemed to produce in the harbour the most complicated cur-
rents, and some of great strength.
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370 COXCEPCION. March, 1835.

22D.—We sailed from Valdivia, and on the 4th of March,
entered the harbour of Concepcion. While the ship was
beating up to the anchorage, which is distant several miles, I
was landed on the island of Quinquina. The mayor-domo of
the estate quickly rode down to tell us the terrible news of
the great earthquake of the 20th;—" that not a house in
Concepcion, or Talcuhano, (the port) was standing; that
seventy villages were destroyed; and that a great wave had
almost washed away the ruins of Talcuhano." Of this latter
fact I soon saw abundant proof; the whole coast being
strewed over with timber and furniture, as if a thousand
great ships had been wrecked. Besides chairs, tables, book-
shelves, &c, in great numbers, there were several roofs of
cottages, which had been drifted in an almost entire state.
The storehouses at Talcuhano had burst open, and great
bags of cotton, yerba, and other valuable merchandise, were
scattered about on the shore. During my walk round the
island, I observed that numerous fragments of rock, which,
from the marine productions adhering to them, must
recently have been lying in deep water, had been cast up
high on the beach. One of these was a slab six feet by
three, and about two feet thick.

The island itself as plainly showed the overwhelming power
of the earthquake, as the beach did that of the consequent
great wave. The ground was fissured in many parts, in north
and south lines; which direction perhaps was caused by the
yielding of the parallel and steep sides of the narrow island.
Some of the fissures near the cliffs were a yard wide: many
enormous masses had already fallen on the beach; and the
inhabitants thought, that when the rains commenced, even
much greater slips would happen. The effect of the vibration
on the hard primary slate, which composes the foundation of
the island, was still more curious: the superficial parts of
some narrow ridges were as completely shivered, as if they
had been blasted by gunpowder. This effect, which was
rendered very evident by the fresh fractures and displaced
soil, must, during earthquakes, be confined to near the sur-
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Earthquake-safe buildings:

You will be able to get out



 

GCR 12-917-18 5: Comparison of U.S. and Chilean Seismic Design Practice 5-3 

5.2 Observed Earthquake Damage 

The case study building sustained significant damage as a result of the 2010 Maule 
earthquake.  Damage consisted of horizontal and diagonal cracking, spalling, 
crushing, and bar buckling in the reinforced concrete shear walls.  Damage was 
concentrated primarily in the first story of the transverse shear walls, which led to 
differential vertical displacements on the order of 40 cm (16 in.) in the upper stories 
that damaged reinforced concrete beams and floor slabs.   

Photos of observed damage are shown in Figures 5-3 through 5-7.  Cracking and 
spalling were attributed to the “flag-shaped” configuration of the shear walls, which 
resulted in reduced cross-sections and increased stresses where demands were 
expected to be the highest.  Crushing and bar buckling were attributed to a lack of 
confinement reinforcing in the form of closed hoops and cross ties in the shear wall 
boundary zones.  In spite of the observed damage, however, the case study building 
did not collapse. 

 
Figure 5-3 Transverse elevation of the case study building showing differential 

vertical displacements following the 2010 Maule earthquake (photo 
courtesy of Patricio Bonelli). 
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Figure 5-4 Overall damage sustained in the first-story transverse shear walls of 

the case study building (photo courtesy of Patricio Bonelli). 

 
Figure 5-5 Cracking, spalling, crushing, and bar buckling in the transverse shear 

wall on Line 9 (photo courtesy of Patricio Bonelli). 
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Figure 5-6 Cracking, spalling, crushing, and bar buckling in the transverse shear 

wall on Line 5 (photo courtesy of Patricio Bonelli). 

 
Figure 5-7 Crushing and bar buckling in the transverse shear wall on Line 1 

resulting in significant differential vertical displacement (photo 
courtesy of Patricio Bonelli). 











Coastal Chile has a history of 
very large earthquakes. Since 
1973, there have been 13 
events of magnitude 7.0 or 
greater. 

The February 27 shock 
originated about 230 km north 
of the source region of the 
magnitude 9.5 earthquake of 
May, 1960 – the largest 
earthquake worldwide in the 
last 200 years or more.

An outline of the approximate 
rupture from this Magnitude 8.8 
earthquake and it’s relationship 
to the largest earthquakes along 
the coast of Chile this century.  

Magnitude 8.8 OFFSHORE MAULE, CHILE
Saturday,  February 27, 2010 at 06:34:17 UTC 



The 2010 Chile (Concepción) earthquake

• By GPS, Concepción moved 10 feet (~3m) west. Santiago, 24cm west, 
Buenos Aires, 4cm west.


• Shortened the day by 1.26 microseconds


• Moved the earth’s axis by ~8cm


• Seiches in Lake Pontchartrain, New Orleans. 



https://www.youtube.com/watch?v=2unEFBwWEkE


https://www.youtube.com/watch?v=2unEFBwWEkE


The 2010 Chile (Concepción) earthquake
And Tsunami

• By GPS, Concepción moved 10 feet (~3m) west. Santiago, 24cm west, 
Buenos Aires, 4cm west.


• Shortened the day by 1.26 microseconds


• Moved the earth’s axis by ~8cm


• Seiches in Lake Pontchartrain, New Orleans. 







https://www.youtube.com/watch?v=nZ9Du7VfdSg


https://www.youtube.com/watch?v=nZ9Du7VfdSg


If the earthquake is strong enough that 
you can’t stand, Tsunami risk is high



Aftershocks

A large vigorous aftershock sequence can be expected from this earthquake.

At this time, ~ 90 aftershocks > M 5 have been 
recorded, including a M 6.9. Aftershocks 
typically follow earthquakes, as motion of the 
crust in one location puts pressure on weak 
spots along earthquake fault lines, triggering 
further motion. This figure was created with the 
IRIS Earthquake Browser (IEB).  Use the IEB to 
explore the aftershock sequence!

An earthquake large enough to cause 
damage will probably be followed by 
several felt aftershocks within the first 
hour. The rate of aftershocks decreases 
quickly - the decrease is proportional to 
the inverse of time since the main shock. 
This means the second day has about 
1/2 the number of aftershocks of the first 
day and the tenth has about 1/10 the 
number of the first day. These patterns 
describe only the overall behavior of 
aftershocks; the actual times, numbers 
and locations of the aftershocks are 
random.

Magnitude 8.8 OFFSHORE MAULE, CHILE
Saturday,  February 27, 2010 at 06:34:17 UTC 



Aftershocks

• 130 by March 6th, 13 over 6.0 .


• 6.9 on March 11th


• 6.7 on March 15th


•
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Aftershocks

• 130 by March 6th, 13 over 6.0 .


• 6.9 on March 11th


• 6.7 on March 15th


• That’s an aftershock the size of Los Angeles’ 1994 earthquake



https://www.youtube.com/watch?v=LeD34MpdA2I


https://www.youtube.com/watch?v=LeD34MpdA2I


Airport

• No damage on runways or control tower



Airport

• No damage on runways or control tower

• Time to commercial flight reopening:  
3 days (March 1st)



The university term back in Santiago

Delayed by …




The university term back in Santiago

Delayed by 3 weeks. 
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5-2 5: Comparison of U.S. and Chilean Seismic Design Practice GCR 12-917-18 

The structural system consists of a 13 cm (5 in.) reinforced concrete slab supported 
by 20 cm (8 in.) reinforced concrete bearing walls.  Concrete was assumed to have a 
specified compressive strength cf c= 4,000 psi.   

 
Figure 5-1  Typical floor plan, Chilean case study building. 

 
Figure 5-2 Transverse wall elevations, Chilean case study building. 
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5.2 Observed Earthquake Damage 

The case study building sustained significant damage as a result of the 2010 Maule 
earthquake.  Damage consisted of horizontal and diagonal cracking, spalling, 
crushing, and bar buckling in the reinforced concrete shear walls.  Damage was 
concentrated primarily in the first story of the transverse shear walls, which led to 
differential vertical displacements on the order of 40 cm (16 in.) in the upper stories 
that damaged reinforced concrete beams and floor slabs.   

Photos of observed damage are shown in Figures 5-3 through 5-7.  Cracking and 
spalling were attributed to the “flag-shaped” configuration of the shear walls, which 
resulted in reduced cross-sections and increased stresses where demands were 
expected to be the highest.  Crushing and bar buckling were attributed to a lack of 
confinement reinforcing in the form of closed hoops and cross ties in the shear wall 
boundary zones.  In spite of the observed damage, however, the case study building 
did not collapse. 

 
Figure 5-3 Transverse elevation of the case study building showing differential 

vertical displacements following the 2010 Maule earthquake (photo 
courtesy of Patricio Bonelli). 
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Figure 5-4 Overall damage sustained in the first-story transverse shear walls of 

the case study building (photo courtesy of Patricio Bonelli). 

 
Figure 5-5 Cracking, spalling, crushing, and bar buckling in the transverse shear 

wall on Line 9 (photo courtesy of Patricio Bonelli). 
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Figure 5-6 Cracking, spalling, crushing, and bar buckling in the transverse shear 

wall on Line 5 (photo courtesy of Patricio Bonelli). 

 
Figure 5-7 Crushing and bar buckling in the transverse shear wall on Line 1 

resulting in significant differential vertical displacement (photo 
courtesy of Patricio Bonelli). 
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In “T-shaped” wall configurations, ACI 318 specifies that the effective width of the 
flange should not exceed 25% of the height of the wall.  The calculated tensile strain 
of 0.375 in/in exceeds the rupture strain of approximately 0.10 in/in.  Excessive strain 
in the stem of “T-shaped” walls has been shown to limit the flexural capacity of the 
wall section, and negatively impact the ductility capacity.  This result is consistent 
with observations of damage in the transverse shear walls following the 2010 Maule 
earthquake. 

5.4 Design and Analysis of U.S. Configuration 

In contrast with Chilean practice, U.S. practice is to configure buildings with longer 
spans and fewer structural walls.  As a consequence, walls are thicker, allowing for 
easier placement of confinement reinforcing and lower compressive strains.  A shear 
wall configuration for a hypothetical building was developed consistent with U.S. 
practice.  A comparison with the Chilean shear wall layout is shown in Figure 5-24. 

 

 
Figure 5-24 Comparison of U.S. configuration with Chilean shear wall layout. 
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This comparison is intended to illustrate differences in structural design practice and 
quantify the effects on detailing and potential behavior.  No attempt was made to 
optimize the design of the U.S. configuration.  It should also be noted that the U.S. 
configuration would not be suitable for Chilean architectural practice in which 
concrete walls also serve as partitions, acoustical barriers, and fire protection between 
units.   

In the Chilean wall configuration, setbacks were provided at the base of the 
transverse walls.  In the U.S. configuration, fewer walls provide fewer obstacles to 
circulation within the building.  As a result, the setbacks have been eliminated and 
the base of the walls expanded to improve overturning resistance.  Typical Chilean 
and U.S. transverse shear wall elevations are compared in Figure 5-25.  

       
 (a)  (b)  

Figure 5-25 Comparison of typical transverse wall elevations: (a) Chilean configuration; 
and (b) U.S. configuration. 

In designs with fewer walls, reliance on diaphragms and collectors to deliver loads to 
the walls is much greater.  NCh433.Of96 requires that diaphragms have adequate 
strength and stiffness, but no other criteria are provided.  ASCE/SEI 7-05 includes 
provisions for diaphragm design in which design forces are amplified relative to story 
forces to account for higher mode effects.  Further amplification is required when 
certain building irregularities are present.  Collector elements are intended to remain 
elastic, and special load combinations including the overstrength factor, :0, are used 
to provide this behavior. 
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Figure 5-27 Maximum story drift ratios in the transverse direction for the U.S. 

building configuration, calculated per ASCE/SEI 7-05.  

Figures 5-28 and 5-29 compare the maximum story drift ratios and maximum 
displacements in the transverse direction for the U.S. configuration and the Chilean 
configuration of case study building.   

 
Figure 5-28 Comparison of normalized story drift ratios for the U.S. configuration 

and the Chilean configuration, in the transverse direction at the 
center of mass. 
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Figure 5-32 Shear wall boundary element detailing for the U.S. configuration. 

5.5 Observations and Conclusions on U.S. and Chilean Seismic 
Design Practice  

Differences in U.S. and Chilean seismic design practice are the result of evolution in 
construction techniques, differences in labor costs as a portion of total construction 
costs, and differences in the roles that structural engineers play in the building design 
process.  Traditional Chilean practice is to configure buildings with relatively short 
floor spans and many load-bearing walls providing gravity and seismic force 
resistance.  As a result, typical Chilean buildings have highly redundant 
configurations.  This practice likely contributed to the ability of many buildings to 
withstand severe damage without collapse.  As a consequence of this redundancy, 
and past experience with typical building configurations, requirements for ductile 
detailing in Chile are relaxed relative to U.S. requirements.  

In contrast, U.S. practice is to configure buildings with longer spans and fewer 
structural walls.  As a result, walls are thicker, allowing for easier placement of 
confinement reinforcing, and increased ductility capacity.  As a consequence, U.S. 
designs have comparatively less redundancy than Chilean designs.   

The Chilean case study building experienced severe damage and differential vertical 
displacement in the transverse shear walls as a result of the 2010 Maule earthquake.  
Cracking and spalling were attributed to the “flag-shaped” configuration of the shear 
walls, and crushing and bar buckling were attributed to a lack of confinement 
reinforcing in the form of closed hoops and cross ties in the shear wall boundary 
zones.  In spite of this damage, the building did not collapse. 
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R, as specified in ASCE/SEI 7-05.  The results are compared in Figures 5-12 through 
5-19 for story drift ratios at the center of mass and extreme corners of the building.  
In all cases, an accidental torsional eccentricity of 5% has been included. 

 
Figure 5-12 Maximum story drift ratios in the longitudinal direction at the center of 

mass, calculated per NCh433.Of96. 

 
Figure 5-13 Maximum story drift ratios in the longitudinal direction at an extreme 

corner, calculated per NCh433.Of96. 
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Figure 5-16 Maximum story drift ratios in the longitudinal direction at the center of 

mass, calculated per ASCE/SEI 7-05. 

 
Figure 5-17 Maximum story drift ratios in the longitudinal direction at an extreme 

corner, calculated per ASCE/SEI 7-05. 
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R, as specified in ASCE/SEI 7-05.  The results are compared in Figures 5-12 through 
5-19 for story drift ratios at the center of mass and extreme corners of the building.  
In all cases, an accidental torsional eccentricity of 5% has been included. 
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Figure 5-13 Maximum story drift ratios in the longitudinal direction at an extreme 
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Figure 5-16 Maximum story drift ratios in the longitudinal direction at the center of 

mass, calculated per ASCE/SEI 7-05. 

 
Figure 5-17 Maximum story drift ratios in the longitudinal direction at an extreme 

corner, calculated per ASCE/SEI 7-05. 
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Figure 5-14 Maximum story drift ratios in the transverse direction at the center of 

mass, calculated per NCh433.Of96. 

 
Figure 5-15 Maximum story drift ratios in the transverse direction at an extreme 

corner, calculated per NCh433.Of96. 
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Figure 5-18 Maximum story drift ratios in the transverse direction at the center of 

mass, calculated per ASCE/SEI 7-05. 

 
Figure 5-19 Maximum story drift ratios in the transverse direction at an extreme 

corner, calculated per ASCE/SEI 7-05. 

Because the San Francisco spectrum includes a short period plateau, the Viña del 
Mar spectrum produced higher drifts in all cases.  Although NCh433.Of96 specifies 
the use of gross section properties, drift demands exceeded ASCE/SEI 7-05 drift 
demands calculated using effective section properties and a displacement 
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Figure 5-27 Maximum story drift ratios in the transverse direction for the U.S. 

building configuration, calculated per ASCE/SEI 7-05.  

Figures 5-28 and 5-29 compare the maximum story drift ratios and maximum 
displacements in the transverse direction for the U.S. configuration and the Chilean 
configuration of case study building.   

 
Figure 5-28 Comparison of normalized story drift ratios for the U.S. configuration 

and the Chilean configuration, in the transverse direction at the 
center of mass. 
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Figure 5-18 Maximum story drift ratios in the transverse direction at the center of 

mass, calculated per ASCE/SEI 7-05. 

 
Figure 5-19 Maximum story drift ratios in the transverse direction at an extreme 

corner, calculated per ASCE/SEI 7-05. 
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