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The Incredible Inka

Hundreds of years ago, the Inka Empire was the largest
empire on Earth. It stretched for more than 3,200 kilometers
(2,000 miles) along the west side of South America.

ere great builders. They had no iron or steel.
ces of stone and gold. They built cities on the

eir building skills to create roads.

Inka roads (AN-deez) Mountains and

down into valleys. sed strong rivers. The roads
to place. People could

e most impressive
mazingly, some

Inka bridges were made out of'a simp
made from grass.

Some Inka
structures are
still standing.
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This bridge connects
two mountains in Peru.




'A Connected Empire

The city of Cusco (KOOS-koh) can be found in Peru. Long
- ago, Cusco was the home of the Inka. At first, it was the only

- place the Inka controlled. Cusco was a city-state. There were
city-states. Each one was like a small country:.

its own leader.

, the Inka wanted more land. Sometimes, they
ar t@expand. Sometimes, other groups joined the
pire quickly took over a huge area.

of roads. Together, all of these
OO mi. ) Thats enough to go

It was long and
h. One of

e mountains.

these was near the coast. The other was ig

;/



Cusco is still one
of the largest

o ~ cities in Peru.
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The Inka did not use money.
The government gave people
food and clothes in exchange
for goods and services.




Smaller roads connected the two main roads. Roads ,S}
branched off toward many other places, too. Some were o
based on trails that existed before the Inka. The Inka ,
created other roads themselves. The roads were designed m
based on the land around them. o A a)

In the 7 sert, the roads were simple. The Inka marked
paths - .d sometimes built low walls. They did not have
to d. anytl (ng « se ) _- L SN 1y f__'-'_.f;.,,lf_.-'_

énd free,.; u .,old 'j 2 d lanqz e$_tf_§
hlll_y areas-*t 22N itz*‘ ,nilght,,;._. K
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The Inka used llamas

to carry heavy loads.
Llamas have soft feet, so
the roads did not suffer
too much wear and tear.




Rebuilding a Grass Bridge

Every June, villagers come together from both sides
of the Apurimac (ah-poo-REE-mahk) River in Peru.
They gather near a swinging grass bridge. It is called the
Qeswachaka (kes-wah-CHAH-kah) Bridge. Over the next
villagers remake the bridge the way the Inka
ears ago. Women do some jobs, while

the bridge. It was a
among the longest

Grass is prepared to
« make into cords.

o



A

- | A woman prepares grass

-

§l" | to be made into rope.
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Q’eswachaka Bridge




® Men twist and braid the cords together to make strong
rope. For the Qeswachaka Bridge, 30 cords are used to form a
single rope. These ropes are about as thick as a fist.

Next, men braid three ropes to make one thick cable. The
cable is very strong. It is almost as thick as a soccer ball.
are used for the floor of the bridge. Handrails
the bridge are made by twisting two ropes

mount of grass has been twisted and braided,
have been made, the dangerous work
begins. The er takes the lead. He is someone who

has helped rebuild ti bri
architect.

Using the old bridge,
over the canyon. Then, the i t down. It crashes °
into the river and is swept awa ‘ is grass, it does
not pollute the river.

A woman twists .
grass into rope.

A man carries
a handrail.



E‘}af'é}é{'.'u. Sl iyt ot b S/

ENGINEERING
Stable Cables

Each of the cables in the Q’eswachaka Bridge must
be able to carry about 454 kilograms (1,000 pounds).
If not, the bridge will break when people use it. The
cables have been tested, and they can each carry
bout 1,814 kg (4,000 1b.). That means the bridge is

SR 1S

It takes many p

B carry the cables into place.
.. ; *‘ -

eople to help
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People loop the thick cables and tie them to abutments.
These are giant, strong stones with holes drilled into them by
hand to allow cables to pass through. The abutments anchor
the entire bridge. Small stone towers stand on either side of
the bridge. Handrails and floor cables are tied to these towers.

The bridg master climbs onto the thick cables and sits
down. H’. feet dangle on either side. Helpers crowd onto the
bridge sehind hini He ties the floor cables together. He also
ties ropes setw en 'he handrail and the floor. This makes
a wall thar -eep  people “rom falling off the bridge. Tying
the handrails and “Tuor ogether also makes the bridge more
stable.

While the bridgem: :ste: works from one side, another team
works from the other side. b, in._et in the middle. Finally,
a floor of sticks or mats is wdde<’ (o riux- sure that no one slips
between the thick cables.

-l

This team begins to work
& on their side of the bridge. &

A O
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Bridge Basics

Tension is a pulling force. Compression is the
opposite. It's a pushing force. Imagine a spring.
When you pull the spring to make it longer, you
create tengaion. When you push it together, you

The two teams meet in
the middle of the bridge.

BT



Other Inka Bridges

The Spanish who invaded the Inka Empire were
used to short bridges made from stone. They were
terrified of the swaying Inka bridges. Some of them

cross on their hands and knees. They tried
e'the Inka bridges. They built huge stone
f these collapsed. The deep, steep
he Andes were too hard to cross.

emained in place for hundreds
¢ continued to rebuild them.
Slowly, the Inka
chain replaced rope.

This made bridges
that held the handrail

Inka bridges are easiest to cross
In the morning. Afternoons are
windier, so the bridges sway more!




This bridge has
iron abutments.




The Inka replaced most bridges every two or three years.
The Q’eswachaka Bridge could not wait that long. It was
replaced every year. The bridge was long and used by many
people. It had to be very strong. It took about 250 people
working for about two weeks to replace each bridge. One
witness wrote that its cables were “as thick as a man’s body.”

Two ".ridges that crossed the Pampas River are also well
kne .n. In (55 a writer described one of them. He said
L rses ould gal op across the bridge. The other bridge
was mo. ~ fra ile. He ~aid mules had to be walked across
one by one. Th- urir ze was most likely made from thin,
string-like fivers ¢ ! od fir = (FEE-kay). Fique comes from
a plant that grows " 1th a :a. A huge amount of twisting,
weaving, and braiair , w s rea”" ~d to turn the fibers into
thick, strong rope.

Cables are gathered
to move into place.




A group of students at the Massachusetts Institute of
Technology (MIT) made a rope bridge as a class project. They
bought twine, a type of thin, weak rope. They made strong
rope from the twine. The students made a bridge 18 m (60 ft.)
long. They used 80 km (50 mi.) of twine to make the bridge.




Spanning the World

Hundreds of years ago, people made different kinds of
bridges. They made bridges based on what they had to work
with. They came up with smart ways to build bridges.

of India, people made bridges from roots.
roots above the ground. People guided

AL
il .
R % ‘ eYlet the roots grow into the ground on the
i 1“ gfow into strong, sturdy bridges. Some
RER
L \ o
p \ Y
\ Bk \J \! 1 . ; .
Yo \ ) The grass bridges a are a type of suspension
%2 ; . . .
~ | bridge. That mean e air. People in many
LR RE places created suspensio
A In Japan, some suspensio
X Some of these bridges are ve
'} \‘ . . . .
B In China, bridges were made with iron
33 chain. This made them very strong.
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~d T 5 TuR'S _ - — : oM T s, : T -
AR W T
s 1% 3 _ iron chain bridge
N 3 -
ol 3
AR SR R
. R
4 B AR
E R
3K ¥
0. 20
‘%5
SN
A \-I‘ t ]
A
o S (O A LU



Some bridges today
are built with glass
floors. Walking on
them 1s almost like
floating on air!




Suspension bridges are still used, even though they may not
look like the Inka bridges. The Golden Gate Bridge is a famous
example of a suspension bridge. It is in California. Thick cables
hang from giant towers. The cables dip in the middle. They are
thick like the cables used by the Inka. Unlike the Inka, the cables
for the Golden Gate Bridge are made from many thin strings of

all cables.

e Golden Gate Golden Gate Bridge
the rg lway. during construction

Load path is al eps
It describes how weiZhlls
carried. Small cables gMppg
the roadway. The ma
cables support the small
cables. Towers support the
main cables. The towers go
deep into the ground. They
transfer all the weight to the

earth. Huge foundations at
both ends hold the cables tight.

g term.

e e



Why Orange?

When the Golden Gate Bridge

was built in San Francisco, most
bridges were painted black or gray.
The bridge’s designer wanted a
color that would show off the
bridge’s details and size. Black
paint would make those details
hard to see. He wanted a color
that would look good in both fog
and bright sunlight. He wanted
the bridge to be easy for ships and
planes to see. Today, its orange




The bridges of the Inka are made from natural materials.
When grass is cut, it grows back. Grass does not create
pollution. It is not harmful.

Modern bridge builders are trying to be friendlier to the
environment, too. One way is by adding solar panels. The
ridge in London is covered with these panels. The
a busy train station. On a sunny day, the bridge

around the bridge ¢
special walls where

is a bridge built just
ridge goes over a




crossings can be very importa
highways cut through habitats

forced to cross a busy road. This can cause car
accidents and hurt both people and wildlife.




A Bridge in DC

Each year, a festival is held in Washington, DC. It lasts for
two weeks. It has a different theme each year. In 2015, the

festival was all about Peru. Many people went to teach about
their cultare.

rdid grass. They even built an 18-m (60-ft.)
ipPed from Peru! Many people came to

longer common. Bridges
and concrete now.

poY




This grass bridge was built at a
festival in Washington, DC, in 2015.

Ropes are laid out to
be made into cables.




STEAM

CHALLENGE

| advice on
| model of ab

he has asked you to design a
ill begused by cars, bikes, and
have learned about
lete this task!

Constraints: The bgffge
must extend 7 inches.
You can use 200 craft
sticks and a roll of tape to
build your bridge.

Criteria: Your bridge
must be able to hold a
textbook for 30 seconds.




Research and Brainstorm

What type of bridge will you build? Which part of a
bridge must withstand the most force? Will you use
all the materials available?

and Build

r bridge design. Include how many sticks you
to build each part of the bridge. Where will you
ta 1d the model. Make note of any changes
plan,

Test your bridge
the model successfu
during the test? How
design, and try again.

of the bridge fail
vosit? Modify your |

Reflect and Share

Would more of either material improv
and stability? Could you make a success




Glossary

abutments—structures
built to support the ends
of a bridge

architect--a person in
charge of planning a
structure

compression-—a pushing
force

fique—a stroug, natural
fiber that grows in a plant

found in and around Peru

foundations—the bases of
structures

iconic—famous, legendary

llamas—four-legged
animals, like horses or
camels, but smaller

mortar—a substance that
holds stones or bricks
together

paved—covered with
stones

&

t \\

; Q s /

solar panels—batteries
that convert sunlight into
electricity

swaying—shaking gently in
the wind

tension—a pulling force

toll—a payment made
to use a road or cross a
bridge

tourists—people who
go somewhere to take a
vacation
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CAREER ADVICE

from Smithsonian

became an arc
by learning fro

field for you!” —Dr. Ra
National Museum of the A

“Many people think of modern skyscrapers and large
arenas as engineering marvels. However, architects
often get ideas from the past. The Inka were master
engineers. To learn about earlier people like the
Inka, study history, geography, or anthropology.
There’s so much the Inka and other earlier cultures
can teach us” —Amy Van Allen, Project Manager,
National Museum of the American Indian




Read and Respond

1. What were some of the steps taken in building

e Inka bridges important to

the Inka

4. How could th apfoRimprove their
bridges using mofferg @ ¢

5. How would Inka culture haved¥een different if
they had lived in an area th@ was mo
flat land?

W,
6. Create a Venn diagram that comparégand
contrasts an Inka grass bridge and a
modern bridge.
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