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DESCRIPTION The objective of this assignment is to help students engage in lectures by reading
and taking notes of the lecture material prior to attending class. The notes will be
collected by the professor before the beginning of class.

NAAB SC OBJECTIVES
Mastered:

SC.4 Technical Documentation

How the program ensures that students understand the established and emerging
systems, technologies, and assemblies of building construction, and the methods
and criteria architects use to assess those technologies against the design,
economics, and performance objectives of projects.

PROCESS Read Allen and lano, Fundamentals of Building Construction, 7th ed.

DELIVERABLES Read Chapter 11
e History P 396-398
e The Material Steel P 398-402
o Steel
o Structural Steel Alloys
e Based on the reading submit as a PDF.
e Your handwritten notes & at least one freehand sketch.

GRADING Each assignment will be grade from 0 to 3 as follows:
0 = Not submitted
1 = minimal requirements met
2 = good notes
3 = very good notes

[Notes 01-Design and Construction Process
Allocation | Exceeded requir Met most requil | Met some i | Barely met requirements
Technical Documentation (S.4)
Notes i Notes icie covered | Notes covered the entire | Notes barely covered the
[Comprehensiveness 40% covered the entire scope of | the entire scope of the reading assignment but scope of the reading
the reading reading i some content was lacking
Notes a Notes a Notes a Notes demonstrated a
Understanding 40% strong ing of the | basic ing of the | limited ing of | minimal understanding of
content content the content the content
On Time
On Time 20% riiff;”;:fiem;r%i dZ;Ethe Submitted on due date Submitted in the class | Submitted a maximum of a
P o Iais 9 sometime during the class | subsequent fo the due date | week after the due date
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Metals In Pre-Modern Building
Construction R

Greek and Roman -'-

bronze cramps
used to join blocks ™
of stone ”

Renaissance
wrought iron
chains and rods
used to counter
thrusts in arches
and vaults
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Making steel was
abor intensive

UJse of steel was
imited to
weapons (e.g.,
Damascus steel
swords), cutlery,
other specialties
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Right: Iron tie ".'-1
rods and e -y
cramps in
masonry
construction, T
Pantheon, Paris, ~*——*= ="
1789
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1750 and later

Growth in use of
cast iron framing
in industrial
buildings and
other structures
Right:
Coalbrookdale
Bridge, 1779, first
all-metal structure
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Right: Crystal -
Palace, 1851; cast {Lenr. /0
iron and glass N U
Eiffel Tower, 1889 &

Wrought iron
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1850 and later

Steel increasingly
plentiful, with large
scale production
methods.

After the U.S. Civil War,

excess steel making
capacity sets the stage
for the first use of steel §

in U.S. buildings.
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1850 and later

Right: Home
Insurance Company
Building, 1885,
William Le Baron
Jenny

First tall building

supported entirely
by a fire-protected
metal frame (cast
iron and steel
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Modern

Steel is one of three
commonly used
noncombustible
structural materials.
Suitable for
buildings of all sizes,
from single family
residences to the
tallest skyscrapers.
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- THE MATERIAL
- STEEL
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The Material Steel

Carbon Content in Iron Alloys

Greater proportions of carbon

generally increase the hardness and
brittleness of the iron alloy.

Carbon Content in Iron Alloys

Cast Iron
Medium and High Carbon Steels
Mild (low carbon) Steel
Wrought Iron
0% 2% 4%

Percent carbon, along with generally
increasing hardness and brittleness

Fundamentals of Building Construction, Materials & Methods, 6" Edition
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The Material Steel

Cast Iron

2% - 4% carbon & TR
Strong in -
compression

Less strong in In
tension

Brittle (vulnerable
to sudden failure)

Fundamentals of Building Construction, Materials & Methods, 6" Edition
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The Mat | Steel _L
Wrought Iron o

Little or no carbon
Strong in tension

Weaker in
compression

Malleable (easily
shaped) and
relatively soft

Fundamentals of Building Construction, Materials & Methods, 6" Edition
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The Material Steel

Steel

[ L LB~ 3

Less than 2%

carbon '

Strong in both e 1101 il
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compression 3 A L (| i
ot i frostc L 1

Ductile (not prone  Falsiy st s
to sudden failure) A i _

(Reliance Building, Chicago,
1895)
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History | Cast Iron & Wrought Iron in Suspension Bridges
Cast Iron A combination of iron and at least 2% carbon. In the 1800’s during AR 18 =ty

with the development of Cast Iron — which was used fo build
Roebling’s time charcoal was used to add the carbon content. Cast cast iron arch bridges starting in 1779 at Coalbrookdale.

Iron was melted and poured into a mold and allowed to cool.

: : . of English suspension bridge which developed starting in 1820
Cast Iron works well in compression and for bridges was used for i ek of Bl Bt
large suspension cable saddles and heavy anchor plates.

Wrought Iron developed later and would be used in the chains

= France would be second to develop both technologies — but

% : - P their technological growth was slowed from the start of the
i ” t- -
Wrotht Iron Wro Ught or worked fron is heated and fO rmed b-v Work!ng W"th French Revolution in 1789 unfil the 1815 Treaty of Vienna and

tools. The beams and girders of Roebling’s later bridges were the defeat of Napoleon | When they began building
wroughi‘ iron Eﬂgl‘.‘Sh engfneers called it “malleable” iron suspension bridges, they adopted the use of wrought iron wire.
Wro Ught ‘fro n works Weh‘ .(-n tensfon and was used for Suspenslfon s Affhough Amencan James Frm‘ey built the first modem chain
it i bi d if h ik suspension bridge in 1801 Jacobs Creel in
chains and wire cabies, suspenders and anchor chain pars. Pennsylvania, predafing both English & French Engil

suspension bridges were built in Amenca from 1816 until 1842

Iron Wire Iron wire used in suspension bridges is wrought iron. When drawn wheir Chaiioe ERl & (who was tinad i Froreh methods

out into thinner and thinner diameters it gains tensile strength. built the Fairmont Bridge using iron wire cables just outside

Philadelphia. John Roebling would build his first iron wire

Steel Roeb.-'ing’s BFOO.‘I(I}/.’T Brrdge was the ﬁrst use Of Galvanized Steel suspension bridge in 1845 — an aqueduct in Pittsburgh across
Wire (coated in zinc). It is less susceptible to rust and is stronger taa ogpiany, ilwer

The
Industrial

The industrial revolution began in England then spread to France and the rest of
Europe and then came to America. Cast iron developed first and then wrought

Revolution

iron. For this reason, England has the greatest number of cast iron arch bridges

Roebling before the bridge
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History | Cast Iron Arch Bridges

1779 Castlron Arch at Coalbrookdale 1796 Buildwas across the Severn River
100’ span Castby Abraham Darby 130’ span Cast Iron Arch by Thomas Telford

Early Cast Y- The 1779 Cast Iron Arch at Coalbrookdale was England's first cast iron arch bridge.

The semi-circular arch did no work well to resist the inward forces of the riverbanks.

Iron Arch
Bridges * Thomas Telford's 1796 span used a shallow arch that worked better structurally to

resist inward forces and used less cast iron to span a greater distance.

Roebling before the bridge
Copyright © 2022 Paul C. King All rights reserved.




© Content by Paul C. King

&
History | Why build a Suspension Bridge?

Prior to the advent of modern iron suspension bridges, most bridges were buift of either wood or
stone. These bridges were built close fo the ground and longer distances were accomplished by
combining multiple short spans with intermediate masonty piers in the river. Stone piers were targets of
winter ice and spring freshets (floods), a disadvantage of this form of construction. Stone bridges also
required wooden falsework be put up to support the stone during construction. After construction was
complete and the stone arch was self-supporting, the wooden falsework was removed. This method of
construction did not work well if the bridge required a long span or if it needed to cross a deep river or
gorge, where the botfom was difficulf to access, and falsework could not be built.

(from Roebling before the bridge)

1796
Cast Iron Sunderland
Wearmouth Bridge

+ The top image illustrates the bridge under
consfruction with wooden fakework in place
and the bottom image shows the bridge
completed.

* A 238-foot span 100 feet above highawater
mark, the bridge used components of a
prototype cast iren arch bridge buit by
American Thomas Paine and exhibited in
1780 near Paddington in London, using
methods he patented in England in 1738,

+ England first large cast iron arch bridge,
a 100-5" span, was built across the River [
Severn at Coalbrookdale in 1781. F & a ;ﬁ_.ﬂ;?fiﬁ%’&

1852-1855 Roebling's  J 19th : ;
NlagaraRa“wayBrﬂlge 19t Century | Suspension Bridges

ki faotn 1R scuen e - Suspension bridges by contrast could be built in difficult locations. If one could get the first rope across, any gorge no

agara Gorge — the world

y
: I?}EIITJE% Sdugi:et t S matter how sleep could be spanned and so bridges could now be constructed in locations that were previously
ing the Unite ates to L.anada

by railway for the first time. impracticable. Suspension bridges simply required a meansto anchorthe suspendedchain or wire cables at eitherend.

Roebling before the bridge
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East River — Brooklyn Bridge | The Anchorages
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1867 John A. Roebling proposed section of anchorage showing wrought iron anchor The Anchorage visible from the outside with
chains extending down to wooden timbers and anchor plate. As built wood timbers did
not extend above the anchor plate but only as foundation to the masonry work. masonry walls. The cables enter at top.

Roebling before the bridge
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East River — Brooklyn Bridge | The Anchorages

October 1878 - Brooklyn Anchorage - Shows the anchor chains as the extend and fransition fo the suspension cable strands.
Note one of the strands looped around a cast iron shoe rotated horizontally during the spinning & the travelling wheel.

Roebling before the bridge
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East River — Brooklyn Bridge | The Anchorages
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Photograph inside the anchorage showing the 19 steel wire strands Depiction showing single strand looped around show and
splitting to 38 strands to loop around the cast iron shoes held above anchor chains until ready for pinning in place

Roebling before the bridge
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East River — Brooklyn Bridge | The Cast Iron Moveable Saddles
4 { 1 ::,—f’f I.f M

l
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TOF OF TOWER, SHOWING SADDLES AND CONNECTIONS.

Drawing of moveable cast iron saddle on rollers at top of towers. Note the suspension cable is tied periodically prior fo wrapping and
the fixed diagonal stays are held in place by restraining bars which extend through the masonry.

Roebling before the bridge
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East River — Brooklyn Bridge | The Cast Iron Moveable Saddles

—— p— = e —— ¥

Examining the saddles inside the fowers.
Note the diagonal stays which run across the sides of the saddles. Also visibleis a large roller below the saddle.

Roebling before the bridge
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Today | Plan your Roebling Road Trip today! — places to visit

1848 | The Delaware Aqueductforthe D& H Canal 1866 | Covington & Cincinnati

e

D & H Canal Historical Society
* High Falls N
= hitpsJhwneew canalmuseum. orgd

The Neversink Museum of History & Innovation

= 26 Hoag Road, Cuddebackville, NY 127592
* hitpsJ/neversinkmuseum.org/

Roebling Museum & the town of Roebling NJ

= 100 2 Avenue, Roebling MJ 08554
* hitpsJ//wwee roeblingmuseum.org/

.

Delaware Covington &
Aqueduct Cincinnati Bridge .
@Lackawaxen PA Kentucky & Ohio Brooklyn Bridge

East River

Roebling before the bridge

D & H Canal History Museum
The Neversink Museum of History & Innovation

Roebling Museum

Copyright © 2022 Paul C. King All rights reserved.



The Material Steel

End of Day 1 Lecture

Reading Notes Assignments:
* Read Chapter 11

* History
. The Material Steel
. Steel

. Structural Steel Alloys

* Assignment:

*  Submit 1 to two pages of reading notes
. hand-written notes and freehand sketches

—  Extra Questions:

What is the difference between cast iron and wrought iron?
- What is the difference between iron and steel?

Fundamentals of Building Construction, Materials & Methods, 6" Edition
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