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Steel framing characteristics.

Advantages:

- L ight in propor tion to its strength;
- Strong and stiff  (not the same); 
- Quick to erect;
- Precise and predictable mater ial;
- Recyclable.

Disadvantages:

- Corrodes, and
- Weakens quickly under high 
temperatures with a quick drop of 
strength and large deformations.



Fireproofing: The reason why Codes limit the use of exposed steel is evident from 
the figure below.



Cast iron, wrought iron and Steel.

Although steel was known to the Romans, they were able to only produce very small 
batches for their  swords and spear heads. 

Production of iron products remained limited up to the mid-1800s in the form of cast 
iron, which is an alloy of steel with 3 to 4% carbon. The first structural use of cast iron 
was a br idge in England dur ing the late 1700s, which is still in use today. However, cast 
iron is very br ittle (breaks like glass) and is difficult to work into structural shapes. 
Wrought iron is easier to form and became popular in mid-1800s. 

By the late 1800s the manufactur ing processes of steel developed to such a high degree By the late 1800s the manufactur ing processes of steel developed to such a high degree 
that it became the first choice of structural mater ial.

One definition of steel is any range of alloys of iron with less than 2% carbon. I f the 
carbon content exceeds 2%, the steel is harder but br ittle. I f the percent of carbon is 
less than 0.1% the steel is weak and soft. An optimal percentage of carbon is around 
0.3%. However, many other factors are involved, and commercial steel is sold in a wide 
range of strengths, from 36 ksi to over 270 ksi (kips per square inch).

Steel is sold in hundred pound units (cwt). I t is commonly pr iced including labor, for 
example $ 120/cwt.



The Eiffel Tower was built with wrought iron and was completed in 1889.
I t took 5 months to build the foundations and 21 months for the tower.

15 March 1888 14 Sept. 1888 26 Dec. 1888 12 March 1889



The Eiffel Tower was built with 18,000 
pieces of wrought iron sections held together 
with 2,500,000 r ivets.



Steel production.
Steel is produced at a steel mills, which are most often mini-mills in each area of the 
nation. These small (mini-mills) produce most the structural steel in the US. There are a 
large number of standard steel shapes and therefore these mini-mills can not produce 
every shape. Some shapes must be purchased elsewhere in the US, or impor ted. The 
production of structural shapes takes place by passing hot steel through a ser ies of rollers 
(called, hot rolled shapes), which are then cut and allowed to cool.

This mill is turning 
a steel flat sheet a steel flat sheet 
into a cor rugated 
sheet for use as 
floor decking.



Steel Alloys.
The most commonly used steel in construction is a mild structural steel (Grade 50), 
which means that it has a yield strength of 50 ksi. The older A36 (36 ksi) steel is no 
longer produced in the US, although it is still sold widely from other sources. There are 
higher strength steels (for example, 60 ksi for reinforcing bars, 75 ksi for structural 
shapes and 270 ksi for post-tensioning strands). There are also weather ing steels, where 
the sur face oxidation forms a protective coating and eliminates painting or other 
protective coatings. Galvanized steel is still used for protective coated steels, especially 
for cr itical structures, such as br idges and structures in cor rosive sites.

oxidized coating on weathering steel



An office building with weather ing steel



One of the most common structural shapes is the wide flange, used as beams and 
columns in buildings and br idges. Their sizes range from a depth of 4” to 40” , and weigh 
from 9 pounds per linear feet (9 plf) to 730 plf.



Wide flange steel beams ready for assembly in a tall building.



Wide flange beams are being used as end bear ing piles (on rock) for this foundation.



Steel Wide Flange Designations.

For example, consider a W 12 X 26; the W = wide flange 
designation, the 12 = nominal depth (inches – see figure 
at r ight) and the 26 = weight (pounds) per linear feet. 

Thus, W12 x 26 - 12’ long weighs = 312 #.

Depth

Flanges
Web

Flanges
Web



Steel Angle designations.

Angles are used as shor t beams that can suppor t 
relatively light loads, such as lintels over doors and 
windows. They are also used as connectors, to suppor t 
veneers or skin suppor ts (claddings), as edge suppor ts 
and as diagonal bracing.

For example, consider a L 4 x 4 x ½; the L = angle 
designation; the 4 x 4 = size of each leg (inches) and the 
1/2 = thickness of the steel at the legs (inches). Notice 
that each leg can be different in size and thickness. Size

Thickness

that each leg can be different in size and thickness. Size



A curved steel angle serves as the structural lintel for this window.



Curved steel tubing being used for the cladding suppor t.



Steel Channels Sections (C Shape).

Channels serve to car ry higher loads than angles, and serve 
as truss members, for bracing, as lintels for large spans, etc.

For example, consider the channel section C 9 x 13.4. This 
means, C = channel designation, the 9 = is the nominal depth 
(inches) and the 13.4 = is the weight per linear feet (in 
pounds).

Depth



Open Web Steel Joists.  Joists are mass produced in shops from small steel angles and 
round rods, etc. They are commonly used to suppor t floors and roofs. The span and 
spacing of joists depend on the loads they must car ry. Spacing between joists is 
commonly from 2 to 10 feet. Spans are designated by their “ ser ies” . For example, the K-
ser ies (spans up to 60 feet), the LH ser ies or (Longspan) span up to 96 feet, the DLH 
ser ies (Deep Longspan) span up to 144 feet.



K-ser ies trusses delivered to a jobsite.



These joists are serving to car ry lighter floor loads than the beams in the foreground.



K-ser ies joists for roofs.



Girder joist suppor ting J-joists.



The bottom chord of this girder joist is anchored to stiffen against lateral loads.



Joist seat welded to its suppor ting beam.



Utilities can be easily installed within the open web joist systems.



Heavy Steel Trusses

When trusses are built from heavier members they can car ry heavier loads and or 
reach longer spans. These trusses are specially fabr icated for each project.

Truss to span a hotel atr ium.



Heavy trusses for the Seattle Stadium.



Cold formed steel.

Cold formed steel is shaped by rolling or bending the sheet steel into light steel framing 
C-shapes (the most common). These are frequently used for par titions and for exter ior 
wall frames.

C-sections used as studs for par titions.              Steel cor rugated sheets for floor decks.



Joining steel members.

Rivets.                                    Bolts.                                     Welding.



Installation: (1) Center the hole with a dr ift pin, (2) place bolt, and (3) tighten bolt.



Bolt Types:

1) Carbon steel boltsare similar to ordinary machine bolts, with relatively low 
strength, used for low loading conditions and for shear connectors.

2) High strength bolts, are heat treated for greater strength and higher shear 
resistance. They can also be used in fr iction connections, with or without washers. 
Load transfer red between members by fr iction by having the members clamped 
together. Bolts are tightened consistently and reliably (checked with torque 
clamps).

Verification of Required Tension.  

A) Turn of the nut method: tightened until snug, then turned an additional fraction 
of a turn. 

B) Tension control bolts: cor rect tension is reached when end breaks off. 

C) Load indicator washers or direct tension indicators.



B) Tension control bolts.

The wrench gr ips both the nut and the bolt. When 
the required torch is reached, the tip twists off. This 
type of bolt provides ease of installation and 
consistency.



C) Load indicator washers.

These washer with have protrusions (that 
create a gap) that flatten as the bolt is 
tightened.

They require a visual inspection to ensure 
that the protrusions are flat (gap closed).



C) Load indicator washers.

These load indicator washers, seen in 
the photo at r ight, have a visible dye 
(orange in this case) that squir ts out 
when the washer has sufficiently 
flattened.



Welding.

Welding is very labor intensive (especially in the field), requir ing highly skilled 
and cer tified craftsmen. The quality of the welds must be ver ified by inspections 
and X-rays.

Bolting is quicker and less labor and skills intensive. However, both methods are 
commonly used at the same time. The welded members are prepared in shops, and 
then they are field-bolted.

full penetration welds

fillet weld



Framing connections.

In framed connections, the 
bolts are placed only in the 
web, and not on the flanges. 
These bolts only transmit 
shear and not bending 
moments. Notice the clip 
angles to position the beam.

Moment connections 
transmit both shear and transmit both shear and 
moments. The flanges must 
be connected with both 
bolts and welds. The 
column may require 
column stiffeners.

stiffeners



This framed connection has the clip angles welded to column and bolted to beam.



A bolted connection.



Castellated beams. The openings reduce weight and permit passage of utilities.



A bolted column splice moment connection with cover plates.



The Lateral Stability of Buildings.

Buildings are subjected to vertical gravity loads from its own weight and from the 
service loads (people, furniture, equipment, etc.). In addition, buildings are subjected 
to very large lateral loads: from wind and from ear thquakes. These loads are resisted 
by the structural systems noted below, sometimes in combinations.

Moment resisting connections.           Diagonal bracing.                           Shear walls.



Reinforced concrete moment connections r igid frame system.



Stair walls commonly serve as shear walls.



This building is pr imar ily resisting lateral 
loads through this massive reinforced 
concrete core, which is essentially a 
multiple shear wall assembly.



Light diagonal bracing.



Floor-to-ceiling trusses (alternating each floor ).

A hotel in Las Vegas with alternating truss construction 
with pre-cast concrete floors form a type of diagonal 

bracing.



The sequence of erection of a steel framed building.

1 ) Erect the first level columns (positioned, elevation checked and plumbed);

2) Install the girders and then the beams;

3) Check the entire level for plumbness;

4) Weld or tighten all connections, including diagonal bracings;

5) Grout the column base plates;5) Grout the column base plates;

6) Install the edge angles and the decking;

7) Star t next level.



1) Prepare the first level columns.

Prepare the first level columns by welding their base plates. These are commonly done 
at the shop before delivery. The holes in the base plate will be used to position the 
anchor bolts that come out of the footing.



2) Columns are set to proper elevation.

The column is set with surveying 
equipment to its proper position and 
elevation. Then they are plumbed. 

The base plate is set to preserve these 
conditions. 

The leveling is accomplished using the 
leveling plate and nuts. Shims are used for leveling plate and nuts. Shims are used for 
fine adjustments.



Anchor bolts with leveling nuts



Each column’s base plate is grouted after the first level is erected and plumbed.

Temporary cables used to plumb the structure



Edge angles are installed to form the 
exter ior skin of the deck. 



A finished two-story structural frame; notice the open joist truss roof in place. 





Structural steel frame
Roof joists
Metal deck with shear studs
Edge angles



Metal decking.

Modern decks are sheets of steel that have 
been cor rugated to increase their stiffness. 
Their span capability is pr imar ily based on 
the thickness (gauge) of the sheet and the 
depth and spacing of the cor rugations. They 
can be singular or cellular.



Metal decks are commonly used for roofs; seen here with insulation being placed.



Metal roofs can actually be curved and formed into complex shapes.



This roof deck is being painted and left exposed.



AC plenums are installed through the steel deck to access the condenser units 
mounted on top of the roof.



Metal decking is attached through (1) mechanical fasteners (self-tapping screws), or (2) 
through welding, which is the most common for floor decks.

Weld



Metal decking being attached through ‘puddle-welding’ .



Composite metal decking works in combination with a 
concrete topping. The metal deck serves as the tensile 
reinforcing. Sometimes the bond between the two is 
enhanced through the use of shear studs. This 
combination produces a lighter, stiffer and less costly 
frame.



Shear studs



The results of a structural steel frame exposed to fire.



Structural steel fireproofing methods.

(1) Encasement with a fire resistant mater ial, such as concrete or masonry, although 
this method adds dead weight; (2) Box in the steel with drywall, which also serves as a 
finishing  mater ial; (3) Spray-on fireproofing; (4) Intumescent mastics and paints, and 
of course, any combination of these.



Sprayed-on fireproofing mixture.



“ Bagged”  fireproofing mater ial and pump. The mater ial is a cementitious or fiber 
with a binder mixture. I t is sprayed to a specified thickness.



Note that the thickness is 
greater on the columns.



Often the metal decking is not fire protected.





Tarps for protection dur ing fireproofing operations



Long spans require deeper beams.



Longer spans with space frames (truss like structures).



Two-direction trusses for athletic center at the University of Houston.





Arch trusses.



Bellagio Hotel - Las Vegas



Three-dimensional space frame.



External space frame.



Rock -’n’ - Roll Museum, Seattle, by 
Frank O. Gehry. A “ free-form 
curvilinear structure” ; ENR 28 Feb 
2000.



Rock -’n’ - Roll Museum as seen from the Space Needle.



Exter ior walls for the Rock -’n’ - Roll Museum.



Building Code requirements for steel.

- Without fire protection:
Building heights and areas are severely limited in use.

- With proper fire protection:
Unlimited building heights and areas all occupancy groups.


