STANDARD CROSS-SECTIONAL SHAPES

In the design process, one of the objectives is
the selection of the appropriate cross sections
for the individual members of the structure being
designed. Most often, this selection will entail
choosing a standard cross-sectional shape that
IS widely available rather than requiring the
fabrication of a shape with unique dimensions
and properties.

Cross sections of some TI —I
of the more commonly TS T

W-shape American Standard, S
used ST a N D a RD (W18 x 50 shown) (S18 x 70 shown)
P 4"
CROSS-SECTIONAL I g e
) 9" face
SHAPES h e R |
Equal-leg Unequal-leg American Standard

u n angle, L angle Channel, C
I n t e Ig u re (L6 X 6 X ¥ shown) (L6 X 4 X % shown) (C9 x 20 shown)

T

Structural Tee: WT, ST, or MT
(WT18 x 105 shown)



W-shape, also called a
wide-flange shape Bapas
A typical designation

would be W718x50, where W
iIndicates the type of shape,
18 is the nominal depth |  Flange
parallel to the web, and 50 j o

Web

Flange

Flange

Is the weight in pounds per
foot of length. W-shape

(W18 x 50 shown)
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/Flange ) Table 1-1 (continued)
I S W-Shapes
W—- -
Dimensions
18” i ch ] fk
. f
Flange
’ Web Flange Distance
Area, | Depth, " N . Work-
Thickness, | t, Width, | Thickness k
Sh A d o = ’ ’
W-shape e b 2 br [ baat| | é:gl;
(W18 x 50 showns in.2 in. in. in. in. in. in. | in. | in. | in. | in.

W18x71 20.9 f18.5\/18Y2|0.495| 2 | Ya | 7.64|7%s [0.810| '%s[1.21 (12 | s [15Y2| 30
x65 19.1 J18.4 118%5(0.450| 716 | Ya | 7.59| 7% [0.750( ¥a [1.15 |17he | 78
x60° | 17.6[|18.2 |18"4{0.415| /16 | Va | 7.56|7"2 |0.695| "V16|1.10 {138 | 36
W18x46° | 13.5 18 [0.360| % | %16 | 6.06|6 0.605( 58 [1.01 |1Va | 316|15Y2| 3'/2°
x40¢ | 11.8\17.9 [177/8{0.315| %6 | 316 | 6.02|6 0.525( 2 [0.927|1%16 | 316

x55¢ | 16.2[(18.1 ||18"/8{0.390| ¥s | %16 | 7.53|7"2 |0.630| 5 |1.03 |1%6 | 316
x35° | 10.3 \17.7/|17%4/0.300| 16 | 316 | 6.00|6 0.425| 7he |0.827|18 | %a * ¢

P x50° | 14.7)|18.0 |[18 |0.355 ¥s | 36 | 7.50|7"2 |0.570| %16 |0.972|1Ya | %16

18.1




The American Standard,

or S-shape, is similar to the W-shape. The
difference is the flanges of the Ware lgf‘—Igggmgmidc
wider in relation to the web than are the |

flanges of the S. An example of the S8 x 70 shown)
designation of an S-shape is “S18 x 70,” s sunsacs
with the S indicating the type of shape, and 2
the two numbers giving the depth in inches

and the weight in pounds per foot. This 4

shape was formerly called an /~-beam.
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i ' Table 1-3
d IWX—‘—X T S-Shapes
| ) Dimensions
Sloping inside 5|k
] 8" fa CC Area Deoth Web Flange Distance
Shape A ! Z ! Thicl::ess, 1% Wi::h, Thicktr,less, K r W(();:::Ie

in. in. in. in. in.
8.05| 8 1.09 |16 |2 202
787|778 [ 1.09 |16 |2 20"2

7.25| 74 | 0870 /8 | 1% 20"/2
713 | 78 | 0.870| s | 1% 202
700( 7 0.870| s | 1% | 20'2

720 | 7V4 | 0.920 | 1516 | 13/a 164
7.06| 7 0.920| "6 | 1%a 16% | 4

6 | 6.39| 6% | 0.795 s | 16% | 3VF
6.26 | 6%4 | 0.795 198 16%/4 3129

6.25| 674 | 0.691 12 15 319
6.00| 6 0.691 16 | 172 15 3128

D o O BN =@ O
FE FX xS S oo o|B e
> > > >

in.2 in. in.

S24x121 | 355 [24X | 242 | 0.800| "¥16
x106 | 31.1 [|24.5\ | 24'2 | 0.620

. . %8
A n]erlcal] S[dnddrd > s S24x100 | 29.3) (24.0|| 24 0.745| %a
(S18 x 70 shown) |7 |2t | 24| 0525 %

x80 23.5 (24.0 || 24 | 0.500

$20x96 28.2 |20.3 | 20"4 | 0.800 | '316

*86 25.3 |20.3 [ 20" | 0.660 | 'V16
S20x75 22.0| (20.0 [ 20 0.635 | %8
x66 19.41 120.0 || 20 0.505| 2
ey | 51870 20.51(18.0f | 18 0.711| e

x54.7 |16.0 \18.0/ | 18 | 0.461| 716

S X XX
3 3 5

-

ey



The angle shapes are available . v
. e
In either equal-leg or unequal-leg
versions. A typical designation 61:'? i ’F
would be ‘L6 x 6 x 34" or
‘L6 x 4 x 8." The three numbers

are the lengths of each of the two
legs and the thickness, which is

the same for both legs. In the case of
the unequal-leg angle, the longer leg
dimension is always given first.

'

/
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\ Table 1-7
6" > L7y
. Angles
7 k \ JrPPNA -
B s Properties
Equal-leg %] Pl;uf
angle, L XX —
i - iexural-lorsiona
(L6 X 6 X ¥ ShOWll) « 1/ |Area, © Properties
Shape A | S r y Z | W J Cw o
4 in. [[ w/et) in2 | ind [ in3 | in. | in. [ in3 | in. [ int ins [ in.
| Lexex1 |17 [|37.4 [11.0 [354 | 855|179 |1.86 |154 |0917|368 | 924 |3.18
xs |13 ||331 [|975 319 | 761 |1.81 |181 [137 |o0813[251 | 641  [321
> s |1 ||287 ||846 |281 | 664 [1.82 [177 [119 |0705|161 | 417 324
6" <n s [1Vs || 242 [|7.13 [241 | 564 |1.84 |172 [101 |0594[0955 | 250 |3.28
> /8 6 |16 || 219 |[6.45 [220 | 512 |1.85 |1.70 | 918 | 0538[0704 | 1.85  |3.29
L6xdxs |1%s |27.2 |/ 800 (277 | 713 [1.86 |212 [127 [143 |203 | 404 |282
Uncqual-leg 33 [1Vs \236 | 694 |245 | 623 [1.88 |207 |111 [137 131 | 264 |285
angle s |[1Vs 200 | 586 |21.0 | 529 [1.89 |203 | 944 [1.31 (0775 | 159 | 2388
g X6 |16 |\18.1/| 531 [192 | 481 [1.90 |200 | 859 |[1.28 |0572 | 118  |290

1.6 X 4 X % shown)



_‘_.

The American Standard Channel, or ‘

Sloping inside

C-shape, has two flanges and a 4 face

web. It carries a designation such —

American Standard

as "C9 x 20.” The first number 5% 20 chon

(C9 x 20 shown)

giving the total depth in inches
and the second number the weight
in pounds per linear foot. For the
channel, however, the depth is
exact rather than nominal.
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] [ Table 1-5
r
A Sloping insi C-Shapes
=1loping inside e Dimensions
k
9" face
Web Flange Distance
. : Average Work-
Y Shape Thickness, | £, Width, Thickness, | K r a:fle ns | ho
fw 2 br tr Gage
A . g d d in.2 in. in. in. in. in. in. | in. | in. | in. | in.
merican Standar C15x50 [14.7 |15.0\| 15 |0.716| V16| ¥s |3.72| 3% [0.650 | % | 176 |12Vs| 2Ys [1.17 |14.4
x40 |11.8 150 \ 15 |0.520| V2 | Va | 352| 3V2 |0.650 | % |1716 |12Vs| 2  |1.15 |14.4
Channel’ C x339/10.0 150 |15 |0.400| % | %16 | 340 | 3% |0.650 | % |1716 |12Vs| 2  |1.13 |144
"~
((9 X 20 ShOWﬂ) — C12x30 | 881[[120 |12 |0.510| Y2 | Va 317 | Y5 |0.501 | Yo |[1Ys | 9% | 1% [1.01 [115

x25 | 7.34|12.0 ({12 (0.387|%s | %16 |3.05| 3 0.501 | 2 |1Vs 9%a | 1%4° (1.00 |11.5
x20.7| 6.04|12.0 [[|12 [0.282| %6 | %16 |294| 3 0.501 | 2 | 1's 9%a| 134° | 0.983|11.5

C10x30 | 8.81/10.0 | [10 (0.673| "V16| %8 |3.03| 3 0.436 | 716 | 1 8 1%/4° | 0.924| 9.56
x25 | 7.34/10.0 (|10 (0.526| V2 | Ya |2.89| 278 |0.436 | 716 1%49 | 0.911| 9.56
x20 | 5.87/10.0 [[10 (0.379| %s | %6 |2.74| 284 | 0.436 | 716
x15.3| 4.48|10.0 (/10 (0.240| Vs | Vs |2.60| 2% |0.436 | 716

—— (920 5.87\ 9.00| 9 [0.448| 716 | Ya | 265 2% | 0.413| 716

x15 440\ 9.00( 9 [0.285| %16 | %16 | 2.49 | 2V2 | 0.413| 716
x13.4 | 394\\9.00| 9 [0.233| s | s | 243 | 2% | 0.413| 716

1'% | 0.894| 9.56
1729 | 0.868| 9.56

1729 | 0.850| 8.59
1%8% | 0.825| 8.59
1%89 | 0.814| 8.59

_ -
NN 00



The Structural Tee is produced =
by splitting an I-shaped member
at middepth. This shape is
sometimes referred to as

a split-tee. The prefix of the
designation is either W7, or ST,
depending on which shape is the
“‘parent.”
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For example, o 1, Teble 1
e — J——tml,  WT-Shapes

a WTZZX 775 L "' | Dimensions
has a nominal depth

Area,  Depth, | o1 ckness

of 22 inches and stpe |4 | o T g VT e

. in.2 in. X X X X . X X
a We I g h t Of WT22x167.5¢ (49.2 [22.0 |22 |1.03 |1 2 (226 (159 |16 [1.77 | 1% |2.56 |2%s 52
x145° (426 |21.8 |213/4|0.865| /s 716|189 |15.8 | 1575 |1.58 | 1916 |2.36 | 2716
x131° (385 |21.7 |21%.|0.785| 36| 716 (17.0 (158 |15%4|1.42 [ 176 [2.20 [2Ya l
212 |0.710| "e| ¥s |15.2 [15.8 [15%4|1.22 | 1Ya |2.01 |2V

115 pounds per foot, . —— =
and is cut from
a W 44x230.




Other frequently used cross- u B [[ U @
sectional shapes are shown

in the figure. The shapes Hollow Structural Sections
are categorized as round
HSS, and square and
rectangular ASS. The

designation ASS'is for
“Hollow Structural Sections’.

AISC Construction Manual H
E Table 1-11
it —tx Rectangular HSS
O R Tab"z; :I:;S i Dimensions and Properties
oun i
Dimensions and Properties Design Axis X-X
HSS20-HSS10 Wall | Nominal | Area,
Shape 'I:':Ist;l’(-' wt. A b/t h/t I s r z
Design | yom- orsion in. in. in. in. in. in.
sh T‘l‘lvi:Il:- Ninal Area, 1 S r z " HSS20x12x%/s 0.581 1I2b7/.27 35.0 17.7 314 |1880 188 7.33 [ 230
ape ness, t Wt. A bit J c xf2 0.465 | 103.30 | 28.3 2238 400 [1550 155 7.39 |188
HSS20x0.500 OAQ.SS 1:).;1120 2:3"5 430 13(;'(;. 13:1‘ 6.9; 17'7"' 2720. 272‘
x0.375| 0.349 | 7867|215 57.3 | 1040 104 6.95 [135 2080 208 ,
Table 1-12 l
Round HSS are designated by outer Square HSS . _-]‘_ :
diameter and wall thickness, expressed to ussromess  Dimensions and Properties —
three decimal places; for example, HSS o — e T
8.625 x 0.250. Square and rectangular swpe | 5" | | S| ]2 e
H SS are deS/g nafed by nomlna/ OUfSlde HSS16x16x%8 OI:81 1I2h7”3'7 3?; 245 |245 1:710 1;: 6I;5 2(IJI(1) 1(;;1/15 21I7nO 2;23 ;t1217ﬂ
dlmenS/OnS and Wa// fh/'CkneSS, eXp,.essed x'2 |0.465(103.30|128.3 |31.4 (31.4 (1130 [141 6.31 |164 [13% (1770 |224 5.20

in rational numbers; for example, HSS 7 x
5x38.



The HP shape, used for bearing
piles, has parallel flange
surfaces, approximately the A
same width and depth, and equal |« 2
flange and web thicknesses. HF-
shapes are designated in the
same manner as the W-shape; |
for example, HP18 x 204. T&

HP-Shapes
Dimensions

Specifications, Loads,
and Methods of Design

The design of structures is controlled by
building codes and design specifications.
These codes and specifications, which are
actually laws or ordinances, specify
minimum design loads, design slresses,
construction types, material quality, and
other facftors.



LOADS

Perhaps the most important and most difficult
task faced by the structural engineer is the
accurate estimation of the loads that may be
applied to a structure during its life. In general,
loads are classified according to their character
and aduration of application. As such, they are
said to be dead /oads, /ive loads, and
environmental loads.

If there is an absence of a code,
the design loads shall be those
provided in a publication of the
American Society of Civil
Engineers entitled Minimum Design
Loads for Buildings and Other
Structures. This publication is
commonly referred to as ASCE 7




DEAD LOADS I

Dead loads are loads of ]E = [
constant magnitude that o T s
remain in one position. They

consist of the structures own

weight and other loads that are

permanently attached

to the structure.

fitings

Typical dead loads

LIVE LOADS

Live loads are loads that may change in
position and magnitude. They are caused when
a structure is occupied, used, and maintained.
Live loads that move under their own power,
such as trucks, people, and cranes, are said to
be moving loads. Those loads that may be
moved are movable loads, such as furniture
and warehouse materials.




1. Floor loads. The
minimum gravity live
loads to be used for
building floors are
clearly specified by the
applicable building
code

2. Traffic loads for
bridges. Bridges are
subjected to series Of m=m——=rE=m ) s
concentrated loads of fE_ e S
varying magnitude 24

truck or train wheels.



3. Impact loads. Impact |\ -
loads are caused by the *  *
vibration of moving or
movable Loads. Cranes |
picking up loads and
elevaftors starting and
stopping are other
examples of impact
loads.

Overhead
crane

4. Longitudinal loads. Longitudinal loads are
another type of load that needs to be
considered in designing some structures.
Stopping a train on a railroad bridge or
a truck on a highway bridge causes /ongitudinal
forces to be applied. There are other
longitudinal load situations, such as
the movement of fraveling cranes that
are supported by building frames.




Longitudinal loads

DIRECTION OF TRAVEL

FRICTION FORCE (ACCELERATING) FRICTION FORCE (BRAKING)

ANNNNNNNNNNNNN NNy €SN N NNNNNNNNNNNNNANN
Yo pe e CONTACT PATCH

NORMAL FORCET

5. Other live loads
Among the other types of live loads with which

the structural engineer will have to contend are
soll pressures, hydrostatic pressures, thermal
forces (due to changes in temperature, causing
structural deformations and resulting structural
forces); and centrifugal forces (such as those on
curved bridges and caused by trucks and trains).
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ENVIRONMENTAL LOADS

Environmental loads are caused by the environment
iIn which a particular structure is located.

7. Snow

2. Rain

3. Wind load

4. Earthquake Loads.



