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Structural Steel
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Structural steel is construction material fabricated with a specific
shape and chemical composition to suit a project’s applicable
specifications.

/ Steel
Low alloy (<10 wt%
alloying elements) High alloy (>10 wt%
alloying elements) \A

Stainless
/ \ (211 wt% Cr)
Low-C
(<0.25 wt% C) High-C == Tool

Medium-C  (0.6-1.4 wt% C)
C) \‘

(0.25-0.6 wt% Plain

Steels used in
construction

STUDENTS-HUB.com


https://students-hub.com

Structural Steel
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Due to the widespread use of steel in many applications, there are a
wide variety of systems for identifying or designating steel, based
on grade, type and class. Virtually every country with an industrial
capacity has specifications for steel.

— - == = = ==

Minimum ical Chemical Composition® (% Th I I |
er | po | v positon’ (%) e principa
Steel Type ASTM Designation | (ksi) | (ksi) | tion? (%) C cu®| Mn P S Ni | Cr Si Mo | V
A36 36 | 58-80 23 0.26 | 0.2 |0.8-1.2° | 0.04 | 0.05 types Of StrU CtU ra |
A53Gr. B 35 60 0.25 | 0.4 0.95 0.05 | 0.045]| 0.4 |0.4 0.15 |0.08
42 58 .
X e teel in the US
. = > 23 03 | 018 0.045 | 0..045 S ee |n e
Carbon 500
46 62
Gr.C — o 21 0.27 | 0.18 14 0.045 | 0.045 d f d d
A501 36 58 23 0.3 | 0.18 0.045 | 0.045 I entl Ie a n
Gr.50
A529 50 | 65-100 19 0.27 | 0.2 1.35 0.04 | 0.05 . [
e specified b
Gr. 42 42 60 24 0.21 . 1.35 0.04 | 0.05 0.15-0.4 p y
Gr. 50 50 65 21 0.23 - 1.35 0.04 | 0.05 0.15-0.4
As72 | Gr.55 | s5 70 025 | - | 135 | 0.04] 005 0.15-0.5 A S T M
Gr. 60 60 75 18 0.26 - 1.35 0.04 | 0.05 0.4
High-strength Gr. 65 65 80 17 0.23 - 1.65 | 0.04 | 0.05 0.4
Low-alloy Gr. 1&11 50 70 22 02 | 0.2 1.35 0.04 | 0.05
: A618
Gr. Il 46 67 22 0.23 - 1.35 0.04 | 0.05 0.3
o— 50 50 65 21 012 | 045 1.6 0.04 | 0.03 [0.25[0.25| 0.4 0.07 |0.06
o 65 65 80 17 016 | 0.35| 1.6 0.03 | 0.03 |0.25[0.25| 0.4 0.07 |0.06
A992° 50-65 65 18 0.23 | 0.6 | 05-1.5 | 0.04 | 0.05 0.4 0.15 [0.11
Corrosion A242 | 50 50 70 21 015 | 0.2 1 0.15 | 0.05
resistant .
High-strength A588 50 70 21 019 | %% (0.8-1.25| 0.04 | 0.05 |0.4 [*¥ -
Iow~all0y 04 0.65 0.1

'"Minimum values unless range or other control noted

*Two inch gauge length

*Maximum values unless range or other control noted

‘A maximium yield to tensile strength ratio of 0.85 and carbon equivalent formula are included as mandatory in ASTM A992
*Several steel specifications can include a minimum copper content to provide weather resistance

“Range for plate given in table, bar range 0.6-0.9
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Structural Steel
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steel grades — European standards

Minimum yield

Tensile strength

Minimum percentage

Designation Method C in % max. Si Mn P S N Cu | Other
of for nominal product % % % % % % %
deoxi- thickness in mm max. | max. | max. | max. | max. | max. | max.
dation

b a de ! '] h
According | According <16 |>16 |>40°
EN 10027-1 | EN 10027-2 <40
and
CR 10260
S235JR 1.0038 FN 017 |[0.17 [0.20 140 | 0035 | 0035 | 0012 | 055
$235J0 1.0114 FN 017 |017 |017 140 | 0030 | 0030 | 0012 | 0.5

140 | 0025 | 0,025 . 0,55

$23502 1.0117 FF 017 o047 |0.17
S275JR 1.0044 FN 021 021 [022 150 | 0035 | 0035 | 0012 | 055
S27500 10143 FN 018 018 |018 150 | 0030 | 003 | 0012 | 055
S275.2 10145 FF 018 018 |[018 150 | 0025 | 0025 | - |05
S355JR 1.0045 FN 024 |024 |[024 055 | 160 | 0,035 | 0035 | 0012 | 055
35500 10553 FN 020 |020* |022 o_:: '-gg g.gao g-g” 0012 o_:
$35502 10577 FF 020 |020* |022 0, 1. 025 | 0025 . 0.
S355K2 | 10506 FF 020 o2 |0z | 955|100 | 0025 | 002 .
$45000 1.0590 FF 020 |020* [022 055 | 1,70 | 0,030 | 0030 | 0025 | 055 | =

Steel strength R,y R, elongation after
grades (MPa) (MPa) fracture
and L,=565S,
qualities Nominal thickness Nominal thickness Nominal thickness
(mm) (1mm) (1)
<16 | =16 | >40 | >63 <53 >3 >3 >40 | >63
<40 | <63 | <80 <100 | =40 | <63 |<100
S235JR | 235 | 225 | 215 215 | 360to 510 | 360to 510 26 25 24
S$235J0 235 | 225 | 215 215 | 360to 510 | 360 to 510
$235J2 235 | 225 | 215 215 | 360 t0 510 | 360 to 510 24 23 22
S275JR | 275 | 265 | 255 245 | 43010 580 | 410 to 560 23 22 21
S275J0 275 | 265 | 255 245 | 43010 580 | 410to 560
S275)2 275 | 265 | 255 245 [ 430 t0 580 | 410 to 560 21 20 19
S355JR | 355 | 345 | 335 325 | 510t0 680 | 470 to 630 22 21 20
S355J0 | 355 | 345 | 335 325 | 510t0 680 | 470 to 630
S355)2 355 | 345 | 335 325 | 510t0 680 | 470 to 630
S355K2 | 335 | 345 | 335 325 | 510t0o 680 | 470 to 630 20 19 18
S$450J0 450 | 430 | 410 390 550 to 720 17 17 17

Typical grades are described as 'S275J2"' or 'S355K2W". In these
examples, 'S' denotes structural; 275 or 355 denotes the yield
strength in newton's per square millimeter; J2 or K2 denotes the
materials toughness; and the '"W' denotes weathering steel.
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Structural Steel sections

= Depending on each project’s applicable specifications, the steel
sections might have various shapes, sizes and gauges made by
hot or cold rolling, others are made by casting or welding
together flat or bent plates.

Fabrication by casting

Hot-rolled steel Cold-formed
elements sections

SSSSSSSSSSSSSSSS
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Hot- Rolled Shapes
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Hot- rolllng is a primary shaping process in which massive red-hot
billets of steel are rolled between several sets of profiled rollers.

I- and H-shapes of cross-section are common for the large
elements that form the beams and columns of structural
frameworks. Theses shapes have a high second moment of area in
relation to the total area.

Channel and angle shapes are suitable for smaller elements such
as secondary cladding supports and sub-elements in triangulated
frameworks

Square, circular and rectangular hollow sections (HSS) are efficient
forms for members subjected to multi-axes loading as the cross-
sectional axes are symmetrical and thus exhibit uniform strength
features. They also have good torsional resistance.

Details of the dimensions and geometric properties of the sections
are available from manufacturers.

STUDENTS-HUB.com
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Built Up Sections

Alternatively to standard H ] { [ ] = ﬁ
sections it is possible to form . < 2 ) S S
welded sections with various —
cross section configurations fb} gg j[ j E
using standard sections and : N

plates or from welding . {
different plates together. S N

Some typical built-up shapes and sections (a) made from standard shapaes,
(o) made from standard shapes and plates, (c)made from plates

STUDENTS-HUB.com
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Hot-Rolled Shap

es

- American
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Dimensions and Section Properties - W Sections

Major axis
Flange
‘tf .kt l.k
f l = Table 1-1
\
d X—§—X
S —web W Shapes
Dimensions
Yo
X \Ix .
Weak axis
Web Flange Distance
Area, | Depth, Work-
ane | @ P | Thickness,| % | Width, | Thickness, | K « | 7| able
fy 2 by t Kues | kot | Gage
in.2 in. in. in. in. in. in. | in. | in. | in. in.
W44x335° | 98.5 |44.0 |44 [1.03 |1 2 [15.9 |16 177 |1%s |2.56 |258 |15hs |38%s| 5%
x290¢ | 85.4 |43.6 |43%5/0.865| s The [15.8 | 1578 | 1.58 |1%16 [2.36 2716 |1Va
x262¢ | 76.9 (43.3 |43Y4|0.785 36| e |15.8 | 1534 1.42 |17he |2.20 |2V [1%16
>-<230.°'\“ 67.7 |42.9 |427/s/0.710| "We| ¥s [15.8 [15%4(1.22 |1Vs |2.01 |2V16 | 136

Designation

/Section designation

W 24 x 55—Weight in pounds/per foot

\ Nominal depth in full inches

STUDENTS-HUB.com

Cross-sectional area

Y 2
Vf k1 k Table 1-1.
: J W-Shapes
1 Dimensions
d X—H—X T
Ry
= .~ Actual deptl
k Ctual aepin
bf
4 )
7N\ ] Web Flange Distance
Area, Depth, -
| shape <\A)> Thickness, | tw Width, Thickness, . | & r V:g::I
tw 2 by ty | 1 + |
| Gage
i i in. in. in. in. in. in. in. in. in.
W44 x335* 1.02 |1 1, [16.0]16 1.77 |13, |256|25g |15+ |38%4| 512
%290 0.870| 7/g 716 |15.8|157/g(1.58 |14 |2.37|27/16 |1 V4
%262 0.790| 13/45| 716 [15.8|153/4|1.42 |17/45 |2.21(27/4 |13
%230 0710| 1/46| % [158|153/4(1.22 |11/4 [2.01]21/46 (1346
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Hot-Rolled Shapes - American
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L ] L ] l ] . L ]
Dimensions and Section Properties - W Sections
k Table 1-1. i ki _ 1k Table 1-1.
W-Shapes —t= W-Shapes
imensions r imensions .
End of fillet transition
> 2 : d X—H—X T
T Web thickness Flange properties L between web and flange
k
bf
v 4 Web Flange 5 Distance
Web Flange Distance Area,| pepth, . . . Works
Area, Depth Shape A d Thickness, tw Width, Thickness, k | & T abie
Shape ’ Thickness, tw Width, Thickness, X % - v:‘;::' tw 2 bt tr [ Gage'
tw 2 by tr ! Qage? in.2 in. in. in. in. in. in. | _in._in. | _in. | Ain.
inz n n n. i n Y = i in. W44x335* | 98.3(44.0]44 [1.02 |1 1, [160]16 |1.77 [1%, [256[2%55 1545 |38%f 51
W44x335* | 98.3|44.0]44 |1.02 |1 1, |160[16 [1.77 |13, |256|25g |15 |38%4| 5V | SEao e a0l Te | T |10 10 Ve] 100 |1 9hs (2008 e 11 1
%200 | 8584356 (4354(0870| 75 | 7% 158|157 158 1916 237|273 |1 14 U Xo50 | er7|aza| st |oxte| o] o° |1selaeas|1ee |1 e (2o ]2 (1
%262 | 772|433 43 V4 |0790| 1316 | 7na |158|15Y4 142 |17 |221]274 |19 * 742942 e |0 LI s s b H SRR e
x230 | 67.7 42.9‘42 7/g10.710| 11/46| %/g |158[153/4|1.22 [11/4 [2.01|2 V45 |1 %45 ' g
Spacing between rows

of bolts in flange

STUDENTS-HUB.com



https://students-hub.com

Hot-Rolled Shapes - American
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Dimensions and Section Properties - W Sections

Moment of Inertia (/), elastic section modulus (S), radius
of gyration (r), plastic section modulus (Z) for strong and
\ weak axes

Table 1-1 (continued)

W Shapes
Weight per foot Properties

W44 - W40

"\ Compact ' Torsional

":E::' Section Axis X-X m & | & Properties

MY asilL ) ' J c

To | n ! 5 r Z i S | r| Z/ "

/A2t |t/ int~in® | in. | in® | ind [ in3 Linetn2 | in. | in. | in.t in®

3% | 4501380\ [31100 [1410 [17.8 [T620 (1200 |150 | 3.49 |236 424|423 | 747 535000
290 | 5.02/45.0 \27000 [1240 [17.8 (1410 (1040 (132 (349|205 | 4.21|420 | 509 461000
262 | 557|496 (24100 (1110 [17.7 1270 | 923 [117 |347|182 | 417|419 | 373 405000
230 | 6.45|54.8 (20800 | 971 (175 (1100 | 796 (101 (343|157 | 413|417 | 249 346000

Flange and web stability
parameters
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Hot-Rol
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—Si—

al

Dimensions and Section Properties - Channels Sections

Section designation

CagXs5o

Weight in pounds per foot

Actual depth ininches

kKl .Y tt Table 1-5.
L - ey ‘ C-Shapes
] s —f y (American Standard Channels)
Tl X—f—x Dimensions Property for design
| !I
Actual depth
el lbr b
e
PNA
/ ‘\ Web Flange / Distance
Areg, »
Shape Dezth, TRickness, tw Width, T cl;ness, K 7 V:ob::
tw 2 bt f Gage*
in.2 in. / in. in. in. vy in. in. in. in.
C15x50 | 14.7 \_15.0 | 15 0'5;_8 111/16 ?;8 ggg 35174 0650 | 55 | 1716 | 12 Vs 21/4
40 | 11.8 : / 4 : 2
2339 | 995 $ * 0400 | 32 | 31s | 340 | 3% + + 2
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Hot-Rolled Shapes - American
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Dimensions and Section Properties — Angles Sections

[Location of elastic centroid

/

.
Pl Table 1-7

X .

Z—’]}?,(_ Angles

. . . \"" - (L-Shapes) , ,
Section designation il Properties Location of plastic
// Short leg length { Yo {b _M centroid
Y| i \ e \ \
i R X-axis properties

Long leg length /-\ . Wt Area, — Axis x-x§ ‘v

Shape
P 1 s r y Z
in. Ib/ft in.2 int~—in3 in. in. in3 |
L8x8x1 1/8 1 3/4 57.2 16.8 98.1 17.5 2.41 2.40 31.6
x1 1 5/8 51.3 15.1 89.1 15.8 2.43 2.36 28.5
><7/8 1 1/2 45.3 13.3 79.7 14.0 2.45 2.31 25.3
><3/4 1 3/8 39.2 11.5 69.9 12.2 2.46 2.26 22.0
x5/g 11/, 33.0 9.69 59.6 10.3 2.48 2.21 18.6
><9/15 1 3/16 29.8 8.77 54.2 9.33 2.49 2.19 16.8
x1/2 11/g 26.7 7.84 48.8 8.36 2.49 2.17 15.1
Designation

STUDENTS-HUB.com
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Hot-Rolled Shapes

- American
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Dimensions and Section Properties — Angles Sections

STUDENTS-HUB.com

Table 1-7 (cont.). ¥ T__
Angles o
(L-Shapes) \("*
Properties / \ ‘
Minor (weak) axis Z . [ .
N AT N T J, TNA
. . \ \
Y axis properties Rk
o | L”
/ Axis Y-Y ;\ Axis Z-Z Qg
Sh i X
Hpe \\ ! S r X £ /x"’l) d Tan Fy = 36
in A ——in3 in. in. ind=—T"in. in. e ksi
L8x8x1 1/g 98.1 17.5 2.41 2.40 31.6 1.05 1.96 1.00 -
x 1 89.1 15.8 2.43 2.36 28.5 0.943 1.56 1.00 -
X7/g 79.7 14.0 2.45 2.31 25.3 0.832 1.57 1.00 -
x3/ 4 69.9 12.2 2.46 2.26 22.0 0.720 57 1.00 -
x5/g 59.6 10.3 2.48 2.21 18.6 0.606 1.58 1.00 0.997
%916 54.2 9.33 2.49 2.19 16.8 0.548 1.58 1.00 0.959
x1/o 48.8 8.36 2.49 217 15.1 0.490 1.59 1.00 0.912
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Hot-Rolled Shapes

Dimensions and Section Properties - Double Angles

e X-axis properties of double angles may be obtained from x-axis properties of

a single angle

e Y-axis properties depend on separation between backs of angles and

whether LLBB (Long Legs Back to Back) or SLBB (Short Legs Back to Back)

Y Table 1-14.  Short Legs Back-tp-Back
€ > Double Angles
X—- it -—X (2L-Shapes)
Properties
I . ~Long Legs Back-to-Back

s
Y \

STUDENTS-HUB.com

Y
L Axis Y-Y Fd Qs
¢ Radii of Gyration
Shape LLBB SLBB LLBB SLBB
Separation s, in. Separation s, in. Angles in Angles Angles in Angles
0 3/g 3/4 0 3/g 3/4 Contact Separated Contact Separated
2L8x8x1 1/g 3.41 3.54 | 3.68 | 3.41 3.54 | 3.68 - - - -

x 1 339 | 352 | 366 | 3.39 | 352 | 3.66 - - - -
x7/g 336 | 350 | 363 | 336 | 3.50 | 3.63 - - - -
x3/4 3.34 | 347 | 3.61 3.34 | 347 | 3.61 - - - -
x5/g 332 | 345 | 358 | 332 | 345 | 3.58 - 0.997 - 0.997
x9 16 3.31 3.44 | 357 | 3.31 3.44 | 3.57 - 0.959 - 0.959
x1/5 330 | 3.43 | 356 | 3.30 | 3.43 | 3.56 0.998 0.912 0.998 0.912
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Hot- Rolled Shapes - American

Dimensions and Sectlon Propertles HSS (Hollow Structural Shape)

—Si—

e ——

Nominal versus

Table 1-11.
Rectangular (and Square) HSS
Dimensions and Properties |
]
Wall Thitckness, Ni:::— Area, b h Axis X-X

Shape nominal design wt. A 1 T ! S r z
in. in. Ib/ft in.2 in? in.3 in. in3
HSS20x 12 5/g 0.581 127 35.0 17.7 31.4 1880 188 7.33 230
1/2 0.465 103 28.3 22.8 40.0 1550 165 7.39 188
3/g 0.349 78.4 21.5 31.4 54.3 1200 120 7.45 144
516 0.291 65.8 18.1 38.2 65.7 1010 101 7.48 122

design wall thickness

Rectangular --

Round

Diameter over design thickness

Table/1-12.
Round HSS
Dimensions/and Properties

STUDENTS-HUB.com

Wall Thicknéss, | Nom- v . Surf,
t inal | A% | p / s r Z rorston Area
Shape nominal | design | Wt T J c | PerFt
in. in. Ib/At | in.2 in.4 in.3 in. in.3 in.4 in3 ft2
HSS20.000 0.500 0.465 104 28.5 43.0 | 1360 136 6.91 177 2720 272 5.24
0.375 0.349 78.7 | 21.5 57.3 | 1040 104 6.95 | 135 2080 208 5.24
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Hot-Rolled Shapes - European standards

- S — = — = _=_ - = =
G h t, r h d A A A
ke T i Mim i Frirm frim i om m/m et
IPE O 360 [0 e60 3840 1720 9,2 14,7 18 3346 2986 841 1.367 20,69
IPE & 360 50,2 3576 1700 6,6 11.5 18 3346 2986 640 1,351 26,91
.
IPE 0330 (] s70 3340 1820 B.5 135 18 3070 2710 726 1.268 22,24
IPE A 330 430 3270 1600 6,5 10,0 18 3070 2710 547 1,250 29,09
IPE O 300 493 3040 152.0 5.0 12,7 15 2786 2486 628 1,174 23.81 P " | Fl |
IPE A 300 365 2970 1500 6,1 9,2 15 27B6 2486 465 1,156 31,65 Section (lPE)
IPEO 270 fac] 423 2740 136,0 7.5 2.2 15 2496 2196 538 1,051 24 88
IPE A 270 307 2670 1350 55 8,7 15 2496 2196 392 1,037 13,75

STUDENTS-HUB.com
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Hot-Rolled Sha

pes

European standards

L4

Désignation

Designation

Bezeichnung
G
kg/m
IPE O 360 66,0
IPE 360 571
IPEA 360 50,2
IPE AA 360 47,0
IPEO 330 57,0
IPE 330 491
IPEA 330 43,0
IPE O 300 49,3
IPE 300 42,2
IPEA 300 36,5
IPEO 270 42,3
IPE 270 36,1
IPEA 270 30,7
IPEO 240 343
IPE 240 30,7
IPEA 240 26,2
IPE AA 240 249

STUDENTS-HUB.com

cm?

19050
16270
14520
13680

13910
11770
10230

9994
8356
7173

6947
5790

4917

~J

4369
3892
3290
3154

—S—

Valeurs statiques / Section properties / Statische Kennwerte

axe forty-y

strong axis y-y
starke Achse y-y

W

ely

cm?

1047
904,0
8120
767,6

8330
7130
626,0

658,0
5570
4830

507,0
4290
368,0

361,0
3240
278,0

2670

Wuy

cm?

1186
1019
907,0
853,6

943,0
804,0
702,0

744,0
628,0

542,0

575,0
4840
4130

410,0
36 I'_U
3120

298.,0

i
y

cm

151
15,0
15,1
15,1

13,8
337
13,7

12,6
12,5
12,4

11,4

11,2

10,0

10,0

9,9
10,0

cm?

40,20
35,10
29,80

27,44

34,90
30,80
27,00

29,10
25,70
22,30

25,20
22,10

18,80

cm?

1251
1043
9440
894.8

960,0
788,0
685,0

746,0
604,0
519,0

5140
4200
3580

3290
284,0
2400

2310

axe faible z-z
weak axis y-y
schwache Achse y-y

w

oz

cm?

146,0
1230
1110
105,30

119,0
98,50
85,60

98,10
80,50

69,20

75,50
62,20

53,00

plz

cm?

227,0
1910
172,0
162,5

185,0
1540
133,0

118,0
97,00
82,30

84,40
73,90
62,40

60,00

cm

39
3,8
38
39

3,6
3,6
35

55
3,4
33
31
3.0
30

2,7

2,7

~

6,0
5.5
5,1

57
5.2
4.8

amt

55,74
37,44
27,37
23,37

42,20
28,06
19,64

30,98
19,92

13,35

24,99
15,90
10,41

17,09
12,95
8,503
7,608

cmé

x10?

380,0
3140
282,0

266,4

246,0
199,0
1720

158,0
126,0
107,0

87,60
70,60
59,50

43,70
37,40
31,30
30,10

Parallel Flange |
Section (IPE)
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Connecting Structural Steel

—S—

* Proper connection of steel members is
crucial for the structure’s strength and
stability.

* The primary connection methods for
structural steel are bolting and welding.

= Connections made in a fabrication shop
are called shop connections, while
connections made in the field by the
steel erector are called field connections.

= Bolting and welding may be used for
shop and field connections. However,
field connections are typically bolted,
and shop connections are typically Welded connection
welded.

STUDENTS-HUB.com
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Steel Buildings

—S—

= Asteel building is a metal structure that is made of structural
steel components connected to carry loads and provide rigidity.

= Steel buildings are categorized as

* Single-story/ industrial buildings

* Multi-story buildings — moment resisting (Rigid) or braced
frames.

_ = = oo =
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Single Story Buildings

= The skeleton of a typical single-story building consists of three
major elements:

 Cladding for both roof and walls.
* Secondary elements to support the cladding (purlins; rails).
* Main frame of the structure, including all necessary bracing.

. Roof cladding

Main frame

Roof
bracing

SSSSSSSSSSSSSSSS
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Slngle Story Bu11d1ngs

* Cladding. Cladding s the outer skin ofthe bU|Id|ng to prowde
Weather protection; Daylight/ Ventilation, and Aesthetic value.
They are made from Fiber cement; Coated steel sheets and

Aluminum alloy sheets.

prodecied retal 130 i |
or al. alloy B = o B
auter profile \ & = =
. [ :
| mr
bl
iy P .-'_.:, ..IN'.-‘ r"l -.I"".l-u I_.;u-'l'-'_.ﬂ.'-l:.-‘Tr_..‘
rrartal irisar Lonsulation - sudalife malerials u-.;II
Eray oF Birgr rged fibre glass, fibre glass i

guett, loamed plastics and
muferal wosol quirl

Typice cladding profile

STUDENTS-HUB.com
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chidure angle —

wler mal
closure
angle

shesting rail
S
Cleat

hghtweight wall cladding

| =1 —
- Ir..Ilr1 f -
||* ! wresulatson
: e liner tray
E
1 F ' — angle sheeting
. rail

— uirversal codiemin

shestng rad support cleat
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Slngle Story Bu11d1ngs

Secondary Elements In the normal single-story bU|Id|ng the
cladding is supported on secondary members, which transmit
the loads back to main structural steel frames. There are three
main types of these members namely, Zed, Modified Zed and
Sigma

B -

Zed Modified Z Sigma

SSSSSSSSSSSSSSSS
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Single Story Buildings

= The Main Frame of the

Structure. The building frame can m m
be portal frame eighter Pre- T
Engineered or Conventional Steel ™ o
frame. Additionally, trusses are

widely used in this type of
construction.

= A pre-engineered steel building is
a modern technology where the
complete design is done at the
factory using customized built-up
sections. An efficiently designed
pre-engineered frame can be
lighter than the conventional
frame by up to 30%.
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Bracing

STUDENTS-HUB.com

Roof bracing

The longitudinal structural
rigidity of portal steel
frame structure is relatively
weak in the length
direction, so it is necessary
to set up bracings along
the longitudinal direction
to ensure its longitudinal
rigidity and longitudinal _ —
stability. Y EnT—

PPPPPP

Side bracing

“~Column base
connection

The bracing system of light
portal steel frame + B 7
structure includes roof horizontal £ B
bracing and inter-column bracing. @ | |
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Bracing

= Lateral buckling can be induced in g
a steel beam by compressive ™
stresses acting on a slender
portion insufficiently rigid in the
lateral direction. Accordingly
lateral support as shown shall be
provided.

support
bracing

l
N ‘ N

intermediate
bracing
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Steel Trusses

= Atrussis anassemblage of
straight members connected at
their ends by pin connections to
form arigid configuration either
in space (space truss) or plane
(2D truss).

* The main characteristic of
trusses is that they are
composed of axially loaded =y
members. The internal forces are By T
either purely tensile or purely &4 s
compressive. Bending is not
present, nor can it be developed,
as long as external loads are
applied at nodal points.
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Compression members.

27
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Steel Trusses

—Si—

Trusses are very efficient structures for single-story buildings.
However, for long spans, the required depth of the truss
significantly increases.

Table 1 Approximate depths and span ranges

for trusses of hot-rolled sections in single-storey
steel frames

Depth of main frame (rnnt)

Span (m) Solid web Plane fruss Space truss
10 450 1000 {000
15 600 1200 1200
20 700 1400 1400
30 Q00 1800 1600
40 1200 2500 2200
50 - 3000 2800
60 — 4000 3800
70 - 5000 4800
80 - 6000 5500

100 - 8000 6000

STUDENTS-HUB.com
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Trusses Details -

Elevation

Purlin Locations
& Spacing

5 goxgox i imm

< 2
s
NW"

=

;lelmﬁmm
J,,‘_
5’

—”
EE A S0X5N5mm

e —

Member Centroidal Axis

ZL SO SISmm

ZL BOWEDNEmm

s A l ! A
I i = ] /’:;-~ ,2:1WI1MIEH:FH\\ = 2L 160X 1008Emm N
‘ 7 MJ/ 3 100%100%8m \‘\ /’ ( Mz_/\,\ \\\\ ) Mﬁ/
\ S “T" \ Member Schedule
supporting Member Member e B
M2 2L 100X100X8mm 4.98m 2
CO | U m n . M a rk Type M3 2L 100X100X8mm 5.00m 1
Joint Mark R A
M6 2L 50%X50X5mm 1.08m 2
M7 2L 60X60X6mm 2.33m 2
. . M 2L 50X50X5mm 1.38m 2
* Note that the centroidal axis of all e room T2
. . . M10 2L 50X50X5mm 1.68m 2
members meeting at the same joint i1 | o oo it |
should intersect in the joint center. M13 |2 soron o soim |2
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Truss Joint Detail

N MM
7~
18.5

‘ll 8 - 5 S '}{/.f
e oz 1

10 mm thick =

GX0SXQS T 7

* Note that the centroidal axis of each member coincides with the
line connecting the centers of the adjacent joints.
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Truss - Joints & Supports

| ooooom< ’-ﬂb‘»»
moqgo.oco.;.nogm

eooee00OOOPO0OE ooooouo::qo
S moog&m E
..r",..“. 3 J.. -""_.f‘

“
e S
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Braced Frames

* Braced frames are essentially pin-
jointed structures (a pin connections
are used to make beam-column
joints & connection).

- S— R T —— _— - = e T
- s »

= Braced frames are effective v INLZ
structural solution for resisting lateral ‘== g
loads due to wind and earthquakes. "8

= Most of their horizontal load-carrying
capability is achieved by their members
working in either pure compression or
tension. They can be visualized as vertical
trusses.

* Braced frames are popular in industrial
countries where steel is affordable.
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Types of Braced Frames

= There are two general % s N —
-f [ Brace /) ‘\‘ /4
types of braced | N\ / \ /
frames: conventional ‘} / N | V4
concentric and L/ \ ir 4
. jy SE—— 1 L R
ECCG ntrl C . Cross-braced Inverted V-braced Diagonal braced

Tension and compression

" |nthe concentric

frame, the center lines | [ 7o N tuse regor] N\ |

of the bracing Y e zwi o Ji \

members meet the | *’j "'yﬁi,‘? wrace || \\\

horizontal beam at a LN e —

single point. ety egena)
Tension-only Eccentric

* |nthe eccentric-braced frame, the braces are deliberately
designed to meet the beam some distance apart from one
another.
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Flooring systems of Steel structures

S __ = S— i ——

= Typical floor slab systems for steel
frameworks include:

a) In -situ reinforced concrete flat slab.
b) Precast concrete floor units.

c) Insitu concrete on profiled steel
permanent formwork.

d) Composite precast and in situ
concrete.

= All of these systems are normally one-
way-spanning and require to be
supported on a parallel arrangement
of steel beams. However, system (a)
can be a two-way-spanning structure.
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Flooring systems of Steel structures

* Toincrease efficiency and therefore reduce the size of the
beams, shear studs are usually welded to the floor beams which
allow composite action to be developed between the beams and
the floor slabs.

STUDENTS-HUB.com
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Detailing of Steel Buildings

Steel structural drawings have different levels of details including:

A.
B.

STUDENTS-HUB.com

General drawings such as general notes and foundation plans.

layout of the whole structures (floor plans) for which the steel
works are to form. Usually consists of plans and elevations
when needed.

Layout of the steelworks (e.g. a truss, columns, girders, ...)
usually represented by plans, elevations and sections.

Details of connections of the steelworks represented by plans,
elevations and sections, even sometimes by isometric views.
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Foundatlon plan

= Steel bU|Id|ngs usuaIIy have concrete foundations deS|gned
and details as explained for the concrete buildings. After
constructing the foundations, steel structure is fixed using the
anchor bolts installed in the footings

= The foundation plan and grid line plan of a steel structure is
similar to that of concrete buildings. However the plans
usually shows the anchorage bolts locations on the concrete

.
footing.
1 15 150 1 150 160
[ Xwe 247 T [ ’jt
© 2 ! 2 ] ]
B4 8 B+ RSN
§
1 1 100 1 1
e e o — o
@ = =] B4 ] 2+
8+ & 84 2 &4
§ 1601 15
1 o H
§1 Y
| 84 8
= g 150 ;180
S -
11T
Rl i )
B4+t
g Lo 1001 0
{ " [ Xwes 2 X%
@ 63! 1 =l | !
F & H ; i
6000 6000 6000 6000 6000
® ® ® @ ® ®
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The plans show

1.

STUDENTS-HUB.com

The general
dimensions of the
steelworks

The nominal size of
the members

The center lines (or
line of centroid) of
members forming
the framework.

The arrangements of
connection (referred
to enlarged details
where necessary)

General layout (Floor)

plan
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Column Base Plate

e

- r'at === = —— = = .= — T=I- =

= Typical column bases consist
of a single plate fillet welded S SR G
tothe end of the columnand ;=i },l L e
attached to the foundation [ L S
with holding down bolts. A - f:'j‘if ud Blmrii s Se ot
layer of grout is used for S
leveling of the plate and
setting it at the specified o
elevation. '

= The plate is designed to oot — s | {/— omepaet=aomn
transfer the column loads g e T
(axial, shear and moment) to e i e
the foundation through the S Rl e
anchor bolts. g

i . JI: .~ Anchorage Boit 220 nim. 4
[/ < “Grade 8.8 07 .. ..~ |

4 ’ 5 .4 P ;
‘ ae, r «* a
‘" . -
‘ p 45 v (s .
. “« . . -
. “
A i . %) a

™ 1.500 -
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Column Base Plate

The distribution of iioifor Anchavags
the anchor bolts Bk . Euie
determine the

! [

transferred loads |
connection (pin or ' :
ﬂXEd). Pinned Connection

Hole for Anchorage

Bolt

Eave Stiffener
| L b :
=T | | e Tr—y

]

Fixed Connection
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Beams & Beam Connections

= Structural steel floors are laid on | H= H
repetitive grid which establishes " P
a standard structural bay. The

most efficient floor plan is wecondarybeams ——
rectangular, in which ‘main’ or Ly Ly
‘primary’ beams span the shorter

distance between columns and or H - sections T

closely-spaced ‘secondary’
beams span the longer distance
between primary beams.

Castellated beams

" Typical beams cross sections gy
are |, H or castellated beams _* o
to improve the structural e
efficiency .

\

,,,,,,,
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Beam to-Column Connectlons

e

e — - -

= Cap Plate Connection. One of the most common types of beam-
to-column connections in commercial and industrial buildings. A
cap plate connection calls for a steel plate, commonly called a cap
plate, to be welded to the top end of a W-shape, pipe, or HSS
column at the fabricating shop. The beam will be attached to the
plate at the site, as shown.

S1He connect

Ll

-~

n 4
-
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T mm minim

),
ﬁ L :’q.-.'
M-‘\

. |
Universs! column Ni

!~ -~
Jm Ciearance

”~ a B = B4 -
p plate welded
r ¢cloated to

0 of column
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Beam-to-Column Connections

e

Standard Framed Beam-to Column Connectlon Beams are
fastened to columns by means of framing angles. This usually
consists of two structural steel angles, one on either side of the
beam, which are either welded or bolted to the beam web in the
fabricator’s shop and then fastened to a column at the job site with
high strength bolts. This type of connections is assumed to transfer
end reaction only where only the Web of the beam is connected

with no connection for the flanges

|
8"X1/2"x0-8" LG.
/ CAP PLATE 10S.

EL 114'-6"

* w12x30

1 3".3"31
”a "

) licxs 1/2"%X5/16"X
0'-8 1/2* LG.

1/2°%5 /16°X
1/2° LG

) b‘% 1/2"X5/16"X
0'-11 1/2" LG.

-—W8X31 COL.

3-SIDES
TYP.

-——W10X49 COL
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Beam to-Column Connections

- e

= Standard Framed Beam-to Column Connection: other types of
these connections include the end plate sheer connection (left)
and the single plate shear connection (right).

(8) 3/4" HS. BOLTS Y4
" . 81 /200 -8
234", l23/4 _\ G L e

| 1.0S.

EL 120'-2°

0P OF ST
L 2 ' 'e’_n_m-é

3 1/2°%3/8°x1-0" LG

23 /8°%0' -1 I_,,-l"?"/
LG PLATE WEX31 COL
13/16"X1" LG. HORZ

| \ | SHORT-SLOTTED HOLES
WBX31 COL THRU PLATE FOR 3/4"

HS. BOLTS
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Beam to-Column Connections

Beam to Column Rigid Joints: this is a connection that de5|gned
to transfer moment from beam to columns, here web as well as
flange of the beam shall be connected to the column as shown

below.
| L
Rana %

“d)‘.“ ‘
= T oF
W16X67 “‘P':“ '
N

§%1 /2"
o'-11 1/2°
| LG. PLATE

\ W10X77

COL.

1"X1" BACKING STRP

Beam-to-column moment-resisting connection detail
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Beam-to-Column Connections

—S—

Beam to Column Rigid Joints

= Some times Stiffener plates are used to ‘shore up’ the column
flanges against the forces transmitted by the beam flanges. The
stiffeners may be full length or may extend only part of the
column web depth.

e -
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Beam-to-Beam Connectlons

Those are simple connections that connect secondary beams to
girders, they are usually designed to transfer shear only. They
have several arrangement based on the level and sizes of the
secondary beams relative to the girders.

- S -

iiiiiiii
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Beam-to-Beam Connections
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Steel Protection

R

* Two problems associated with steel are

1. Its poor performance in fire, due to the loss of mechanical
properties at relatively low temperatures.

2. Its high chemical instability, which makes it susceptible to
corrosion.

»= Both of these have been overcome to some extent by the
development of fireproof and corrosion protection materials,
especially paints, but the exposure of steel structures, either
internally, where fire must be considered, or externally, where
durability is an issue, is always problematic.

49
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Base Plate
Epoxy Grouting 3-5 cm
under Base Plate

Moisture Prevent
Material coated

Reinforcement
Mesh

Concrete Cover
of Reinforcement
5 cm as Min.
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2.
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3 Layers corrosion
painting or 1 layers
of epoxy

Base Plate

Epoxy Grouting 3-5 cm
under Base Plate
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Brick Wall
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