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Elastic properties of steel

Modulus of elasticity (Young’s modulus) E =205kN/mm?
Poisson’s ratio v=10.30

Coefficient of linear thermal expansion o =12 x 107 per °C
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European standards for structural steels
Introduction

As part of the exercise towards the removal of technical barriers to trade, the Euro-
pean Committee for Iron and Steel Standardization (ECISS) has prepared a series
of European Standards (ENs) for structural steels. The first of these standards, EN
10025, was published in the UK by BSI as BS EN 10025: 1990, partly superseding BS
4360: 1986, which was re-issued as BS 4360: 1990. In 1993, a second edition of BS EN
10025 was made available together with BS EN 10113: Parts 1,2 and 3 and BS EN
10155.In June 1994, BS EN 10210: Part 1 was published and at the same time BS 4360
was officially withdrawn. The balance of the BS 4360 steels not affected by these ENs
were re-issued in new British Standards BS 7613 and BS 7668. In 1996, with the
publication of BS EN 10137, BS 7613 was withdrawn. BS 7668 will remain until an
EN for atmospheric corrosion resistant hollow sections is available.

Designation systems

The designation systems used in the EN are in accordance with EN 10027: Parts 1
and 2, together with ECISS Information Circular IC 10 (published by BSI as DD
214). These designations are totally different from the familiar BS 4360 designa-
tions: therefore, the following is intended to help users understand them.

Table 1 European and British Standards which have superseded BS 4360

Standard Superseded BS 4360 grades

BS EN 10025: 1993 40A,B,C,D;43A,B,C,D;50A, B, C,D, DD

BS EN 10113: Parts 1, 2 & 3: 1993 40 DD, E, EE; 43 DD, E, EE; 50 E, EE; 55 C, EE

BS EN 10137: Parts 1, 2 & 3: 1996 50 F and 55 F

BS EN 10155: 1993 WR50A, B, C

BS EN 10210: Part 1: 1994 Hot-finished structural hollow section grades — excluding

weather resistant grades
BS 7668: 1994 Hot-finished weather resistant hollow section grades




European standards for structural steels 1073

Table 2a Symbols used in EN 10025

S.... Structural steel
E.. Engineering steel
.235...  Minimum yield strength (R.) in N/mm? @ 16 mm
...JR.. Longitudinal Charpy V-notch impacts 27J @ +20°C
...J0..  Longitudinal Charpy V-notch impacts 27J @ 0°C
...J2..  Longitudinal Charpy V-notch impacts 27J @ —20°C
...K2.. Longitudinal Charpy V-notch impacts 40J @ —20°C
....G1  Rimming steel (FU)
...G2  Rimming steel not permitted (FN)
FLAT products: Supply condition ‘N’, i.e. normalized or normalized rolled. LONG products:
Supply condition at manufacturer’s discretion
...G4  ALL products: Supply condition at manufacturer’s discretion

Examples: S235JRG1, S355K2G4

Table 2b Symbols used in EN 10155

S.... Structural steel

.235...  Minimum yield strength (R.) in N/mm? @ 16 mm

...J0..  Longitudinal Charpy V-notch impacts 27J @ 0°C

...J2..  Longitudinal Charpy V-notch impacts 27J @ —20°C

...K2.. Longitudinal Charpy V-notch impacts 40J @ —20°C

. FLAT products: Supply condition ‘N’, i.e. normalized or normalized rolled. LONG products:
Supply condition at manufacturer’s discretion

...G2  All products: Supply condition at manufacturer’s discretion
..W  Weather resistant steel

..P High phosphorus grade

Examples: S235J0WP, S355K2G2W

Table 2¢c  Symbols used in EN 10113

S....  Structural steel

.275..  Minimum yield strength (R.) in N/mm? @ 16 mm
....N. Normalized or normalized rolled

..M. Thermomechanically rolled

..... L Charpy V-notch impacts down to -50°C

Examples: S275N, S355ML

Table 2d Symbols used in EN 10137

S....  Structural steel

.460.. Minimum yield strength (R.) in N/mm? @ 16mm
...Q.  Quenched and tempered

..... L Charpy V-notch impacts down to -40°C

..... L1 Charpy V-notch impacts down to —-60°C

Examples: S460QL, S620QL1
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Bending moment, shear and deflection

CANTILEVERS

2 W , w
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3 Mmax= S~

R
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R
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g:) RA’ w Ra=W
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1078  Bending moment, shear and deflection
CANTILEVERS
2oy L4 1
1S IA 0——ql-—tb—€| A——a t b
~ { L { } L
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2 Z —— curved —{stra/ght }—
O —_— = .
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Q
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-
= I/
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T A N8. For anti-clockwise moments
“ the deflection /s upwards.
curved ——~{straght b— Z b cireu/ar—=|straight — .
3 e Lty
Ly P 3 o M. 2
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Q = 525 (14 3¢) nax. = HE {1+
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SIMPLY SUPPORTED BEAMS

g L , W2 i
Q
g A . 3 . L koS
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= Mmax. =
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3 Mmox. = &8
N RA l\
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% \I Ra \] RB
W
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.
E f“—"-x,—"i 02 MMI = 0// 2
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where mux/l: and n=afl
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SIMPLY SUPPORTED BEAMS

W > W, ",
¢ 2 _ £
3 A N .1 y - B
§ Ry Ap Ry B Rg
< /w_ﬁ\
- Wxf_
3 Me = -3 My = Wx (% - Z5)
S Moo, == O+ 128WL
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N Ry %
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==t B B e
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E Inax. ™= & nax. 60LT
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3 A 3 y X
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G Rg Ry Rp
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Bending moment, shear and deflection

SIMPLY SUPPORTED BEAMS

SHEAR MOMENT LOADING

DEFLECTION

fa wf2
*{/"J W
‘*4—0—+——£——-+-as '

Rg

W 2W/a
e

A

Ry ¢ Ap
-z~

e =48 0 /)

wn 2 o )
R, [\‘ .

m
Ry=w(-§
wm
Rg= 3

SHEAR MOMENT LOADING

DEFLECTION

n—.&. 2 2
Imax50%; (16a* 2006 + 557)

I
F—'a ! 7 b

]

Ry Ry
f-2e—]

Mmax™ 3 - ‘@3/&

when :c-s/f-_sﬂ
2 N

= w (-
2 Wm

=3
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Bending moment, shear and deflection

SIMPLY SUPPORTED BEAMS

DEFLECTION

Omax. owoys occurs within

O-O774 L of the centre of the beom
Whan b 2 q,

P 3
e <20 4(]

This volue is olways within
25 of the maximum volue.

g { 4
Q
S A LhH—— i A,y . —a SA
YA t Ra Fa Ry
§ v PL -
'max™ "~ Mnax. ¢
Ra
Q
R
% 8
P
Fy=Re= = Fy =Fg= P
_ i fmox. — — 1 ez,
3| F—F—1
5 P P o & y
4y Imox. "= sorr ikt
b
]
© s P P
2 1 { }
3| E | e
RN 9 y
li‘ - Pab M. a= Eﬂ%gﬂ
Q Mnax.= 77 P (b+2a)
Ra | Ay
« R, ‘
2 Rq = PbfL Rg=FafL Ry = L1820 Ry
5| ot Seentre ; '

Pb+2a
Ry = 12

For centrol/ deflection
odd the volues for coch P
derived from the formulo
in the odjacent diagrom.
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SIMBLY SUPPORTED BEAMS

- PP PP P
3 4 ‘ ¢ B y +c + ) 3
3 ML/J-]-NL{J*I-—LK!’ - yhe L,f;uf_ Ly Atk
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E P PL 5PL
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o I N P B P P
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3 J c O £ B AL C D E _F A8
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R £ A R L 5
A/\a A/\B
b
) 3PL PL AL PL
§ MC HME - MD = MC-MF ~ MD -MEH—E','-
o
b3
Ry | R4
S ] Rp Rg
by
b Ra=R=12 Ry=Rg=2P
_Imax. Inox.
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SIMPLY SUFPPORTED BEAMS
o P P P P PPPPPP
2 Yoy Piistd
S| A C D E F )8 (n-1) forces 8
S| Fs+4s+4s+4 s+5s b

MOMENT
il

I
’ ]
! o.I

RB RA ma

When n is odd,

Mpax.
When n /s even,

SHEAR

Ry=Rpm2P

__n_umax

Ry

Me=2EE M= =TEL _(nn pL
&n

Mmax. =" PLlg

Inax. "'/9251 /‘;

Rg

Ry=Rpg=(n-/) Fyz
mast.

2 —

Q When n is 00

O /O |

) IR 7.4 Inax.= 527y [0 n//:' =)
. a fOO0EZ When nis even

Q

%)

TOTAL LOAD = W,

RO Ry SO NI MNP Y NN LAY P EY BT,
i N M
YWen "% u‘% SIMPLY SUPPORTED BEAM

17'“/’511

[,

T &b+ L/a <+ Un + Un + Ln Ll L/
-l
o

L

When n > 10, consider the load uniformly distributed
The reaction at the supports = W/2, but the maximum SF
at the ends of the beam = E—%’) =AW

The valve of the maximum bending moment =C WL

J
The value of the def/ection at the centre of the spen= k. ’gl}
Value of n A C k

P4 0-2500 0-/250 0-0/05
J Q-3333 (e Y ¥ N 00118
4 0-3750 01250 0-0/24
5 Q - 4000 0:/200 0-0/126
¢ Q-4/67 Q-1250 Q-0127
7 Q4286 O-1224 0-0/28
e 0-4375 0-1250 0-0/28
9 O 4444 Q-1236 0-0/29
f o] Q-4500 0-1250 0-0/29




Bending moment, shear and deflection

S/MPLY SUPPORTED BEAMS

DEFLECTION  SHEAR MOMENT

Rg
W/L

Mx = BL (m‘-?m-‘+m)
W
Je

Mmax, =

e i‘.‘dmax.

e

g-1we’

Imax.™ 33427

R,
© M o L +
= r N A B8
S| 4 c7 B M5 = M
3 @ e b . o @ My=Mg .
¢ Rla A @ My>Mp 8
M Ya Mp
E — — My [%MS
| Moa= M.aff Mcg=M.b/ (Mg anti-clockwise) —1~Ms
2 Shear diagram when My ¥¥Mg
RA RB RA RB
M- Mg
§ Ry=Rg =M/, Ry=-Rg= —4;
UD m
As shown a>h. @
‘/_%"’ @ ’{_’_}J
% P ® F:l__,)
M.ab a_» When My =My,
g %~ ver (I-1 AT
Q| For anti~clockwise moments max 8E&7
the deflections are reversed.
© 2nd degree parabola. W Complement of parabola.
o Total =W
3 B  [NTeestd]
) 3} 7] Bi
3 L L
ol Ra R
p—x—f m=/L
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Bending moment, shear and deflection

SIMPLY SUPPORTED BEAMS
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BUILT —IN BEAMS
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Bending moment, shear and deflection

BUILT-IN BEAMS

MOMENT LOADING

SHEAR

DEFLECTION
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BUILT - IN BEAMS

DEFLECTION
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1090  Bending moment, shear and deflection
BUILT —IN BEAMS
parabolic  ltotalioad=W  complkement of
Mﬂd p parabola_~
© 8] %
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—
My My | My e M

MOMENT
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SHEAR

DEFLECTION

R R,
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E ]
I I W O 4w
E R T d Imax.™ 394 E1
Q
#
¢ &
2
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< symmetrical diagram ' -
9 y _/—\g a >2b l_t"--__ R"*-.
-'2b[“+‘--._ ‘-\:ﬂ-‘]‘“--__
AIA MB i@ ““-"-'.J

MA = MB = _AS/ L
where Ag /s the area of the Tree'
bending moment diagram

e
~_]
R4 =Rg = We

~~<~ 7 The figure shown
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27 K % moment wagramng
- xy -

* and 4
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AgX ~A; Xy
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Where A; /s the area of the fixing
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7 : i 4
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BUILT = IN BEAMS
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BUILT —IN BEAMS
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Bending moment, shear and deflection

BUILT —IN BEAMS

LOADING

MOMENT

Ay _\_l

My =Mg= —~2PL/fs
Mp =Mg = PL/e

S
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S

Wy 3

o o, .._f.'l-_
E max. = [500 £T

PPPPPPP
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N
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2en
Ry _‘_\—‘—.
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Imax. = jo3kT /’. //[ (’ - ,y

When n is even

it

- COLWN
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/( :[.:- P .'.']:o ‘e .. . .
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.0 0%, ",
I P

W, CONTINUOUS

BEAM

B Ly — Ly - L/, -E-L/,, ~—Lfp ~ Ly =L/

L. When n> 10, consider the load uniformiy distributed
The Ioad on the outside stringers is carried directly by the supports
The continuous beam is assumed to be horizontal at each support
The reaction at the supports for each span = W/>. but the maximum

shear force /n any span of the continuous beam = H‘?L)-A w
The value of the tixing moment at each support =— B.WL
The value of the maximum positive moment For each span=_, Wl.
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1094  Bending moment, shear and deflection
PROPPED CANTILEVERS
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Bending moment, shear and deflection

PROPPED CANTILEVERS
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PROPPED CANTILEVERS
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PROPPED CANTILEVERS
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Bending moment, shear and deflection

PROPPED CANTILEVERS
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PROPPED  CANTILEVERS

2nd. degree parabola w
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Bending moment, shear and deflection

PROPPED CANTILEVERS
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PROPPED CANTILEVERS
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Bending moment and reaction

EQUAL SPAN CONTINUOUS BEAMS

UNIFORMLY DISTRIBUTED LOADS

Moment

coefficient x W x L

Reaction = coefficient x W
where W /s the UDL. on one span only ond L is one span
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Bending moment and reaction 1103

EQUAL SPAN CONTINUOUS BEAMS
CENTRAL POINT LOADS

Moment = coefficient x Wx L
Recction = coefficient x W

where W is the Lood on one spon only and L is one spon
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Bending moment and reaction

EQUAL SPAN CONTINUOUS BEAMS
POINT LOADS AT THIRD POINTS OF SPANS

Moment = coefficient x Wx L
Reaction = coefficient x W

where Wis the toto/ /oad on one spon only & L is one spon
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Influence lines for bending moments — three-span beam

O 24 6 8101214111820
P> S5 29 3K ReI

Influence line for
Intluence line for

Intluence line for
point 4

Influence line for
point 3

Infl_uence line for
point 2

345
S

T T O T I




1109

Influence lines

252729

| |

/4 /6 & 2022
IS5 79 nI3Is 7w FE958550

/

O 24 6 & O /2

11

b T N

W T T I

f

Influence line for

point 6

#0000

100
sio0 190
9100

700 100
2000

6000

6200 gio0
§$FO0 8600
b‘ODQ‘OO

eo-o

Zro0
#LO-
s2r0 "9
OF!-0 9010
9400
6900
200

Intluence line for

point 7

$000
2100

Intivence line tor

point &

TTrrrr

Influence line for

point 9

TTTETTTTTTH

) IO T O I U

S T

Influence line for

point 10

TTRTT

o
ho
S8
(o]
O
5333
o 0O 0
g —
L T 71711

L0000 £100
&I0-0

200
$&00

200
100

$/0-0 2600
600 $90-0
$£0:0

NNOO%.OOO
6800

‘ .
. QMM 2200
c0/-0

060-0

££00
500

P00



Influence lines

1110

O 24 6 80 121416 18 202224262830
I 35 7 9 ITISITR I

il 114l

i1 4

| O I |

| T

$

Intlugnce /ine tor

point H

+

-+

Influence line tor
point 12

N T T O A B )

Influence line for

influence line for
point /5

Inflvence line for
boint 14

point 13

TTT 3T TT1 7T




1111

Influence lines

Influence lines for reactions and shear forces — three-span beam
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Influence lines

Influence lines for reactions and shear forces — four-span beam
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1116~ Second moments of area

T 4
SECOND MOMENTS OF AREA (¢cm®)
ot .
OF TWO FLANGES

R per millimetre of width

Distance THICKNESS OF EACH FLANGE IN MILLIMETRES
d.
mom 10 12 15 18 20 22 25 28 30 32
1000 | 5101 | 6145 | 7727t 9328| 1041| 1149 1314| 14s0| 1s92| 1705
1100 | B16.1 | 742 9325! 1126| 1255 1385} 1s82| 782 | 18181{ 2051
1200 | 7321 8814 | 1107} 1335] 1480 | 1843} 1876{ 2112 | 2270 2429
1300 | 8581 | 1033 | 1297} 1564 1743 | 1923| 2195 2469 | 2654 2839
1400 | 9941 | 196 | 1502{ 1810| 2017 | 2224| 25391 2855 | 3068 3282
1500 1140 | 1372 | 1721 | 2074| 2311 | 2548| 2807} 3269 3512| 3756
1600 1296 | 1559 | 1956 | 2356| 2625) 2894 3301| 3711 ] 3986 | 4282
1700 1462 | 1759 ! 2206 | 2656 | 2959{ 3262 3720| 4181 ass0| 4800
1800 16381 1970 | 2471| 2975| 23131 3652 4164| 4678 ] 5024 | 5371
1900 1824 | 2193 | 2750| 331%| 3687 | 4064| 4632 5204 )] 5588 5373
2000 2020 | 2429 | 3045 3665{ 4081 | 4498| &126| 5758 | 6182 | 6607
2100 2226 | 2676 | 3355 | 4037 4495 | 4953 | 6645| 6340 | 6806 7273
2200 2442 | 2936 | 3680 | 4428 4929 | s431| 6189 | 6950 | 7460 | 7971
2300 2668 | 3207 | 4019 | 4836! 5383 | 5931| 67s7| 7588 | 8144 | 8702
2400 2904 | 3491 | 4374 | 5262 5857 | 6453 | 7351 | 8254 | 8858 | 9464
2500 3150 | 3786 | 4744 ] 5706 | 6351 | 6997| 7970| 8947 | es02 | 10258
2600 3406 | 4094 | 5129 6169 | 6865 | 7563] 8614 | 9669 | 10376 | 11084
2700 3672 | 4413 | 55281 6649 | 7399 | 8150 9282 | 10419 | 11180 | 11943
2800 3948 | 4744 | 5943} 7147 | 7953 | 8760) 99767 11197 | 12014 | 12833
2900 4234 | 5088 | 6373 | 7663| 8527 | 9392 | 10695 { 12003 | 12878 | 13755
3000 4530 | 5443 | €818 | BI19B| 9121 | 10046 | 11439 | 12837 | 13772 | 14709
2100 4836 | 5811 | 7277 | 8750| 9735 | 10722 | 12207 | 13699 | 14696 | 15696
3200 5152 | 6190 | 7752 | 9320 10369 | 11420 | 13001 | 14588 | 15650 | 16714
3300 5478 | 6582 | 8242 | 9908 | 11023 | 12139 | 13820 | 15506 | 16634 | 17764
3400 5814 | 6985 | 8747 | 10515 | 11697 | 12881 | 14664 | 16452 [ 17648 | 18846
3500 6160 | 7401 | 9266 | 11139 | 12391 | 13645 | 15532 | 17426 | 18692 | 10961
3600 6516 | 7828 | 9801 11781 | 13105 | 14431 | 16426 | 18428 | 19766 | 21107
3700 6882 | 8267 | 10351 | 12441 | 13839 | 15239 | 17345 | 19458 | 20870 | 22285
3800 7258 | 8719 | 10916 | 13120 ] 14593 | 16068 | 18289 | 20515 | 22004 | 23495
3900 7644 | 9182 | 11495 | 13816 | 15367 | 16920 | 19257 | 21601 | 23168 | 24738
4000 8040 | 9658 ! 12090 | 14530 | 16161 | 17794 | 20251 | 22715 | 24362 | 26012
4100 8446 | 10145 | 12700 | 15262 | 16975 | 18690 | 21270 | 23857 | 25586 | 27318
4200 8862 | 10645 | 13325 | 16012 | 17809 | 19608 | 22314 | 25027 | 26840 | 28686
4300 9288 | 11156 | 13964 | 16784 | 18663 | 20548 | 23382 | 26225 | 28124 | 30027
4400 9724 ; 11679 | 14618 ] 17667 | 19537 | 21510 | 24476 | 27450 | 29438 | 31429
4500 | 10170 + 12215 | 15289 | 18371 | 20431 | 22494 | 25505 | 28704 | 30782 | 32863
4800 | 10626 | 12762 | 15974 | 19193 | 21345 | 23499 | 26739 | 29986 | 32156 | 34329
4700 | 11092 | 13322 | 16673 | 20034 | 22279 | 24527 | 27907 | 31296 | 33560 | 35827
4800 | 11568 | 13893 | 17388 | 20892 | 23233 | 25577 | 20101 | 32634 | 24994 | 37358
4900 | 12054 | 14477 | 18118 | 21768 | 24207 | 26645 | 30320 | 34000 | 36458 | 38920
5000 | 12550 | 15072 | 18863 | 22662 | 25201 | 27743 | 31564 | 35393 | 37952 | 40514




Second moments of area 1117
B——
ENTS OF AREA (cm* *-
SECOND MOM (cm™) ,

OF TWO FLANGES P

per millimetre of width L':—'-—

THICKNESS OF EACH FLANGE IN MILLIMETRES Distance

d.

35 38 a0 as 50 55 60 65 70 75 mm
1875 | 2048 | 2164 | 2459 | 2758| 3064 | 3374 | 38691 4ct3 | 4341 | 1000
2255 | 2461 | 2600 | 2951 3308| 3671] 4040 | 4416 | 4797 | 5184 | 1100
2670 | 2913 | 3076 | 3489 | 3908 | 4334 | 4766 | 5205] 5651 | 6103 | 1200
3120 | 3402 | 3592 | 4072 | 4558| 5052 ) 5552 | 6060 | 6575 | 7097 | 1300
3604 | 3930| 4148 | 4700 5258| 5825( 6398 | 6980 ; 7569 | 8166 | 1400
4124 | 4495| 4744 | 5372 6008| 66521 7304 | 7965 | 8633 | 9309 | 1500
4679 | 5099 ) 5380 | 6090 6808| 75351 8270| 9014 ! 9767 10528 | 1600
5269 | 5740 | 6056 | 6853 ] 7658 8473 ( 9296 | 10120 10971 ] 11822 | 1700
5893 | 6420 6772 | 7661 8558 | 9466 | 10382 | 11303 { 12245 | 13191 | 1800
6553 | 7137 7528 | 8513 | 9508 | 10513 | 11528 | 12554 | 13589 | 14634 | 1900
7248 | 7892} 8324 | 9411 | 10508 | 11616 { 12734 | 13863 | 15003 | 16153 { 2000
7978 | 8686 ! 9160 | 10354 | 11568 | 12774 | 14000 | 15238 | 16437 | 17747 | 2100
8742 | 9517 | 10036 | 11342 | 12658 | 13987 | 15326 | 16678 | 18041 | 19416 | 2200
9542 | 10387 | 10952 | 12374 | 13808 | 15254 | 16712 | 18183 | 19665 | 21159 | 2300
10377 | 11294 { 11908 | 13452 | 15008 | 16577 | 18158 | 19752 | 21359 | 22978 | 2400
11247 | 12240 | 12904 | 14575 | 162568 | 17955 | 19664 | 21387 | 23123 | 24872 | 2500
12151 | 13223} 13940 | 15743 | 17558 | 19388 | 21230 | 23087 | 24957 | 26841 | 2600
13081 | 14245 § 15016 | 16955 | 18908 | 20875 | 22856 | 24852 | 26861 | 28884 | 2700
14066 | 15304 | 16132 | 18213 | 20308 | 22418 | 24542 | 26681 | 28835 | 31003 ! 2800
15076 | 16401 | 17288 | 19516 | 21758 | 24016 | 26288 | 28576 | 20878 | 33197 | 2900
16120 | 17537 | 18484 | 20864 | 23258 | 25669 | 28094 | 30536 | 32993 | 35466 | 3000
17200 | 18710 ] 19720 | 22256 | 24808 | 27376 | 29960 | 32561 | 35177 | 37809 | 3100
18315 | 19922 | 20996 | 23694 | 26408 | 29139 | 31886 | 34650 | 37431 | 40228 | 3200
19465 [ 27171 | 22312 | 25177 | 28058 | 30957 | 33872 | 36805 | 39755 | 42722 | 3300
20649 | 22459 | 23668 | 26705 | 29758 | 32830 | 35918 | 39025 | 42149 | 45291 | 3400
21869 | 23784 | 25064 | 28277 | 31508 | 34757 | 38024 | 41310 | 44613 | 47934 | 3500
23124 | 25147 | 26500 | 29895 | 23308 | 36740 | 40190 | 43659 | 47147 | 50653 | 3600
24414 | 26548 [ 27976 | 31558 | 35158 | 38778 | 42416 | 46074 | 49751 | 53447 | 3700
25738 | 27988 | 29492 | 33266 | 37058 | 40871 | 44702 | 48554 | 52425 | 56316 | 3800
27098 | 29466 | 31048 | 35018 | 39008 | 43018 | 47048 | 51099 | 55169 | 59259 | 3900
28493 | 30981 | 32644 | 36816 | 41008 | 45221 | 49454 | §3708 | 57983 | 62278 | 4000
29923 | 32535 | 34280 | 38659 | 43058 | 47479 | 51920 | 56383 | 60867 | 65372 | 4100
31387 | 34126 | 35956 | 40547 | 45158 | 49792 | 54446 | 59123 | 63821 | 68541 | 4200
32887 | 35756 | 37672 | 42479 | 47308 | 52159 | 57032 | 61928 | 66845 | 71784 | 4300
34422 [ 37423 | 39428 | 44457 | 49508 | 54582 | 59678 | 64797 | 69939 | 75103 | 4400
35992 | 39128 | 41224 | 46480 | 51758 | 57060 | 62384 | 67732 | 73103 | 78487 | 4500
37596 | 40872 | 43060 | 48548 | 54058 | 59593 | 65150 | 70732 | 76337 | 81966 | 4600
39236 | 42653 | 44936 | 50660 | 56408 | 62180 | 67976 | 73797 | 79641 | 85509 | 4700
ang11 | 44473 | 46852 | 52818 | 58808 | 64823 | 70862 | 76926 | 83015 | 89128 | 4800
42621 | 46330 | 48808 | 55021 | 61258 | 67521 | 73808 | 80121 | 86459 | 92822 | 4900
44365 | 48226 | 50804 | 57269 | 63758 | 70274 | 76814 { B3381 | 89973 | 96581 | 5000
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Second moments of area

SECOND MOMENTS OF AREA (cm*)

OF RECTANGULAR PLATES

about axis x -x

Depth THICKNESS ¢ MILLIMETRES

d.

mm 3 a 5 [ 8 10
25 391 521 B51 781 1.04 1.30
50 313 a17 521 6.25 8.33 10.4
75 105 141 17.8 210 281 35.2
100 250 333 417 50.0 66 7 83.3
125 48.8 65 1 81.4 97.7 130 163
150 84.4 113 141 169 225 281
175 134 179 223 268 357 447
200 200 267 333 400 533 667
225 285 380 475 570 759 949
250 391 521 651 781 1042 1302
275 520 693 867 1040 1386 1733
300 675 360 1125 1350 1800 2250
325 858 1144 1430 1716 2289 2861
350 1072 1429 1786 2144 2858 3573
a7s 1318 1758 2197 2637 3516 4395
400 1600 2133 2667 3200 4267 5333
a2s 1919 2559 3199 3838 5118 6397
450 2278 3038 3797 4556 6075 7694
475 2679 3572 4465 5359 7145 8931
500 3125 4167 5208 6250 8333 10417
525 3618 4823 6029 7235 9647 12059
550 4159 5546 6932 8319 11092 13865
575 4753 6337 7921 9505 12674 16842
600 5400 7200 3000 10800 14400 18000
625 6104 B138 10173 12207 16276 20345
650 6866 2154 11443 13731 18308 22885
675 7689 10252 12814 15377 20503 25629
700 8575 11433 14292 17150 22867 28583
725 9527 12703 16878 19054 25405 31757
750 10547 14063 17578 21094 28125 35156
775 11637 15516 19395 23274 31032 38790
BOO 12800 17067 21333 25600 34133 42667
825 14038 18717 23396 28076 37434 46793
850 15363 20471 25589 30706 40942 51177
875 16748 22331 27913 33496 44661 55827
200 18225 24300 30375 16450 48600 60750
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SECOND MOMENTS OF AREA (em?) T
OF RECTANGULAR PLATES ot

about axis x—x

j S
THICKNESS t MILLIMETRES Depth
d.

12 15 18 20 22 25 mm
1.56 1.95 2.34 2.60 2.86 326 25
125 156 188 208 22.9 26.0 50
422 52.7 633 70.3 773 87.9 75
100 125 150 167 183 208 100
195 244 293 326 358 407 128
338 422 506 563 619 703 150
536 670 804 893 983 1117 175
800 1000 1200 1333 1467 1667 200
1139 1424 1709 1898 2088 2373 225
1563 19563 2344 2604 2865 3255 250
2080 2600 3120 3466 3813 4333 275
2700 3375 4050 4500 49560 5625 300
3433 4291 5149 5721 6293 7152 325
4288 5359 6431 7146 7860 8932 350
5273 6592 7810 8783 9668 10986 375
6400 8000 9600 10667 11733 13333 400
1677 9596 11615 12794 14074 15993 425
9313 11391 13669 15188 16708 18984 450
10717 13396 16076 17862 19648 22327 475
12600 15625 18750 20833 22917 26042 500
14470 18088 21705 24117 26529 30146 525
16638 20797 24956 27729 30502 34661 550
19014 23764 28516 31685 34853 39606 575
21800 27000 32400 36000 39600 45000 600
24414 30518 36621 406490 44759 50863 625
27463 34328 41194 45771 50348 57214 650
30755 38443 46132 51258 56384 64072 875
34300 42875 51450 57167 62883 71458 700
38108 47635 57162 63513 69864 79391 725
42188 52734 63281 70313 77344 87891 750
46548 58186 69823 77581 85339 96976 775
51200 64000 76800 85333 93857 106667 800
56152 70189 84227 93586 102945 116982 825
61413 76766 92119 102354 112580 127943 850
66992 83740 100488 111654 122819 139567 ars
72900 91125 109350 121500 133650 151875 900
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Second moments of area

SECOND MOMENTS OF AREA (cm?)

R OF RECTANGULAR PLATES
! about axis x—x
v

Depth THICKNESS t MILLIMETRES

d.

mm 3 a 5 6 8 10
1000 25000 33333 41667 50000 66667 83333
1100 33275 44367 55458 66550 88733 110917
1200 43200 57600 72000 86400 115200 144000
1300 54925 73233 91542 109850 146467 183083
1400 68600 91467 114333 137200 182933 228667
1500 84375 112500 140625 168750 225000 281250
1600 102400 136533 170667 204800 273067 341333
1700 122825 163767 204708 245650 327533 409417
1800 145800 194400 243000 291600 388800 486000
1900 171475 228633 285792 342950 357267 571683
2000 200000 266667 333333 400000 533333 566667
2100 231525 308700 385875 463050 617400 771750
2200 266200 354933 443667 532400 709867 887333
2300 304175 205567 506958 $08350 811133 1013917
2400 345600 460800 576000 691200 821600 1152000
2500 390625 520833 651042 781250 1041667 1302083
2600 439400 525867 732333 878800 1171733 1464667
2700 492075 656100 820125 984150 1312200 1640250
2800 548800 731733 914667 1097600 1463467 1829333
2900 609725 812967 1016208 1219450 1625933 2032417
3000 675000 900000 1125000 1350000 1800000 2250000
3100 744775 993033 1241292 1489550 1986067 2482583
3200 819200 1092267 1365333 1638400 2184533 2730667
3300 898425 1187900 1497375 1796850 2395800 2994750
3400 982600 1310133 1637667 1965200 2620267 3275333
3500 1071875 1429167 1786458 2143750 2858333 3572917
3600 1166400 1555200 1944000 2332800 3110400 3888000
3700 1266326 1688433 2110642 2532650 3376867 4221083
3800 1371800 1829067 2286333 2743600 3658133 4572667
3900 1482975 1977300 2471625 2965950 3954600 4943250
4000 1600000 2133333 2666667 3200000 4266667 5333333
4100 1723025 2297367 2871708 3446050 4594733 5743417
4200 1852200 2469600 3087000 3704400 4939200 6174000
4300 1987676 2650233 3312792 3975350 5300467 6625583
4300 2129600 2839457 3549133 2253200 5678933 7098667
4500 2278125 3037500 3796875 4556250 8075000 7593750
4600 2433400 3244533 4055667 4866800 6489067 8111333
4700 7595575 3460767 4325958 5191150 6921533 8651917
4800 2764800 3686400 4608000 5529600 7372800 9216000
4900 2941225 3921633 4902042 £882450 2843267 9804083
5000 3125000 4156667 5208333 6250000 8333333 10416667
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4
SECOND MOMENTS OF AREA (cm”)
4, ~_HH_*
OF RECTANGULAR PLATES |
about axis x—x
THICKNESS t MILLIMETRES Depth
d.
12 15 8 20 22 25 mm
100000 125000 150000 166667 183333 208333 1000
133100 166375 199650 221833 244017 277292 1100
172800 216000 259200 288000 316800 360000 1200
219700 274625 329550 366167 402783 457708 1300
274400 343000 411600 457333 503067 571667 1400
337500 421875 506250 562500 618750 703125 1500
409600 512000 614400 682667 750933 853333 1600
491300 614125 736950 818833 900717 1023642 1700
583200 729000 874800 972000 1069200 1215000 1800
685900 857375 1028850 1143167 1257483 1428958 1900
800000 1000000 1200000 1333333 1466667 1666667 2000
926100 1157625 1389150 1543500 1697850 1929375 2100
1064800 1331000 1597200 1774667 1952133 2218333 2200
1216700 1520875 1825050 2027833 2230617 2534792 2300
1382400 1728000 2073600 2304000 2534400 2880000 2400
1562500 1953125 2343750 2604167 2864583 3255208 2500
1757600 2197000 2636400 2929333 3222267 3661667 2600
1968300 2460375 2952450 3280500 3608550 4100625 2700
2195200 2744000 3292800 3658667 4024533 4573333 2800
2438900 3048625 3658350 4064833 4471337 5081042 2300
2700000 3375000 4050000 4500000 4950000 5625000 3000
2979100 3723875 4468650 49651567 5461683 5206458 3100
3276800 4096000 4815200 5461333 6007467 6826667 3200
3593700 4492125 5390550 5989500 6588450 7486875 3300
3930400 4913000 5895600 6550667 7205733 8188333 3400
4287500 5359375 6431260 7145833 7860417 8932292 3500
4665600 5832000 £998400 7776000 8553600 9720000 3600
5065300 6331625 7597950 8442167 9286383 10552708 3700
5487200 6859000 8230800 9145333 10059867 11431667 3800
5931900 7414875 8897850 9886500 10875150 12358125 3900
6400000 8000000 9600000 10666667 11733333 13333333 4000
6892100 8615125 10338150 11486833 12635517 14358542 4100
7408800 9261000 11113200 12348000 13582800 15435000 4200
7950700 9938375 11926060 13251167 14576283 16563958 4300
8518400 10648000 12777600 14197333 15617067 17746667 4400
9112500 11390625 13668750 15187500 16706250 18984375 4500
9733600 12167000 14600400 16222667 17844933 20278333 4600
10382300 12977875 15573450 17303833 19034217 21629792 4700
11059200 13824000 16588800 18432000 20275200 23040000 4800
11764900 14706125 17647350 19608167 21568983 24510208 4900
12500000 15625000 18750000 20833333 22916667 26041667 5000
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Second moments of area

SECOND MOMENT
OF A PAIR OF UNIT AREAS

about axis x—x

Disiance
d. 2] 5 10 15 20 25 30 as 40 45
mm
500 1250 1275 1301 1326 1352 1378 1425 1431 1458 1485
550 1513 1540 1568 1596 1625 1653 1682 1711 174% 1770
S00 1800 1830 1861 1891 1922 1953 1985 2016 2048 2080
650 2113 2145 2178 221 2245 2278 2312 2346 2381 2415
700 2450 2485 2521 2556 2592 2628 2665 2701 2738 2775
750 2813 2850 2888 2926 2965 3003 3042 3081 321 3160
800 3200 3240 3z 33 3362 3403 3445 3486 3528 3570
as0 3613 3655 3698 3741 3785 3828 3872 3916 3961 4005
500 4050 4095 4141 4186 4232 4278 4325 4371 4418 4465
950 4513 4560 4608 4656 4705 4753 4802 4851 4901 4950
1000 5000 5050 5101 5151 5202 5253 5305 5356 5408 5460
1050 5513 5565 5618 5671 5725 5778 5832 5886 5941 5995
1100 6050 6105 6161 6216 6272 6328 6385 6441 6498 6555
1150 6613 B670 6728 6786 6845 6903 6962 7021 7081 7140
1200 7200 7260 7321 7381 7442 7503 7565 7626 7688 1750
1250 7813 7875 7938 800 8065 8128 8192 8256 831 8385
1300 8450 8515 8581 B646 8712 8778 B845 831 8978 9045
1350 89113 9180 92448 9316 9385 9453 9522 9531 9661 9730
1400 9800 9870 9341, Q011 10082 | 101563 | 10225 | 10296 | 10368 | 10440
1450 10513| 10585 | 10658 10731 | 10805 | 10878 | 10952 | 11026 | 11101 | 11175
1500 11250 11325| 11401 | 114761 311552 | 11628 | 11705 § 11781 118568 | 11935
1550 12013 12090 | 12168 12246 | 12325 | 12403 | 12482 | 12561 | 12641 | 12720
1600 12800 12880 12961 | 13041 3122 | 13203 | 13285 | 13366 | 13448 | 13530
1650 13613 ( 13695 | 13778 13861 | 13945 | 14028 | 14112 | 14196 | 14281 | 14365
1700 14450 14535 14621 14706 | 14792 [ 14878 | 14955 | 1505t | 15138 | 15226
1750 15313 ( 15400 15488 15576 | 16665 | 15753 | 15842 | 1593t | 18021 | 16110
1800 16200 ( 16290 | 16381 16471 | 16562 | 16653 | 16745 | 16836 | 16928 | 17020
1850 17113} 17205 17298 17391 | 17485 | 17578 | 17672 | 17766 | 17861 | 179565
1900 18050 | 18145 18241 | 18336 | 18432 | 18528 § 18625 | 18721 | 18818 | 18815
1950 19013 181107 19208 | 19306 | 19405} 19503 | 19602 | 19707 | 18801 | 18900
2000 20000( 20100| 20201 | 20301 | 20402 | 20503 { 20605 | 20706 | 20808 | 20910
2050 21013 211150 21218 | 21321 21425 | 21528 | 21632 | 21736 | 21841 | 21945
2100 22050) 22155| 22261 | 22366 | 22472 | 22578 | 22685 | 22791 | 22898 | 23005
2150 23113 23220| 23328 23436 | 23545 | 23653 | 23762 | 23871 | 23981 | 24080
2200 24200 24310| 24421 24531 | 24642 | 24753 | 24865 | 24976 | 25088 | 25200
2250 25313| 25425| 25538 25651 | 25765 | 25878 | 25992 | 26106 | 26221 | 26336
2300 26450| 26585 | 26681 26796 | 26912 | 27028 | 27145 { 27261 | 27378 | 27485
2350 27613| 27730| 27848 27966 | 28085 | 28203 | 28322 | 28441 | 28561 | 28680
2400 288001 28820| 29041 | 29161 ; 29282 | 29403 | 29525 | 29646 { 29768 | 29830
2450 30013| 30135| 30258 | 30381 | 30505 | 30628 | 30752 | 30876 | 31001 | 31125
2500 31250} 31375] 31501 | 31626 ] 31752 | 31878 | 32005 | 32131 | 32258 | 32385
2550 32513; 32640 32768 | 32896 33026 | 33153 | 33282 | 33411 | 33541 | 33670
600 338001 33930 34061 | 34191 34322 | 34453 | 234585 | 34716 | 34848 | 34980
2650 35113! 35245 35378] 35511 | 35645 | 35778 | 35912 | 36046 | 36181 | 36315
2700 36450 36585 | 36721 36856 | 36992 | 37128 | 37265 | 37401 | 37538 | 37675

Second moments are tabulated in cm? and are for unit areas of [ cm? each.




Second moments of area

SECOND MOMENT
OF A PAIR OF UNIT AREAS

about axis x—x

1123

T{?

Lo

Distance
d. 0 5 10 15 20 25 30 35 a0 45
mm

2750 37813| 37950 38088 38226 | 38365 | 38503 | 38642 | 38781 | 38921 | 39060
2800 39200| 39340| 394813 39621 39762 | 39903 | 40045 | 40186 | 40328 | 40470
2850 40613( 40755] 40898 41041 | 41185 | 41328 | 41472 | 41616 | 41761 | 41905
2900 42050 42195] 423411 42486 | 42632 | 42778 | 42925 ) 43071 | 43218 | 43365
2650 43513 43660 43808 43956 | 44105 | 44253 | 44402 | 445571 | 34701 | 44850
3000 45000 451650 45301 45451 45602 | 45753 | 45905 | 46056 | 46208 ; 46360
3050 46513| 46665] 46818| 469711 47125 | 47278 | 47432 | 47586 | 47741 | 47895
3100 4B050| 48205 48361[ 485161 48672 | 48828 | 48985 | 49141 | 48298 | 49455
3150 49613 49770 49928| 50086 | 50245 | 50403 | 505562 | 50721 | 50881 51040
3200 51200 51360 51521 51681 51842 | 52003 | 52165 | 52326 | 52488 | 52650
3250 52813 52975 53138| 53301 | 53465 ; 53628 | 53792 | 53956 | 54121 54285
3300 54450| 54615 B4781| 54946 | 55112 ) 55278 | 55445 | 65611 | 55778 | 55945
3350 56113 56280 56448| L6636 | 56785 | 56953 | 57122 | 57291 | 57461 57630
57B00| 57970| 58141| 58317 58482 | 58653 | 58825 | 58996 | 59168 | 59340
3450 59513] 59685| 59858| 60031 | 60206 | 60378 ! 60552 | 60726 | 60901 | 61075
3500 612507 61425! 616011 61776 61952 } 62128 ; 62305 | 62481 | 62658 | 62835
3550 63013 63190 6336B| 63b46| 63725 | 63903 | 64082 | 64261 | 64441 | 64620
3600 648004 64980| 65161| 65341 | 65522 | 65703 | 65885 | 66066 | 66248 | 66430
3650 66613| 66795| 66978| G7161| 67345 | 67528 | 67712 | 67896 | 68081 | 68265
3700 68450| 68636 68821 69006| 69192 69378 | 69565 | 69751 | 69938 | 70125
3750 70313, 70500| 70688| 70876| 71065 | 71253 731442 | 71631 | 71821 72010
3800 72200| 72390| 72581 72771 | 72862 | 73153 | 73345 | 73536 | 73728 | 73920
3850 74113 74305| 74498 74691 | 74885 75078 75272 | 75466 | 75661 75855
3900 76050] 76245 76441 76636 76832 77028 | 77225 | 77421 | 77618 | 77815
3950 78013) 78210 78408 7B6O6 | 78B8OS | 79003 | 79202 [ 79401 | 79601 79800
4000 BOOOO! 80200( 80401 BOB01| BOBOZ| 81003 | 81205 | 81406 | B1608 | 81810
4050 82013 82215 82418 82621 82825 83028 | 832321 83436 | 83641 | 83845
4100 84050 B84255| B4461| B4ABG6| B4872 | 85078 | B5285 | BH491 | BEG698 | 858056
4150 86113 86320 86528 86736| 86945 87153 | B7362 | 87571 | 87781 | 87990
4200 882001 B88410| B8EZ21Y| BB8E31| 89042 | B9253 | BY465H | 89676 | BIBBB | 90100
4250 903131 90525| 90738| 90951| 91165| 91378 91592 | 91806 | 92021 | 92235
4300 92450 92665 92881 93096| 93312 | 93528 93745 93961 | 94178 | 94395
4350 94613] 94830| 95048| 95266| 95485| 95703 95922 | 86141 ( 96361 | 96580
4400 96800 97020| 97241 97461 97682 | 97903 | 98125 | 98346 | 98568 | 98790
4450 99013 99235| 99458| 99681| 99905 100128100352 | 100576 [ 1O0BO1 | 101025
4500 | 101250 1014750 101701 101926 102152 | 102378 | 102605 | 102831 | 103068 | 103285
4550 | 1035131 103740/ 103968| 104196| 104425 104653 | 104882 | 105111 | 105341 | 105570
4600 | 105800 106030] 106261 106491 | 106722 [ 106953 | 107185 | 107416 | 107648 | 107880
4650 | 108113 108345 108578| 108811 | 109045 1092781109512 | 109746 | 109981 1110215
4700 | 110450 110685 110921 1111566( 111392111628 | 111865112101 | 112338 [112575
4750 | 112813 113050] 113288] 113526| 113765| 114003 | 1142421 114481 | 114721 1114960
4800 | 1152000 115440 115681] 115921| 116162 | 116403 | 116645 | 116886 | 117128 { 117370
4850 | 117613 117855[ 118098] 118341 118585 118828( 119072119316 | 119561 | 119805
4900 | 120050 120295{ 120541 120786| 121032 | 121278 121525121771 1122018 { 122265
4950 | 122513 122760t 123008] 123256( 123505 123753 ( 124002 ( 124251 | 124501 | 124750

Second moments are tabulated in ¢m* and are for unit areas of | cm? each.
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Geometrical properties of plane sections

GEOMETRICAL PROPERTIES OF PLANE SECTIONS

. Position Moments Section
Section Areq  \or Centroid| of Inertio Moduli
3 Tox = M )36 |2y
g Y A Iyy = A5'/48 |bose = bNf12
g 2 =2=7 Toq= b4/4 apex = bi/24
N Ipp = 0M/12 |Zyy = s0%fes
o
g Iy = d&f12 Zyy = b0%s
X A= 3¢ ex= % Tyy = ab’f12
- 2,
L Ipp = b3 |Frr=a0%s
'
u
2
b s ad 2a?
< A= b0 |ex==2L |ppy=—=20_ |2, =
5 V27w e T I Rl r
| > exie
Q
N
g ex = Iyxy = Zyy =
X A= 00 |bain@tdcost| bo/s7ein’0+a%0s’s/| bd(bZeine +
] 2 e . dfeos’e/
& Gfb.2in 0+d con §)
Ié - l J— o = -5-- IXX =Iyy =l"/,2 Zm=2ry = %J
3 x——--5'|§'— ;'x A= al Ipp = a3
Q pot & = iy L
br4 €, = o Tyy /12 Zyy = o
I
g _ aYhraab+5) | 2xx = A
~ Ty I-ex
Q‘ I=VM ftwo volues)
% 13t b I _d/a#-c"wuiﬂz _2Iyy
S yy= Py ry
Q b3 Y
P Tax = 4g  |%x= 28
3 er =L
X e o8’ g8
9 Irr = 26 |Prr™ 3§
% Zyx = 012030°
Q ex= 08688 Lyx = Tyy = Iyy
" k4 ‘oo
t(‘ -d/: = 0-060/d" dyy = Lyy
T = 0104297
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GEOMETRICAL PROPERTIES OF PLANE SECTIONS
Arec Position Moments Section
of Centroid | of Inertia Moadu/i
cz) ’ &xx = Zyy
o te0.028042] ==F | Dx=Iry=Iyy |=0/09507
~ ©=0:54/d | = 0-0547¢* |Z,y=0-10112"
8 s =0 Hi42d
_nsicot@ I =TI
% A=—3 e=ro R ! > fz 7
E A= nréton® depending on =Lﬁg%z zZ = -
=4 _nR%in20
g \ 7, A="2 :’::“'”:'_', :"d A (2% &%)
Reguler tigure 48
o ot i
'u ’ A= 'fz T —6—4— = lJ—z-—
.d e=r= g
@ 2
S A= O-7854d7) I= 0-7854r% |Z2=0-7854r3
Y n Zxx
&3 S Ty =0-1098r% lbose= ozsé»i
S| 4‘ X|A=15708r2 |ex=0-424r crown =0-/907r
3 Iy =0-3927r%  Zyy=0-3927+3
= Yy (44
= rY8’
Ass &t |[Dx= ,%f%ar“’?‘y Zxx
f0=724 bose=TIyyx /e
S r2/a@® _ 20r*fi—cos 8)* xft x
3 5 m,—me} W 8°—/80°sin 0 |crown = T-‘%
o ex=eo-reosd fod {:’.‘."_ I,
H x =% 2\ Iry = 45 (307 Zyy = i‘_a
&8in.0+8in26)
_360°, 20 4rdZyx
g emZr L B o 3'%“,2 7 lcentre =Ivxfex
” =3 e rYr @° z
b Am g str? 2e Ly g ﬂfﬁ,—u‘n. a/ cromn = 7‘%
Ly i 7 2 I
% (it o) |z, = 2201
4m1mm Volyes
b Tyy =Iyy = 0-054%
3 exmO-d24r | XXV Zxx = 2yy
% o =006r Top = 0190374 = 0-0953r7
4 Loy = O-O714r7 iy = 0-1009r 5
§ «=0707r |1 - 003847 Zyy=0084r3
| Minimum Vol
Z ¢x=0777r [Ty 2Tyy=0007:9 |7 " 7700
g ey =/ 098r = 0-0097r3
N =0-2046r? | oy=0-707r |Tyy =O0Rr* |7  =0.017r3
= 0 =036r \r , = 000374 |2 = 0-0079r]
S ep=03917 | 7 4
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GEOMETRICAL PROPERTIES OF PLANE SECTIONS

. Position Moments Section
Section Ared  lof Centroid | of  Inertia Modulr
E | =0 Iy =0-7854007 | Zypy=07854b
=~ A=wad
E e =25 Iyy = 0-78540b" | 2y > 0-785408°
Zyx - base
Ty = 0-1098807 | = 0-2587b62
' a wob ex=0-4240 Zyy -crown
3L A=—3= Iyy = 0-39270b7 | = 0-/907ba?
l'J"" ey = & =
N Tpese = 0392700 |Fry =OI9270lf
N Zyy -dose
a T < ~ Loy = 00549803 :‘5.,293 bl
Q ® ex =0-4240 I = 0.054908° Zyx ~cromn
3 xi— A=0-79540b I"’ o IoasnaS 00953807
o =0 by 0= O a” |Zyy - bose
[ oy O-424 5 )y O R = 01207082
‘..‘... Ib, ¢,= O-1963a0d ZYr - crown
= =0 095308
s Zyy -bose
=0-0J)8b0°
'3 &=07770 | Iyy = 00076607 Zyy - apex ¢
Y] A=0-2/460b =0-0097bo?
Zyy ~ base
¢=0-7776 | Iyy = 0-00760b7| = 0-0338ab%
S Zry - apex
3 =0-009708%
» Zyy - base
X I 20 ;:r‘g-zzaabo?
0 IS Gy = —— I” = 0'0914“: XX-C’O",
.y _4$0d 5 0./524bo2
3“?{’1 A==5 I,, = 0-266600° |~ ‘
lkt% ey ey ty =15 Tsose = O- JO48b0T Zyy =0-266604°
).
> Zyy - boge
3 I | € o = 29 Iyy = 00457507 }_- O /143b0%
-'..8 x 4= 208 TS Iyy = 0-03960b7 _:_"{,,‘;;;xg
B3 l 4 ] = . Zyy ~ boge
%&t 7 o7 e, = 3L Ty 0= 01524627 | '=5. 1055082
| - st V= F | p, = 01333007 |ry —ctom
Q ™ 4 =0-08330b
[ Zyy ~ bose
XX
§ 70 Ty = 0-Q176ba” 4 0-0587 ba?
= e — Lxxy — opex
n| A= 22 = 7 Iyy = 0-0125087 20-0252p02
J . 3 - bose
§ . = .:a Zg 0, 0-181ba ZY?.““;
I =0-20d J - opex
] e = 0.0/67082
S = 2
4 W (43
[ R iy “Fyy =0-005243 bose
Ly A= 22 e =e =98 a 0026207
:j 6 v § | Igy = 0/i90? opex
i-‘: =0-006607




PLASTIC MODULUS OF TWO FLANGES

Plastic moduli

o
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——
Dist Plastic Modulus $xxicm® For Thickaess timmb
4 — T _—

mm 15 20 25 30 38 a0 46 50 5% L] &5 70 75
1000 15.2 20.4 258 30.9 36.2 41.8 470 525 58.0 63.6 69.2 7A8 80.6
1100 16.7 224 28.1 339 397 45,6 51.8 575 635 69.6 5.7 81.8 81
1200 8.2 244 308 38.9 43.2 49.6 56.0 62.5 69.0 7586 822 88,8 95.8
1300 18.7 26.4 331 399 467 5386 60.5 67.5 74.5 81.6 88.7 95.9 103
1400 21.2 284 3586 42.9 50.2 57.6 €5.0 725 B80.0 8786 952 103 m
1500 22.7 304 381 45.9 53.7 §1.6 69.9 775 855 93.6 102 110 g
1800 242 2.3 40.6 48.9 57.2 65.6 74.0 826 90 99.6 108 17 126
1700 257 3.4 431 B1.9 60.7 656 785 87.5 96.5 108 e 124 133
1800 27.2 364 456 54.9 64.2 736 g23.0 92.5 102 1z 1z Lkl 4t
1500 28.7 38.4 48.1 57.9 67.7 716 875 975 108 118 128 138 148
2000 302 40 4 50.6 60.3 7.z 81.6 82.0 10z 113 124 134 145 156
2100 ny 424 53.1 3.9 747 856 §6.5 07 119 13 141 152 163
2200 33.2 44.4 556 £6.9 78.2 B83.6 1 1z 124 136 147 159 171
2300 347 46.4 58.1 69.9 81.7 93.8 108 nz 130 142 154 166 178
2400 36.2 48.4 60.6 72.9 85.2 976 11Q 122 135 148 160 173 126
2500 377 50.4 631 759 88.7 102 115 127 141 154 167 180 183
2600 392 62.4 B5.6 78.9 92.2 06 118 132 146 160 173 187 20
27100 40.7 54.4 EB.T 819 957 ¢ 110 124 137 152 166 180 194 208
2800 422 56.4 70.6 849 98.2 114 128 142 157 172 186 2m 216
2900 43.7 58.4 73 87.9 103 18 133 147 163 178 193 208 223
3000 452 0.4 75.6 90.9 108 122 137 152 168 184 189 215 3
3100 45.7 2.4 78.1 939 110 126 142 157 174 190 206 222 238
3200 ag.2 64.4 80.6 95.9 113 120 146 162 179 196 212 229 246
3300 49.7 66 .4 83.1 99.9 17 124 151 187 185 202 219 236 253
3400 512 68.4 85.8 103 120 128 165 172 190 208 225 243 261
3500 52.7 70.4 881 106 124 142 160 177 196 214 232 250 268
3600 642 2.4 80.6 109 127 146 164 182 201 220 238 257 276
300 56,7 744 a3 nz 3 150 169 187 207 226 245 264 283
3800 57.2 76 .4 958 15 134 154 173 192 212 232 251 27 291
3900 587 78.4 8.1 118 138 158 178 197 218 238 258 278 298
4000 60.2 80.4 om 21 L3 162 182 202 223 244 264 285 308
4100 617 2.4 103 124 145 166 187 207 229 250 271 292 313
4200 63.2 84.4 106 127 148 170 191 212 234 256 277 299 321
4300 64.7 86.4 108 130 152 74 196 27 240 262 284 306 328
4400 66.2 8.4 m 133 158 178 200 222 245 268 290 313 336
4500 67.7 90.4 113 136 1538 82 206 227 251 274 297 320 343
4600 69.2 2.4 116 139 162 186 209 232 256 280 303 327 351
4700 0.7 94.4 18 142 166 190 214 237 262 286 310 334 358
4800 722 96 .4 121 145 169 194 218 242 267 292 318 3 368
4900 737 8.4 123 148 173 198 223 247 213 298 223 348 s
5000 752 100.0 126 151 176 202 227 252 278 304 329 355 381
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PLASTIC MODULUS OF RECTANGLES
dix -
I,
—

Depth Plastic Modulus Sxx{cm®] For Thickness timm)

d

mm 5 § 7 8 9 19 12.5 15 20 25
% 0.78 0.93 1.09 1.25 1.41 1.56 1.95 2.34 3.13 341

50 3.13 3.75 4.37 5.00 6.62 6.26 7.81 9.37 12.6 156
75 7.03 8.44 9.84 1.3 12.7 14.1 176 211 281 35.2
100 12.5 15.0 17.5 20.0 225 25.0 31.2 375 50.0 62.5
125 19.5 23.4 27.3 31.2 35.2 39.1 2.8 58.6 78.1 97.7
150 28.1 3.8 39.4 45.0 50.6 56.2 70.3 84.4 12 141
175 38.3 459 53.6 61.2 68.9 76.6 95.7 15 153 191
200 60.0 50.0 70.0 80.0 90.0 100.0 125 150 200 250
225 63.3 75.9 886 101 114 127 158 190 253 316
250 781 93.7 109 126 141 156 195 234 312 391
275 94.5 13 132 151 170 189 236 284 378 a73
300 12 135 158 180 203 225 281 338 450 563
325 132 158 185 n 238 264 330 396 528 650
350 153 184 214 245 276 306 383 459 613 766
375 176 21 248 281 316 362 439 527 703 879
400 200 240 280 320 360 %0 500 600 800 1000
425 226 n 316 361 406 452 564 677 903 130
450 253 304 354 05 456 506 633 759 1010 1270
475 282 338 398 451 508 564 705 846 1130 1410
500 31z 375 a37 500 562 625 781 937 1250 1560
526 345 13 482 51 620 689 861 1030 1380 1720
650 378 a4 529 605 681 756 945 1130 1510 1890
575 13 496 579 661 744 827 1630 1240 1650 2070
500 450 540 630 720 810 200 1130 1350 1800 2250
625 488 586 684 78 879 977 1220 1460 1950 2040
850 528 634 739 845 951 1060 1320 1580 2110 2640
676 870 683 797 9 1030 1140 1420 1710 2280 2850
700 613 735 858 980 1100 1230 1530 1840 2450 3060
725 657 788 920 1050 1180 1310 1640 1970 2630 3290
750 703 844 984 1120 1270 1410 1760 2110 2810 3520
778 751 Q01 1050 1200 1350 1500 1880 2750 3000 3750
800 800 950 1120 1280 1440 1600 2000 2400 3200 4000
825 851 1020 1180 1360 1630 1700 2130 2550 3400 4250
850 903 1080 1260 1440 1630 1810 2260 2710 3610 4520
875 957 1150 1340 1530 1720 1910 2390 2870 3830 4790
900 1010 1210 1420 1620 1820 2020 2530 3040 4050 5080
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PLASTIC MODULUS OF RECTANGLES

I W

Depth Flastic Modulus Sxx{cm® For Thickness timen)
3 ;

i 5 6 7 8 ] 10 12.5 15 20 25
1600 1250 1500 1750 2000 2250 2500 3120 3750 5000 6260
1100 1510 1810 2120 2420 2720 3020 3780 4840 6050 7560
1200 1800 2160 2520 2880 3240 3600 4500 5400 7200 9000
1300 2110 2530 2960 3380 3800 4220 5280 6340 8450 10600
1400 2459 2940 3430 3920 4410 4300 6130 7350 9800 12300
1500 2810 3370 3940 4500 5060 5620 7030 B440 11200 14100
1600 3200 3840 4480 5120 5760 6400 8OO0 9600 12800 16000
1700 3610 4330 5060 5780 6500 7220 9030 10800 14400 18100
1800 050 4860 5670 6480 7290 8100 10100 12100 16200 20200
1900 4510 5410 6320 7220 8120 9020 11300 13500 18000 22600
2000 5000 6060 7000 8000 3000 10000 12500 15000 20000 25000
2100 8510 6620 7720 8820 9520 11006 13800 16500 22100 27600
2200 6050 7260 8470 9680 10900 12100 16100 18100 24200 30200
2300 6610 7830 9260 10600 11900 13200 16500 19800 78500 32100
2400 7200 8640 10100 11500 13000 14400 18000 21600 28800 36000
2500 7810 9370 10800 12500 14100 15600 19500 23400 31200 39100
2600 8450 10100 11800 13500 15200 18900 21100 25400 33800 42200
2700 9110 10900 12800 4600 16400 18200 22800 27300 36400 45600
2800 9800 11800 13700 15700 17600 19600 24500 239400 39200 43000
2900 10500 12600 14700 16800 18900 21000 26300 31500 42000 52600
3000 11200 13500 15700 18000 20200 22500 28100 33700 45000 56200
3100 12000 14400 16800 19200 21800 24000 30000 35000 48000 60100
3200 12800 15400 17900 20500 23000 25600 32000 38400 51200 84000
3300 13600 16300 19100 21800 24500 27200 34000 0860 54400 68100
3400 14400 17300 20200 23100 26000 28900 36100 43300 57800 72200
3500 15300 18400 21400 24500 27600 30600 38300 45500 61200 76600
3600 16200 19400 22700 25800 29200 32400 40500 43600 64800 81000
3700 17100 20500 24000 27400 30800 34200 428060 51300 68400 85600
3800 18000 21700 25300 28900 32500 36100 45100 54100 72200 50200
3900 19000 22800 26600 30400 34200 38000 47500 57000 6000 95100
4000 26000 24000 28000 32000 36000 40000 50000 60000 BOOCO 100000
4100 21000 25200 29400 33600 37800 42000 52500 63000 84000 108000
4200 22100 26500 30900 35300 39700 44100 55100 66200 88200 110000
4300 23100 27700 32400 37000 41600 45200 57600 69300 92400 116000
2400 24200 29000 33950 38700 43600 48400 60600 72600 96800 121000
4500 25300 30400 35400 40800 45600 50600 63300 75800 101000 127000
4500 26500 31700 37000 42300 47600 52600 66100 79300 106000 132000
4700 27600 33100 38700 44200 489700 55200 63000 82800 110000 138000
4800 28800 34600 40300 46100 51800 57600 72000 86400 115000 144000
4900 30000 36000 42000 48000 54000 80000 75000 90000 120000 150000
5000 31200 37500 43700 50000 56200 62500 78100 93700 125000 156000
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Frame I
(] L/ C
L7, I A Coeflicients:
< L b
i L TL
2 —k+2 =6k +1
FRAME DATA
w per unft length —— — —— —
IRSERRENINNERERRERED I\ A
B [ -8 + Cl-
L= \wt?
_ i 8
ny
H AN ? 00
M4 Nmp
% 7
B wL? _ wL?
MA_MD 12N| MB—Mc——B—N—l——zMA
L2 wl M
Mo My VamVos S ey

w per unit fength

CAyVA. I ¢

T

ERR

Hy

R

= SN =y
Lt
_Al\ *

M4 M
Y t
wi? wl2[ 2 |
M= [3N1 SNz] M=~ —S—[E +Wz]
iz Mem P2 1]
[3N, 8N2] ¢~ 7 g 3N, T8N,
wi wL wl2
VD:?[I"WZ] Va== Vo HFHD‘S;;N,

Extracr: *

Kleinlogel, Rahmenformein® 11. Auflage Berlin—Verlag von Wilhelm Ernst &
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£ | € GV SR
[t _w per unit Vs <
™ height 'T' —a £
a L /
Ha + gk £ _n, o_Ho
G 2N A} \;”MA \"”Mp
7 b
M whz[_lﬂ-}_4k+l] whz[ 2k
ATZ]T6N, N, en, *
_whz[_if_t}+4k+l] M w_iﬂ[__k__&k
P7"47| 6N, N, €4 | 6N, N,
_ wh(2k +3) oy _whik
HD"_ST = —(wh—Hp) Viy=-Vp= In,
FPe -
8 ¢ | B e

/_

i~
I}"' Ho_ AN+ *lo_Hp

My ‘;}/ \PMD
A

1A
©
—f b+
Ao
X
+
*
[

74N
%
)

a b
Constants: a; = b =%

Pe _ap2 _Pcka,(3al - 2)
—2—Iv1[l+2b]k 3bl(k+1)] Xz———r
_3Pckay
R A

Pc
MA=+X1—(-§—X3) Mp= +X,+ X,
M,,=+XI+(%"—X3) Mo=+X;,- X,
Pc X -X 2X.
H,=Hp= 21: Ih z me-f Vy=P-Vp

=M,-Ha M,=Mg+Hpb

Exrmct: “Kleinlogel, Rahmenformein® 11, Auflage Berlin—Verlag von Wilhelm Ernst &
Sokhn.
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f-Pc—~ -Pe
| 8! 1 C
B P LJ P C L % I
S| M :> * {é— M
€ 17 e % Mz M; %
L
44 m@ Ha_ A0+ +/0,_Hp
M S
Y Y
b
Constants: a, =§ b “7
L=£§n+%¢«%ﬁhnn x, - FekaiB3a - 2)
1

2N,
Pc 2
M,=M, =F[l +2bik - 3b3(k + D] =2X,
1

MB=MCchka|(A3[al ‘"2)=2X2
1
Va=Vp=P HA=HD=P___._.._C+]‘1-‘_MB

M =M,-H,a My=Mg+Hpb

Ba/ —Cj
Lun  Low

i

~ PMA \PMD

% %

Constants: a, =2 X, = Paa\k

h "N,
M,=-Pa+X My=X,
My=+Pa-X, Mq=-X,

2X,

Vi=-Vo=-7F

Sofxrracr: ‘Kleinlogel, Rahmenformein’ 1. Auflage Berlin—Verlag von Wilhelm Ernst &
n.
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v N1

C =18 + cl-
8 ] b—L/o— PL
ﬁ. L _'L
- P Hu_ale R *[o t
2N S
tr. %
MA=MDﬁ+‘£L’- MB—Mc-- _ZMA
8N,
P M
VJ‘=VD=§ HA=HD="T"4

s}

B
f—t—  —
"
£
N
=

Y
Ph 3k+1 _ P 3k
Mi=-%5-7J, Me=t3-5,
Ph 3k+1 __Ph 3k
My=+5-—§ Mc=-3-%
P M
Homtom G Vam-bpe e
e N T
C -18 <l
Pogb
L
L
D Ha_ Al +(|0 *b
AN
s M~ M
Va b
Constants: g, =a/L by =b/L
_ I_’ib L_bl_al __Pab I b[""al
R b el IR o P A
_ Pab 1 bl —a]] _ Pab 1 b]"'al
o=+ Play i Mo -l
_ al(bl-al)] _p_ _ . 3Pab
VA—Pb;[1+————-Nz Vo=P-V,  Hi=Hp~ype

s I’fnxrmcr: *Kleinlogel, Rahmenformein’ V1. Auflage Berlin—Verlag von Wilhelm Ernst &
ohn,
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Frame [I
8 |/ C
I . )
I < I Coefficients:
| A
A -L 0 I, L
N N=2k+3
FRAME DATA
w per unit length R—— e —/]
- |8 & Cl-
Lyy— \wll
/2 ”
",A._... A D ”a
Ve %
2 2
My=M_= ':; Mm.,=-'38": + My
wl M
VA=VD=T HA—HD-"""‘TB
w per unit length

p)

2 th—

.
.
i

N

wi?

Ma=Mc= 3
3wl wlL M
VA=T VD-T HA=HD=—‘—h—B

Extract: ‘Kleinlogel, Rahmenformelin' 11. Auflage Berlin—Verlag von Wilhelm Ernst &
ohn.
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w per unit -c
hefgh!

%___4

wh k Mc
MB 2 ﬁ-l-l] HD"' —-'h—
hif  k
Mc=w—4-[-m-1] H, = ~(wh~Hp)
wh?
Va==Vo=-71
f~Pe =
Q I M,
—Ch— 1- < - M
4 T JF_ t H, ol M
o U_ VA b
P o 3 }
A )
Constant: g, =E
2 _
M=K [(3a1N Dk, ]
Hy=H,= -He
Pe[(3a} -1k 47D k
W CEEITN
Pec
VD_'I VAEP"‘ VD

M =--H,a M,=Pc-H,

Extract: * Kleinlogel, Rahmenformeln® 11, Auflage Beriin—Verlag von Wilhelm Ernst &
Sohn.
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FPe -fes
8 . c | B8 | ¢ |
~—{cl— QTL_'IC"" . Mz M2-—
A _L -L "’A_.. A D ......HD
Z %
Constant: g, =2
h
2_.
MB:M(::PC_(-’W]:{_JEC
H4=HD=PC;1MB V,=V,=P
M =-H,a M;=Pc~H,a
Pa
B[+ — Cl-
~——Fo
A Ha oY Ho
Ya 7

Moment at loads = + Pa

Extract: * Kleinlogel, Rahmenformein® 11. Auflage Berlin—Verlag von Wilhelm Ernst &

Sohn.
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- |8 + -
PL
]
M4 N4 oV o
Va 7
3PL ' P M
MB—M =—§F /A=VD=§ HA=HD=——h'B
P
18 I c 8+
<
L——-——.
H,
7 S S A
Vi
MB="MC=+1-;‘,'
Ph P
VAﬁ"VD——Z HA=-HDE—§
AT = A
—ogF— b NG o
(] I C Pab
I
<
i L g 14 Dfib
A D
Pab 3
Mp=Mc= -7 35
Pb P M
VA:‘E VD:‘LE HA=HD=—_¥

Extract: ‘Kleinlogel, Rahmenformeln® 11. Aufluge Berlin—Verlag von Wilhelm Ernst &
Sohn,
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Frame HI
Coefficients:
_L A v
k_]] TS ¢Hh
m=1+¢

B=3k+2 C=1+2m

FRAME DATA

Ki=2k+l+m+m?)  K,=20k +42)
R=¢C"'k N1=K1K2-“R2 N2=3k+8

w per unit length
|ENSAEENEEENNSANRSEEEEEAN ]

wlL2 k(8 + 15¢) + H(6 - )

MA”_*Mﬁ':ﬁ-’ Nl
wlL? k(16 + 15¢) + ¢2
My by M KIS+ 159) 24

2
Mc=-'%—-—¢M,,+mM_,,

wi M,-M
VA:VE:E- HA=HE= Ah &

s Ex!mcr; ‘Kieinfogel, Rakmenformeln’ 11. Auflage Berlin—Verlag von Wilthelm Ernst &
ohn,
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w per unit length

*wl? k(8 +154) + (6 - ¢)

Constants: *X| =

7N N,
oy, VL2 K16+159)+¢2 L wL?
2=73 - N, =N,
MA +Xl X3 M3=—X2 3 ME +X1+X3 MD’=—X2+X3
‘MC= ¢Xl sz
wl 2X wL X+ X
VE“? - L3 VA__2-_VE HA HE—"'LE‘""}

* Note that X, - X, and M are respectively haif the values of M4 (—Mg). Mg (=Mp)
and M from the previous set of formulz where the whole span was loaded

W per unit

Constants: X = wf : k(% +4) +¢(6 +¢)

N
wf2 K(8+9¢) - ¢2 wfh 4B+¢
x, =W Ao met
2= Nl 3= N2
M= -X,- X, MB=+X2+(—2-fh-X3)
M= -X,+X;s Mp=+X,- (’%f‘—}(,)

2
M.= —Ei—--+q5X1+mX2

2+4) 2X X+ X
V= Vo= - WﬂI‘(?L ‘?5) La Hy- ‘;f Ih 2 H,= —(wf-Hp)

1139
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L

wh2 k(K +6) + k(15 + 164) + 642

Constants: X, = N
X _ whik(9¢ +8<;$2 k) X, whi(2k +1)
- 8N, TT2N,
wh2
M4=-X1-X3 MB=+X2+(T_XJ)
wh?
M£=—X1+X3 MD_ +X2— T"X}
Mc-= —‘%fwx, +mX,
wh 2X. h X1+ X,
Va=-Ve=-57 + 72 Hp=7-"222  Hy~ -(wh-Hp)

Constants: a; =;~: b =%

=Pc(2¢2 - (1 - 3b3)K] Y, =Pcl¢ C - (3a% - k]

_YIKI_Y2R _Ysz“‘YlR __}_,(‘._' B—3(ﬂl—b|)k
YN=—55— K=y Y=g W,
M=~ X, - X, M5=+X2+(%C—X,)
ME=—X1+X3 MD=+X2 (%'—X3) MC= —¢-2—P‘:+¢X3+m/\’2
=MA—HAa M2=MB+HEb
Pe-2X Pc X|+X
Ve=—7 S Vu=P-Vg H=Hg=3- ‘h 2

Extract: ‘Kleinlogel, Rahmenformein’ 11. Auflage Berlin—Verlag von Wilhelm Ernst &
Sohn.
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Constants: @, = 2 b=+

k
¥, = Pe[24? - (1 - 3b3)k]
Y, =Pc$C +(3a% — 1)k]

YzR - YlKl Ysz - YIR
Nl Nl

MC= _¢(PC+MA)+mMB

h

MI=MA_HA‘: M2=MB+HEb

h

MA=M£= MB=MD=

VA=VD=P HA=HE=

Constant: X ='Ea(B;—3blk)
2
Vyw =Vg= "‘2{1")“'_1:‘{1] Hy=-Hg=-P

s iﬁnxtracr: *Kleinlogel, Rahmenformein® 11. Auflage Berlin—Verlag von Wilhelm Ernst &
ohn,
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IPL(k + 2k +¢)
-

Mo=5F M tmMy  V,=Vg=P2  Hy=Hg=

-

%i

-<£

L

|4 ;& A_Hy E_He
M M

=ME=

/] e
v 3Pflk + 24k +¢) _ 3Pfmk _PhB
Constants: Xl—-—~-~~-~~-—-———2}~‘,1 X,= —~ Xy= 3N,
MA=—X1—X3 MB=+X2+(}L2,,—X3) f
} Ph Mc— - +¢X1+mX2
Mg=—-X, 44 MD=+X2-(3~X3)

PhB 3Phk

MA=-M ="'2—‘N.2‘ M MD—-+2N2 MC=0
Ph+f)+2M P
VA=_,V£=__(f)_L_4_ HA=_.HE=-§

Extract: ‘Kleinlogel, Rahmenformeln® 11. Auflage Berlin—Veriag von Wilhelm Ernst &
Sokn,
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FRAME DATA

B=2(k+1}+m C=1+2m N=B+mC

w per unit length \,s]z)\
| S5 NERESESEENEEERAEAEEES | L C

8

& L

wlL2(3+5m wl?
My=Mp= - (16N ) M- g TMMs
M wL
HA—H —‘—"'h—ﬂ VA=VE=T

Extract: * Kleinlogel, Rahmenformeln® 11. Auflage Berlin—Verlag von Wilhelm Ernst &
.
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w per unit length

B8

Mp=Mp BN Me=1¢ 16
M 3wl wlL
HA=H ——‘—"';8 VA_ 8 V£=‘—8—
w per unit
Aeight sf2 "\
EW—I ¢
2
B D ‘—T 8 'g,’
1
A L £ H, He
£ s “— e
Y Ve
. v WfHC +m)
Constant: X = SN

2
My— +X+“’f" Mc=-‘%+mx

Mp=+Xx - 2! ﬂ’ VA-———VE=—‘th——(il-g~@
HA=-Z-if HE_—T!+ W

s fxrracr: *Kleinlogel, Rahmenformeln' 11. Auflage Berlin—Verlag von Wilhelm Ernst &
ohn,
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wh? 2(B+C)+k wh?
Mp= g B Myt My
2
h2 M
V,,=—V£=-3"2_I: Hg=-~=2  H,= ~(wh-Hp)

Constants: 4, =§ X 2 N

_Pc B+C-k(3ai-1

Mp=Pc-X Mp=-X MC=}-—’2-c—mX

M1="‘01X M2=PC—01X

Ve=2C V,eP-Ve Hy=Hg-

| pe

s Extracl: *Kleinlogel, Rahmenformeln® 11. Auflage Berlin—Veriag von Wilhelm Ernst &
ok,
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Constant: =E
2“
MB=MD=P¢:.?—C——+£§?—GI——I) Mc= —$Pc+mMy
HA=H£=PC;'M" V,=Vg=P

M= —ay(Pc—Mp) M,=(1-a)Pc+aMy

Hy,= -Hg=-P V,=-Vg=-2=F

Moment at loads = + Pa

s ofxrract: *Kleinlogel, Rahmenformein® 11, Auflage Berlin—Verlag von Wilhelm Ernst &
n.
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Mp= _&(%tg) My=Ph+Mp MC=P7h +mM,
Ph M
VA=-VE=—E HE=-*-'}-';1-’ Hy=-(P-Hp)

MB=-MD=+{’25' Me=0 V= LM HA=—HE=—§

s fxrmct: *Kleinlogel, Rahkmenformein® 11. Aufloge Berlin—Verlag von Wilkelm Ernst &
ohn.
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Explanatory notes on section dimensions and properties,
bolts and welds

1 General

The symbols used in this section are generally the same as those in BS 5950-1:2000."

1.1 Material, section dimensions and tolerances

The structural sections referred to in this design guide are of weldable structural
steels conforming to the relevant British Standards given in the table below:

Table — Structural steel products

Technical delivery requirements
Product Dimensions Tolerances

Non-alloy steels Fine grain steels

Universal beams, BS 4-11 BS EN 10034
universal columns,
and universal bearing piles

Joists BS 4-14 BS 4-14

BS EN 100241
Parallel flange channels BS 4-114 BS EN 102797
Angles BS EN 10025%! BS EN 10113-1% BS EN 10056-1@ BS EN 10056-2
Structural tees cut from Bs 4-14

universal beams and -
universal columns

Castellated universal beams
Castellated universal - -

columns
ASB (asymmetric beams) Generally BS EN 10025, See note a) Generally
Slimdek® beam but see note b) BS EN 10034"),
but also see note b)
Hot finished BS EN 10210-19 BS EN 10210-2% BS EN 10210-2%

hollow sections

Cold formed BS EN 10219-11' BS EN 10219-21"% BS EN 10219-21"%
hollow sections

Notes:

For full details of the British Standards, see the reference list at the end of the Explanatory Notes.
a) See Corus publication.™

b) For further details consult Corus.
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1.2 Dimensional units

The dimensions of sections are given in millimetres (mm).

1.3 Property units

Generally, the centimetre (cm) is used for the calculated properties but for surface
areas and for the warping constant (H), the metre (m) and the decimetre (dm)
respectively are used.

Note: 1dm =0.Im 100mm
1dm® =1x10°m® = 1x10”mm®

1.4 Mass and force units

The units used are the kilogram (kg), the newton (N) and the metre per second?
(m/s?) so that 1N = 1kg x 1m/s*. For convenience, a standard value of the acceler-
ation due to gravity has been generally accepted as 9.80665m/s”. Thus, the force
exerted by 1kg under the action of gravity is 9.80665N and the force exerted by
1 tonne (1000kg) is 9.80665 kilonewtons (kN).

2 Dimensions of sections
2.1 Masses

The masses per metre have been calculated assuming that the density of steel is
7850kg/m’.

In all cases, including compound sections, the tabulated masses are for the steel
section alone and no allowance has been made for connecting material or fittings.

2.2 Ratios for local buckling

The ratios of the flange outstand to thickness (b/T) and the web depth to thickness
(d/t) are given for I, H and channel sections. The ratios of the outside diameter to
thickness (D/t) are given for circular hollow sections. The ratios d/t and b/t are also
given for square and rectangular hollow sections. All the ratios for local buckling
have been calculated using the dimensional notation given in Figure 5 of
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BS 5950-1: 2000 and are for use when element and section class are being checked
to the limits given in Tables 11 and 12 of BS 5950-1: 2000.

2.3 Dimensions for detailing
The dimensions C, N and n have the meanings given in the figures at the heads of
the tables and have been calculated according to the formulae below. The formulae

for N and C make allowance for rolling tolerances, whereas the formulae for n make
no such allowance.

2.3.1 Universal beams, universal columns and bearing piles

(B-1)

N = — t 10 mm (rounded to the nearest 2 mm above)
n= @ (rounded to the nearest 2 mm above)
C= %+ 2mm (rounded to the nearest mm)

2.3.2 Joists
N = @ +6mm (rounded to the nearest 2 mm above)
n= @ (rounded to the nearest 2 mm above)
C= é +2mm (rounded to the nearest mm)

Note: Flanges of BS 4-1 joists have an 8° taper.

2.3.3 Parallel flange channels

N=(B-t)+6mm (rounded up to the nearest 2mm above)

(D-4d)
n=-4)

> (taken to the next higher multiple of 2mm)

C=¢+2mm (rounded up to the nearest mm)
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2.3.4 Castellated sections

The depth of the castellated section. D, is given by:
D.=D+D,/2

where D is the actual depth of the original section
D, is the serial depth of the original section, except that D, = 381 mm for
356 x 406 UCs.

3 Section properties
3.1 General

All section properties have been accurately calculated and rounded to three signifi-
cant figures. They have been calculated from the metric dimensions given in the
appropriate standards (see section 1.2). For angles, BS EN 10056-1 assumes that the
toe radius equals half the root radius.

3.2 Sections other than hollow sections
3.2.1 Second moment of area (I)

The second moment of area of the section, often referred to as moment of inertia,
has been calculated taking into account all tapers, radii and fillets of the sections.

3.2.2 Radius of gyration (r)

The radius of gyration is a parameter used in buckling calculation and is derived as
follows:

I 1/2
gkl
A

where A is the cross-sectional area.

For castellated sections, the radius of gyration given is calculated at the net section
as required in design to BS 5950-1: 2000.

3.2.3 Elastic modulus (Z)

The elastic modulus is used to calculate the elastic moment capacity based on the
design strength of the section or the stress at the extreme fibre of the section from
a known moment. It is derived as follows:
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1
Z=—
y
where y is the distance to the extreme fibre of the section from the elastic neutral
axis.

For castellated sections, the elastic moduli given are those at the net section. The
elastic moduli of the tee are calculated at the outer face of the flange and toe of the
tee formed at the net section.

For parallel flange channels, the elastic modulus about the minor (y-y) axis is
given at the toe of the section, i.e.

y=B-g¢

where B is the width of the section
¢, 1is the distance from the back of the web to the centroidal axis.
For angles, the elastic moduli about both axes are given at the toes of the section,
ie.
yx = A — Cy
y=B-c
Where A is the leg length perpendicular to the x—x axis
B s the leg length perpendicular to the y—y axis
C, is the distance from the back of the angle to the centre of gravity,
referred to as the x—x axis
C, is the distance from the back of the angle to the centre of gravity,
referred to as the y—y axis.

3.2.4 Buckling parameter (u) and torsional index (x)

The buckling parameter and torsional index used in buckling calculations are
derived as follows:

(1) For bi-symmetric flanged sections and flanged sections symmetrical about the
minor axis only:

u=[(sz)/(a2m)]”
x=0.566h[A/J]"
(2) For flanged sections symmetric about the major axis only:

w=[(1,8)/(A*H)]"

x=1.132[(A H)/(1, J)]

1/2
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where S, is the plastic modulus about the major axis

-4

Y

I, is the second moment of area about the major axis

I, 1is the second moment of area about the minor axis

A is the cross-sectional area

h  is the distance between shear centres of flanges (for T sections, 4 is the
distance between the shear centre of the flange and the toe of the web)

H is the warping constant

J  is the torsion constant.

3.2.5 Warping constant (H) and torsion constant (J)

(M

@)

®)

I and H sections

The warping constant and torsion constant for I and H sections are calculated
using the formulae given in the SCI publication P057 Design of members subject
to combined bending and torsion."

Tee-sections
For tee-sections cut from UB and UC sections, the warping constant (H) and
torsion constant (J) have been derived as given below.

3
H=LT3B3 +i(d—zj r
144 36 2
1 1
J =§BT3 +§(d—T)t3 +a,D} -021T*-0.105¢

2

where o = —0.042 402204 +0.1355 —0.0865--- — 0.0725—
T T T? T2

T+ +(r+0251)
B 2r+T

D,

Note: These formulae do not apply to tee-sections cut from joists which have
tapered flanges. For such sections, details are given in SCI publication 057.1"%

Parallel flange channels

For parallel flange channels, the warping constant (H) and torsion constant (/)
are calculated as follows:

2 2742
=1 Iy—A(cy—Lj (h A—1j
4 2) \ar,

J= %BT3 +%(D—2T)t3 +20D¢ —0.42T*
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where ¢, = is the distance from the back of the web to the centroidal axis

2
s =—0.0908+0.2621—+0.1231 =~ 0.0752 L —0.0945(%
T T T° T
D; =2[Br+t+T)-2Q2r+1)2r+T)]

Note: The formula for the torsion constant (J) is applicable to parallel flange
channels only and does not apply to tapered flange channels.

(4) Angles
For angles, the torsion constant (/) is calculated as follows:

1 1
J= gbﬁ +§(d -0 +a; D —0.21¢*

where  a; =0.0768+ 0.0479;

Dy =2[(3r+20)—2(2r +1)’ |

(5) ASB sections
For ASB (asymmetric beams) Slimdek® beam, the warping constant (H) and
torsion constant (/) are as given in Corus brochure, Structural sections.""!

3.2.6 Plastic modulus (S)

The full plastic moduli about both principal axes are tabulated for all sections except
angle sections. For angle sections, BS 5950-1: 2000 requires design using the elastic
modulus.

The reduced plastic moduli under axial load are tabulated for both principal axes
for all sections except asymmetric beams and angle sections. For angle sections,
BS 5950-1: 2000 requires design using the elastic modulus.

When a section is loaded to full plasticity by a combination of bending and axial
compression about the major axis, the plastic neutral axis shifts and may be located
either in the web or in the tension flange (or in the taper part of the flange for a
joist) depending on the relative values of bending and axial compression. Formulae
giving the reduced plastic modulus under combined loading have to be used, which
use a parameter n as follows:

" (This is shown in the member capacity tables as F/P,)
Py
where F s the factored axial load

A is the cross-sectional area

py s the design strength of the steel.
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For each section, there is a ‘change’ value of n. Formulae for reduced plastic modulus
and the ‘change’ value are given below.

(1) Universal beams, universal columns and bearing piles

If the value of n calculated is less than the change value, the plastic neutral axis
is in the web and the formula for lower values of n must be used. If n is greater
than the change value, the plastic neutral axis lies in the tension flange and the
formula for higher values of n must be used. The same principles apply when
the sections are loaded axially and bent about the minor axis, lower and higher
values of n indicating that the plastic neutral axis lies inside or outside the web
respectively.

Major axis bending:

Reduced plastic modulus: Change value:
S, =K, - K,n? for n<w
D-2T
S = K;(1-n)K, +n) for n> %
AZ
where Ki =S K, = At
2
K A K, 2DB_|
4B A

Minor axis bending:

Reduced plastic modulus:

Sry = K] _K2n2

S, =Ks(1-n)(K,+n)

where K; =8,
2
koA
8T

(2) Joists

Major axis bending:

Change value:

tD

for n<—

A

tD

fi >—

or n 1
2
kA
4D

K, 24T |
A

If the value of n calculated is less than the lower change value (n,), the plastic
neutral axis is in the web and the formula for lower values of n must be used.
If n is greater than the higher change value (n,), the plastic neutral axis lies in
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®3)

the part of the tension flange that is not tapered and the formula for higher
values of n must be used. If the value of n calculated lies between the lower
change value (n,) and the higher change value (n,), the plastic neutral axis lies
in the tapered part of the flange and then a linear interpolation between the
two formulae is used to calculate the reduced plastic modulus.

Reduced plastic modulus Change value
D 2 B-
er =S”1 =K1 —K2n2 fornSm ={Z—Z(T+ 4 ttan(@))}t
2B B-
er :erz :K3(1—n)(K4 +n) forn2n2 :1—7(T— ttan(@))

S, :S,x1+(S,x2—SrX])( nom j for n, <n<n,
ny, —ny
AZ
h K =S, K, =2
where 1 2=
A? 2DB
s=i K, =221
4B A

0 = 8° (flange taper)
Minor axis bending:
The same principles apply when the sections are loaded axially and bent about

the minor axis, lower and higher values of n indicating that the plastic neutral
axis lies inside or outside the web respectively.

Reduced plastic modulus Change value
tD
S, =K, - K,n* forn<—
Sy =K;(1-n)(K, +n) fornZ%
AZ
where K, =S, K, = D
A? 4BT
K;=0.87— Kiy=———-1
2 =087 8T A

Parallel flange channels
Major axis bending:

If the value of n calculated is less than the change value, the plastic neutral axis
is in the web and the formula for lower values of n must be used. If n is greater
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than the change value, the plastic neutral axis lies in the flange and the formula
for higher values of n must be used.

Reduced plastic modulus Change value
S, =K, - K,n? for n<(D_Af2T)t
D-2T
S = Ks(1-n)(K, +n) for nzu
2
where K, =S, K, =A—
4t
2
K= K, =2PB 4
4B A

Minor axis bending:

In calculating the reduced plastic modulus of a channel for axial force combined
with bending about the minor axis, the axial force is considered as acting at the
centroidal axis of the cross-section whereas it is considered to be resisted at
the plastic neutral axis. The value of the reduced plastic modulus takes account
of the resulting moment due to eccentricity relative to the net centroidal
axis.

The reduced plastic modulus of a parallel flange channel bending about the
minor axis depends on whether the stresses induced by the axial force and
applied moment are the same or of opposite kind towards the back of the
channel. Where the stresses are of the same kind, an initial increase in axial
force may cause a small initial rise of the ‘reduced’ plastic modulus, due to the
eccentricity of the axial force.

For each section there is again a change value of n. For minor axis bending
the position of the plastic neutral axis when there is no axial load may be either
in the web or in the flanges. When the value of # is less than the change value,
the formula for lower values of n must be used. If n is greater than the change
value, the formula for higher values of n must be used.

The formulae concerned are complex and are therefore not quoted here.

3.2.7 Equivalent slenderness coefficient (¢,) and monosymmetry index (y,)

The equivalent slenderness coefficient (¢,) is tabulated for both equal and unequal
angles. Two values of the equivalent slenderness coefficient are given for each
unequal angle. The larger value is based on the major axis elastic modulus (Z,) to

the toe of the short leg and the lower value is based on the major axis elastic
modulus to the toe of the long leg.

The equivalent slenderness coefficient (¢,) is calculated as follows:
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Z&ya 0.5
o= L

Definitions of all the individual terms are given in BS 5950-11", clause B.2.9.
The monosymmetry index (y,) is only applicable for unequal angles and is
calculated as follows:
[viu? +v?)dATq
Ves| -

Definitions of all the individual terms are given in BS 5950-11!, Clause B.2.9.

3.3 Hollow sections

Section properties are given for both hot-finished and cold-formed hollow sections.
The ranges of hot-finished and cold-formed sections covered are different. The
section ranges listed are in line with sections that are readily available from the
major section manufacturers. For the same overall dimensions and wall thickness,
the section properties for hot-finished and cold-formed sections are different
because the corner radii are different.

3.3.1 Common properties

For comment on second moment of area, radius of gyration and elastic modulus,
see sections 3.2.1, 3.2.2 and 3.2.3.

For hot-finished square and rectangular hollow sections, the sectional proper-
ties have been calculated, using corner radii of 1.5¢ externally and 1.0¢ internally, as
specified by BS EN 10210-2."!

For cold-formed square and rectangular hollow sections, the sectional properties
have been calculated, using the external corner radii of 2¢ if < 6mm, 2.5¢ if 6mm
<t<10mm and 3t if > 10 mm as specified by BS EN 10219-2."' The internal corner
radii used are 1.0¢if t < 6mm, 1.5¢ if 6mm < ¢ < 10mm and 2¢ if r > 10mm, as spec-
ified by BS EN 10219-2.1

3.3.2 Torsion constant (J)

For circular hollow sections:
J=21
For square and rectangular hollow sections:

4A4 h
=—a4 —

J
h 3
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where [  is the second moment of area
t  is the thickness of section
h  is the mean perimeter =2 [(B—1t)+ (D —t)] -2 R. (4 — n)
Ay, is the area enclosed by mean perimeter = (B —t) (D —t) — R? (4 — )
B is the breadth of section
D is the depth of section

R. is the average of internal and external corner radii.

3.3.3 Torsion modulus constant (C)

For circular hollow sections
C=27

For square and rectangular hollow sections

o)

where Z is the elastic modulus and J, ¢, A, and & are as defined in section
3.3.2.

3.3.4 Plastic modulus of hollow sections (S)

The full plastic modulus (§) is given in the tables. When a member is subject to a
combination of bending and axial load the plastic neutral axis shifts. Formulae giving
the reduced plastic modulus under combined loading have to be used, which use
the parameter n as defined below.

n (This is shown in the member capacity tables as F/P,)

~an
where F is the factored axial load

A is the cross-sectional area

p, 1s the design strength of the steel.
For square and rectangular hollow sections there is a ‘change’ value of n. Formulae

for reduced plastic modulus and ‘change’ value are given below.

(1) Circular hollow sections

nm
S, =S cos| —
COS( ) )
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(2) Square and rectangular hollow sections

If the value of n calculated is less than the change value, the plastic neutral axis
is in the webs and the formula for lower values of n» must be used. If n is greater
than the change value, the plastic neutral axis lies in the flange and the formula
for higher values of n must be used.

Major axis bending:

Reduced plastic modulus Change value
2.2 _
er=Sx—An for nSZt(D—Zt)
8t A
2 — —_—
5. -4 (1_,1)[M+n_1} for n>2D=-20)
4B-1) A
Minor axis bending:
Reduced plastic modulus Change value
A’n? 2t(B—2t)
Sy =8, - ™ for nST
A? 2B(D-t) 2t(B-2t)
Sry=4(D_t)(l—n)[T+n—l} for H>T
where S, S,, S, are the full plastic moduli about the relevant axes
A is the gross cross-sectional area

D, B and ¢t are as defined in section 3.3.2.

4 Bolts and welds
4.1 Bolt capacities

The types of bolts covered are:

® Grades 4.6, 8.8 and 10.9, as specified in BS 4190:"3) ISO metric
black hexagon bolts, screws and nuts.

® Non-preloaded and preloaded HSFG bolts as specified in BS
4395:" High strength friction grip bolts and associated nuts and
washers for structural engineering. Part 1: General grade and Part
2: Higher grade.

Preloaded HSFG bolts should be tightened to minimum shank

tension (P,) as specified in BS 4604.01%

® Countersunk bolts as specified in BS 4933:'%1 ISO metric black
cup and countersunk bolts and screws with hexagon nuts.
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Information on assemblies of matching bolts, nuts and washers is
given is BS 5950-2.1!

(1) Non-preloaded bolts, Ordinary (Grades 4.6, 8.8 and 10.9) and
HSFG (General and Higher Grade):
(a) The tensile stress area (A,) is obtained from the above
standards.
(b) The tension capacity of the bolt is given by:

Poon =0.8p, A, Nominal
P, =pA, Exact
where p, is the tension strength of the bolt.
(c) The shear capacity of the bolt is given by:
Py = pA,
where p, is the shear strength of the bolt
A, 1s the shear area of the bolt.

In the tables, A, has been taken as equal to A,.

The shear capacity given in the tables must be reduced for
large packings, large grip lengths, kidney shaped slots or long
joints when applicable.

(d) The effective bearing capacity given is the lesser of the
bearing capacity of the bolt given by:

Py, = dt,pey,
and the bearing capacity of the connected ply given by:
Pbs = kbsd[ppbs

assuming that the end distance is greater than or equal to
twice the bolt diameter to meet the requirement that Py, <
0.5 kbsetppbs

where d is the nominal diameter of the bolt

I

is the thickness of the ply.

For countersunk bolts, #, is taken as the ply thickness minus
half the depth of countersinking. Depth of countersinking

is taken as half the bolt diameter based on a 90° countersink.

Po» 1S the bearing strength of the bolt
Dovs 18 the bearing strength of the ply

6.3.4.2
6.3.4.3
Table 34

6.3.2.1
Table 30

6.32.2
6.3.2.3
6.3.2.4
6.3.2.5

6.3.3.2

6.3.3.3

6.3.3.2

Table 31
Table 32
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e is the end distance
kys 1s a coefficient to allow for hole type. 6.3.3.3

Tables assume standard clearance holes, therefore ki is
taken as 1.0. For oversize holes and short slots, k., = 0.7. For
long slots and kidney shaped slots, ks = 0.5.

(2) Preloaded HSFG bolts (general grade and higher grade): 6.4
(a) The proof load of the bolt (P,) is obtained from BS 4604.I""!
The same proof load is used for countersunk bolts as for
non-countersunk bolts. For this to be acceptable the head
dimensions must be as specified in BS 4933.1%)
(b) The tension capacity (P,) of the bolt is taken as: 6.4.5

1.1 P, for non-slip in service
0.9 P, for non-slip under factored load
(c) The slip resistance of the bolt is given by: 6.4.2
Ps. = 1.1 KuP, for non-slip in service
Ps;. = 0.9 KuP, for non-slip under factored load

where K is taken as 1.0 for fasteners in standard
clearance holes 6.4.2

u is the slip factor. Table 35

(d) The bearing resistance is only applicable for non-slip in
service and is taken as:

Pbg =15 dtppbs 6.4.4

assuming that the end distance is greater than or equal to
three times the bolt diameter, to meet the requirement that
Py < 0.5 etypus.

where d  is the nominal diameter of the bolt

t

» 1s the thickness of the ply

Pvs 1 the bearing strength of the ply. Table 32

(e) The shear capacity of the bolt is given by: 6.4.1(a)
P, =pA 6.3.2.1
where p, is the shear strength of the bolt Table 30

A, is the shear area of the bolt

In the tables, A, has been taken as equal to A,.
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4.2 Welds

Capacities of longitudinal and transverse fillet welds per unit length
are tabulated. The weld capacities are given by:

Longitudinal shear capacity, P = p.a 6.8.7.3
Transverse capacity, Pr=Kpya
where p, is the weld design strength Table 37

a s the throat thickness, taken as 0.7 X the leg length

K is the enhancement factor for transverse welds. 6.8.7.3

The plates are assumed to be at 90° and therefore K = 1.25. Elec-
trode classifications of E35 and E42 are assumed for steel grade S275
and S355 respectively. Welding consumables are in accordance with
BS EN 440, BS EN 449,181 BS EN 756, BS EN 758,%" or BS EN

16

68! as appropriate. Table 37
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Tables of dimensions and gross section properties

UNIVERSAL BEAMS

B n
[ n— = 1
= N, f L
t
D d )
T o b
i —|/
— e
Section Mass | Depth | Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between [Local Buckling Detailing
Metre | Section | Section | Web | Flange Fillets Per Per
Flange | Web End Notch | Metre | Tonne
Clearance
D B t T r d b/T d/it C N n
kg/m mm mm mm | mm mm mm mm mm | mm | m? m?
1016 x 305 x 487 # 1| 486.6 | 1036.1 | 308.5 | 30.0 | 54.1 30.0 867.9 2.85 |[28.9 17 150 | 86 | 3.19 | 6.57
1016 x 305 x 437 # 1| 436.9 | 1025.9 | 305.4 | 26.9 [ 49.0 30.0 867.9 3.12 (323 16 150 | 80 | 3.17 | 7.25
1016 x 305 x 393 # 1| 392.7 | 1016.0 | 303.0 |24.4 | 43.9 30.0 868.2 3.45 |[35.6 14 150 | 74 | 3.14 | 8.01
1016 x 305 x 349 # 1|349.4 | 1008.1 | 302.0 | 21.1 | 40.0 30.0 868.1 3.77 411 13 150 | 70 | 3.13 | 8.96
1016 x 305 x 314 # 1| 314.3 | 1000.0 [ 300.0 | 19.1 [ 35.9 30.0 868.2 4.18 | 455 12 150 | 66 | 3.11 9.90
1016 x 305 x 272 # 1| 272.3 | 990.1 300.0 [16.5| 31.0 30.0 868.1 4.84 |52.6 10 152 | 63 | 3.10 1.4
1016 x 305 x 249 # 1| 248.7 | 980.2 300.0 [16.5| 26.0 30.0 868.2 577 |52.6 10 152 | 56 | 3.08 12.4
1016 x 305 x 222 # 1| 222.0 | 970.3 300.0 [16.0 | 21.1 30.0 868.1 711 54.3 10 1562 | 52 | 3.06 13.8
914 x 419 x 388 # 388.0 | 921.0 4205 |21.4| 36.6 241 799.6 5.74 |37.4 13 210 | 62 | 3.44 | 8.87
914 x 419 x 343 # 3433 | 911.8 4185 (194 | 320 241 799.6 6.54 |[41.2 12 210 | 58 | 3.42 9.95
914 x 305 x 289 # 289.1 | 926.6 307.7 [19.5| 32.0 191 824.4 481 |[423 12 156 | 52 | 3.01 10.4
914 x 305 x 253 # 253.4 | 9184 3055 |17.3| 279 191 824.4 5.47 |47.7 1 156 | 48 | 2.99 1.8
914 x 305 x 224 # 2242 | 9104 304.1 | 159 | 23.9 19.1 824.4 6.36 |51.8 10 156 | 44 | 2.97 13.3
914 x 305 x 201 # 200.9 | 903.0 303.3 | 15.1 20.2 191 824.4 7.51 54.6 10 156 | 40 | 2.96 14.7
838 x 292 x 226 # 226.5 | 850.9 293.8 [ 16.1| 26.8 17.8 761.7 548 |47.3 10 150 | 46 | 2.81 12.4
838 x 292 x 194 # 193.8 | 840.7 2924 (147 | 21.7 17.8 761.7 6.74 |51.8 9 150 | 40 | 2.79 14.4
838 x 292 x 176 # 175.9 | 834.9 291.7 | 140 | 188 17.8 761.7 7.76 | 54.4 9 150 | 38 | 2.78 15.8
762 x 267 x 197 196.8 | 769.8 268.0 (156 | 254 16.5 686.0 528 |44.0 10 138 | 42 | 2.55 13.0
762 x 267 x 173 173.0 | 762.2 266.7 [ 143 | 216 16.5 686.0 6.17 | 48.0 9 138 | 40 | 2.58 14.6
762 x 267 x 147 146.9 | 754.0 2652 (128 | 175 16.5 686.0 758 |53.6 8 138 | 34 | 2.51 171
762 x 267 x 134 133.9 | 750.0 264.4 | 12.0| 155 16.5 686.0 8.53 |[57.2 8 138 | 32 | 2.51 18.7
686 x 254 x 170 170.2 | 692.9 2558 (145 | 23.7 15.2 615.1 540 (424 9 132 | 40 | 2.35 13.8
686 x 254 x 152 152.4 | 687.5 2545 (132 | 21.0 15.2 615.1 6.06 |46.6 9 132 | 38 | 2.34 15.4
686 x 254 x 140 140.1 | 683.5 253.7 (124 | 19.0 15.2 615.1 6.68 |49.6 8 132 | 36 | 2.33 16.6
686 x 254 x 125 125.2 | 677.9 253.0 | 11.7 | 16.2 15.2 615.1 7.81 |52.6 8 132 | 32 | 2.32 18.5
610 x 305 x 238 238.1 | 6358 3114 | 184 | 314 16.5 540.0 496 (293 1 158 | 48 | 2.45 10.3
610 x 305 x 179 179.0 | 620.2 307.1 (141 | 236 16.5 540.0 6.51 |[38.3 9 158 | 42 | 2.41 13.5
610 x 305 x 149 149.2 | 6124 304.8 [ 11.8 | 19.7 16.5 540.0 7.74 | 458 8 158 | 38 | 2.39 16.0
610 x 229 x 140 139.9 | 617.2 230.2 | 131 221 12.7 547.6 5.21 41.8 9 120 | 36 | 2.11 15.1
610 x 229 x 125 125.1 | 612.2 229.0 (119 | 196 12.7 547.6 5.84 |46.0 8 120 | 34 | 2.09 16.7
610 x 229 x 113 113.0 | 607.6 2282 | 11.1 17.3 12.7 547.6 6.60 |[49.3 8 120 | 30 | 2.08 18.4
610 x 229 x 101 101.2 | 602.6 2276 (105 | 14.8 12.7 547.6 769 |522 7 120 | 28 | 2.07 | 205
533 x 210 x 122 122.0 | 5445 2119 | 127 | 213 12.7 476.5 497 |375 8 110 | 34 | 1.89 15.5
533 x 210 x 109 109.0 | 539.5 2108 (116 | 188 12.7 476.5 561 |[41.1 8 110 | 32 | 1.88 17.2
533 x 210 x 101 101.0 | 536.7 210.0 (108 | 174 12.7 476.5 6.03 |44.1 7 110 | 32 | 1.87 18.5
533 x 210 x 92 92.1 533.1 209.3 | 10.1 15.6 12.7 476.5 6.71 |47.2 7 110 | 30 | 1.86 | 20.2
533 x 210 x 82 82.2 528.3 208.8 | 9.6 13.2 12.7 476.5 7.91 |49.6 7 110 | 26 | 1.85 | 22.5

T Section is not given in BS 4-1: 1993.
# Check availability.
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—r—=
X — f— x
—=
U
¥
PROPERTIES
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional | Area
Designation of Area of Gyration Modulus Modulus Parameter | Index | Constant [ Constant of
Section

Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis

X-X y-y X-X | y-y X-X y-y X-X y-y u X H J A

cm* cm* [ em [ em [ em® [ em® | cm® | cm® dm® cm? cm?
1016 x 305 x 487 # 1| 1020000 | 26700 | 40.6 | 6.57 | 19700 | 1730 | 23200 | 2800 0.867 211 64.4 4300 620
1016 x 305 x 437 # 1| 910000 | 23500 | 40.4 | 6.49 | 17700 | 1540 | 20800 | 2470 0.868 23.1 55.9 3190 557
1016 x 305 x 393 # 1 | 808000 |20500 | 40.2 | 6.40 | 15900 | 1350 | 18500 | 2170 0.868 255 48.4 2330 500
1016 x 305 x 349 # 1 | 723000 | 18500 | 40.3 | 6.44 | 14400 | 1220 | 16600 | 1940 0.872 27.9 43.3 1720 445
1016 x 305 x 314 # 1 | 644000 | 16200 | 40.1 | 6.37 | 12900 | 1080 | 14900 | 1710 0.872 30.7 37.7 1260 400
1016 x 305 x 272 # 1 | 554000 | 14000 | 40.0 | 6.35 | 11200 | 934 | 12800 | 1470 0.872 35.0 322 835 347
1016 x 305 x 249 # 1 | 481000 | 11800 | 39.0 | 6.09 | 9820 | 784 | 11400 | 1250 0.861 39.9 26.8 582 317
1016 x 305 x 222 # 1 | 408000 | 9550 |38.0 | 5.81 | 8410 | 636 | 9810 | 1020 0.849 45.8 215 390 283
914 x 419 x 388 # 720000 | 45400 | 38.2 | 9.59 | 15600 | 2160 | 17700 | 3340 0.885 26.7 88.9 1730 494
914 x 419 x 343 # 626000 | 39200 | 37.8 | 9.46 | 13700 | 1870 | 15500 | 2890 0.883 30.1 75.8 1190 437
914 x 305 x 289 # 504000 | 15600 | 37.0 | 6.51 | 10900 | 1010 | 12600 | 1600 0.867 31.9 31.2 926 368
914 x 305 x 253 # 436000 | 13300 | 36.8 | 6.42 | 9500 | 871 | 10900 | 1370 0.865 36.2 26.4 626 323
914 x 305 x 224 # 376000 | 11200 | 36.3 | 6.27 | 8270 | 739 | 9540 | 1160 0.861 41.3 221 422 286
914 x 305 x 201 # 325000 | 9420 |35.7 | 6.07 | 7200 | 621 | 8350 | 982 0.853 46.9 18.4 291 256
838 x 292 x 226 # 340000 | 11400 [ 34.3 | 6.27 | 7990 | 773 | 9160 | 1210 0.869 35.0 19.3 514 289
838 x 292 x 194 # 279000 | 9070 |33.6 | 6.06 | 6640 | 620 | 7640 | 974 0.862 41.6 15.2 306 247
838 x 292 x 176 # 246000 | 7800 |33.1|5.90 | 5890 | 535 | 6810 | 842 0.856 46.5 13.0 221 224
762 x 267 x 197 240000 | 8180 [30.9 |5.71 | 6230 | 610 | 7170 | 959 0.868 33.2 1.3 404 251
762 x 267 x 173 205000 | 6850 [30.5|5.58 | 5390 | 514 | 6200 | 807 0.865 38.1 9.39 267 220
762 x 267 x 147 169000 | 5460 |30.0 | 5.40 | 4470 | 411 | 5160 | 647 0.858 45.2 7.40 159 187
762 x 267 x 134 151000 | 4790 |29.7 | 5.30 | 4020 | 362 | 4640 | 570 0.853 49.8 6.46 119 171
686 x 254 x 170 170000 | 6630 |28.0 | 5.53 | 4920 | 518 | 5630 | 811 0.872 31.8 7.42 308 217
686 x 254 x 152 150000 | 5780 |27.8 | 5.46 | 4370 | 455 | 5000 | 710 0.871 35.4 6.42 220 194
686 x 254 x 140 136000 | 5180 |27.6 | 5.39 | 3990 | 409 | 4560 | 638 0.869 38.6 5.72 169 178
686 x 254 x 125 118000 | 4380 (27.2|5.24 | 3480 | 346 | 3990 | 542 0.863 43.8 4.80 116 159
610 x 305 x 238 210000 | 15800 [ 26.3 | 7.23 | 6590 | 1020 | 7490 | 1570 0.887 21.3 145 785 303
610 x 305 x 179 153000 | 11400 | 25.9 | 7.07 | 4940 | 743 | 5550 | 1140 0.886 27.7 10.2 340 228
610 x 305 x 149 126000 | 9310 |25.7 | 7.00 | 4110 | 611 | 4590 | 937 0.886 327 8.17 200 190
610 x 229 x 140 112000 | 4510 [25.0 | 5.03 | 3620 | 391 | 4140 | 611 0.875 30.6 3.99 216 178
610 x 229 x 125 98600 | 3930 |24.9 | 4.97 | 3220 | 343 | 3680 | 535 0.874 34.1 3.45 154 159
610 x 229 x 113 87300 | 3430 |24.6 |4.88 | 2870 | 301 | 3280 | 469 0.870 38.1 2.99 11 144
610 x 229 x 101 75800 | 2920 |24.2 | 4.75| 2520 | 256 | 2880 | 400 0.863 43.1 2.52 77.0 129
533 x 210 x 122 76000 | 3390 |22.1|4.67| 2790 | 320 | 3200 | 500 0.878 27.6 2.32 178 155
533 x 210 x 109 66800 | 2940 |21.9 | 4.60 | 2480 | 279 | 2830 | 436 0.874 31.0 1.99 126 139
533 x 210 x 101 61500 | 2690 |21.9 | 4.57 | 2290 | 256 | 2610 | 399 0.873 33.2 1.81 101 129
533 x 210 x 92 55200 | 2390 |21.7 [ 4.51 | 2070 | 228 | 2360 | 356 0.873 36.4 1.60 75.7 17
533 x 210 x 82 47500 | 2010 |21.3 | 4.38 | 1800 | 192 | 2060 | 300 0.863 41.6 1.33 515 105

1 Section is not given in BS 4-1: 1993.

# Check availability.
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Section Mass | Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section | web | Flange Fillets Per Per
Flange | Web End Notch Metre | Tonne
Clearance
D B t T r d b/T d/t C N n
kg/m mm mm mm mm mm mm mm mm | mm | m? m?
457 x 191 x 98 | 98.3 467.2 1928 (114 | 196 10.2 407.6 492 | 358 8 102 | 30 | 1.67 | 16.9
457 x 191 x 89 | 89.3 463.4 1919 (105 | 17.7 10.2 407.6 542 | 38.8 7 102 | 28 | 1.66 18.5
457 x 191 x 82 | 82.0 460.0 1913 | 9.9 16.0 10.2 407.6 598 |41.2 7 102 | 28 | 1.65 | 20.1
457 x 191 x 74 | 74.3 457.0 190.4 | 9.0 14.5 10.2 407.6 6.57 | 45.3 7 102 | 26 | 1.64 | 221
457 x 191 x 67 | 67.1 453.4 189.9 | 85 12.7 10.2 407.6 7.48 | 48.0 6 102 | 24 | 1.63 | 243
457 x 152 x 82 | 82.1 465.8 1553 [10.5 | 18.9 10.2 407.6 411 | 388 7 84 | 30 | 1.51 18.4
457 x 152 x 74 | 74.2 462.0 1544 | 9.6 17.0 10.2 407.6 454 | 425 7 84 | 28 | 1.50 | 20.3
457 x 152 x 67 | 67.2 458.0 153.8 | 9.0 15.0 10.2 407.6 513 | 453 7 84 | 26 | 1.50 | 22.3
457 x 152 x 60 | 59.8 454.6 152.9 | 8.1 133 10.2 407.6 5.75 |50.3 6 84 | 24 | 149 | 249
457 x 152 x 52 | 52.3 449.8 1524 | 7.6 10.9 10.2 407.6 6.99 |53.6 6 84 | 22 | 1.4 28.2
406 x 178 x 74 | 74.2 412.8 179.5 9.5 16.0 10.2 360.4 5.61 37.9 7 96 28 1.51 20.3
406 x 178 x 67 | 67.1 409.4 1788 | 8.8 14.3 10.2 360.4 6.25 |41.0 6 9 | 26 | 1.50 | 22.3
406 x 178 x 60 | 60.1 406.4 1779 | 7.9 12.8 10.2 360.4 6.95 | 45.6 6 96 | 24 | 149 | 248
406 x 178 x 54 | 54.1 402.6 1777 | 7.7 10.9 10.2 360.4 8.15 | 46.8 6 96 | 22 | 1.48 | 274
406 x 140 x 46 | 46.0 403.2 1422 | 6.8 1.2 10.2 360.4 6.35 | 53.0 5 78 | 22 | 1.34 | 29.2
406 x 140 x 39 | 39.0 398.0 1418 | 6.4 8.6 10.2 360.4 8.24 |56.3 5 78 | 20 | 1.33 | 34.2
356 x 171 x 67 | 67.1 363.4 1732 | 9.1 15.7 10.2 311.6 552 | 34.2 7 94 | 26 | 1.38 | 20.6
356 x 171 x 57 | 57.0 358.0 1722 | 841 13.0 10.2 311.6 6.62 | 385 6 94 | 24 | 1.37 | 241
356 x 171 x 51 | 51.0 355.0 1715 | 74 1.5 10.2 311.6 7.46 | 421 6 94 | 22 | 1.36 | 26.7
356 x 171 x 45 | 45.0 351.4 1711 7.0 9.7 10.2 311.6 8.82 | 445 6 94 | 20 | 1.36 | 30.1
356 x 127 x 39 | 39.1 353.4 126.0 | 6.6 10.7 10.2 311.6 5.89 |47.2 5 70 | 22 | 1.18 | 30.2
356 x 127 x 33 | 33.1 349.0 1254 | 6.0 8.5 10.2 311.6 7.38 |51.9 5 70 | 20 | 117 | 354
305 x 165 x 54 | 54.0 310.4 1669 | 7.9 13.7 8.9 265.2 6.09 | 33.6 6 90 | 24 | 1.26 | 233
305 x 165 x 46 | 46.1 306.6 165.7 | 6.7 1.8 8.9 265.2 7.02 | 39.6 5 90 | 22 | 1.25 | 271
305 x 165 x 40 | 40.3 303.4 165.0 | 6.0 10.2 8.9 265.2 8.09 |44.2 5 90 | 20 | 1.24 | 30.8
305 x 127 x 48 | 48.1 311.0 1253 | 9.0 14.0 8.9 265.2 447 | 295 7 70 | 24 | 1.09 | 22.7
305 x 127 x 42 | 41.9 307.2 124.3 8.0 121 8.9 265.2 5.14 33.1 6 70 22 1.08 25.8
305 x 127 x 37 | 37.0 304.4 123.4 71 10.7 8.9 265.2 5.77 37.4 6 70 20 1.07 29.0
305 x 102 x 33 | 32.8 312.7 1024 | 6.6 10.8 7.6 275.9 474 | 418 5 58 | 20 | 1.01 30.8
305 x 102 x 28 | 28.2 308.7 101.8 | 6.0 8.8 7.6 275.9 5.78 | 46.0 5 58 | 18 | 1.00 | 35.4
305 x 102 x 25 | 24.8 305.1 1016 | 5.8 7.0 7.6 275.9 7.26 | 47.6 5 58 | 16 |0.992 | 40.0
254 x 146 x 43 | 43.0 259.6 147.3 7.2 12.7 7.6 219.0 5.80 30.4 6 82 22 1.08 251
254 x 146 x 37 | 37.0 256.0 146.4 6.3 10.9 7.6 219.0 6.72 34.8 5 82 20 1.07 29.0
254 x 146 x 31 | 31.1 251.4 146.1 6.0 8.6 7.6 219.0 8.49 | 365 5 82 | 18 | 1.06 | 34.2
254 x 102 x 28 | 28.3 260.4 1022 | 6.3 10.0 7.6 225.2 511 | 357 5 58 | 18 | 0.904 | 31.9
254 x 102 x 25 | 25.2 257.2 1019 | 6.0 8.4 76 225.2 6.07 | 375 5 58 | 16 | 0.897 | 35.6
254 x 102 x 22 | 22.0 254.0 1016 | 5.7 6.8 7.6 2252 7.47 | 395 5 58 | 16 [ 0.890 | 40.5
203 x 133 x 30 | 30.0 206.8 1339 | 6.4 9.6 7.6 172.4 6.97 |26.9 5 74 | 18 | 0.923 | 30.8
203 x 133 x 25 | 25.1 203.2 1332 | 5.7 7.8 7.6 172.4 8.54 |30.2 5 74 | 16 | 0.915 | 36.4
203 x 102 x 23 | 23.1 203.2 101.8 | 5.4 9.3 76 169.4 547 | 314 5 60 | 18 | 0.790 | 34.2
178 x 102 x 19 | 19.0 177.8 101.2 4.8 7.9 7.6 146.8 6.41 30.6 4 60 16 | 0.738 | 38.8
152 x 89 x 16 16.0 152.4 88.7 45 77 7.6 121.8 576 | 271 4 54 | 16 | 0.638 | 39.8
127 x 76 x 13 13.0 127.0 76.0 4.0 7.6 7.6 96.6 5.00 241 4 46 16 | 0.537 | 41.3
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Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis
X-X y-y X-X y-y X-X y-y X-X y-y u X H J A
cm* cm* | cm cm cm® | em® | em® | cm® dmé cm?* cm?
457 x 191 x 98 | 45700 | 2350 | 19.1 4.33 | 1960 | 243 | 2230 | 379 0.882 25.7 1.18 121 125
457 x 191 x 89 | 41000 | 2090 | 19.0 | 4.29 | 1770 | 218 | 2010 | 338 0.879 28.3 1.04 90.7 114
457 x 191 x 82 | 37100 | 1870 | 18.8 | 4.23 | 1610 | 196 | 1830 | 304 0.879 30.8 0.922 69.2 104
457 x 191 x 74 | 33300 | 1670 | 18.8 | 4.20 | 1460 | 176 | 1650 | 272 0.877 33.8 0.818 51.8 94.6
457 x 191 x 67 | 29400 | 1450 | 18.5 | 4.12 | 1300 | 153 | 1470 | 237 0.872 37.9 0.705 37.1 85.5
457 x 152 x 82 | 36600 | 1190 | 18.7 | 8.37 | 1570 | 153 | 1810 | 240 0.871 27.4 0.591 89.2 105
457 x 152 x 74 | 32700 | 1050 | 18.6 | 3.33 | 1410 | 136 | 1630 | 213 0.873 30.2 0.518 65.9 94.5
457 x 152 x 67 | 28900 913 18.4 | 3.27 | 1260 119 1450 187 0.868 33.6 0.448 47.7 85.6
457 x 152 x 60 | 25500 | 795 18.3 | 3.23 | 1120 | 104 | 1290 | 163 0.868 375 0.387 33.8 76.2
457 x 152 x 52 | 21400 | 645 17.9 | 3.1 950 | 84.6 | 1100 | 133 0.859 43.8 0.311 21.4 66.6
406 x 178 x 74 | 27300 | 1550 | 17.0 | 4.04 | 1320 | 172 | 1500 | 267 0.882 27.6 0.608 62.8 94.5
406 x 178 x 67 | 24300 | 1370 | 16.9 | 3.99 | 1190 | 153 | 1350 | 237 0.880 30.5 0.533 46.1 85.5
406 x 178 x 60 | 21600 | 1200 | 16.8 | 3.97 | 1060 | 135 | 1200 | 209 0.880 33.8 0.466 33.3 76.5
406 x 178 x 54 | 18700 | 1020 | 16.5 | 3.85 | 930 115 | 1060 | 178 0.871 38.3 0.392 23.1 69.0
406 x 140 x 46 | 15700 | 538 16.4 | 83.03 | 778 | 75.7 | 888 118 0.872 39.0 0.207 19.0 58.6
406 x 140 x 39 | 12500 | 410 159 | 287 | 629 | 57.8 | 724 | 90.8 0.858 47.5 0.155 10.7 49.7
356 x 171 x 67 | 19500 | 1360 | 15.1 | 3.99 | 1070 | 157 | 1210 | 243 0.886 24.4 0.412 55.7 85.5
356 x 171 x 57 | 16000 | 1110 | 14.9 | 3.91 896 129 | 1010 | 199 0.882 28.8 0.330 33.4 72.6
356 x 171 x 51 | 14100 | 968 | 14.8 | 3.86 | 796 113 | 896 | 174 0.881 32.1 0.286 23.8 64.9
356 x 171 x 45 | 12100 811 145 | 3.76 687 94.8 775 147 0.874 36.8 0.237 15.8 57.3
356 x 127 x 39 | 10200 | 358 143 | 268 | 576 | 56.8 | 659 | 89.1 0.871 35.2 0.105 15.1 49.8
356 x 127 x 33 | 8250 280 140 | 258 | 473 | 44.7 | 543 | 70.3 0.863 42.2 0.081 8.79 421
305 x 165 x 54 | 11700 | 1060 | 13.0 | 3.93 | 754 | 127 | 846 | 196 0.889 23.6 0.234 34.8 68.8
305 x 165 x 46 | 9900 896 13.0 | 3.90 | 646 108 720 166 0.891 271 0.195 222 58.7
305 x 165 x 40 | 8500 764 129 | 3.86 | 560 | 92.6 | 623 142 0.889 31.0 0.164 14.7 51.3
305 x 127 x 48 | 9580 461 125 | 274 | 616 | 73.6 71 116 0.874 23.3 0.102 31.8 61.2
305 x 127 x 42 | 8200 389 124 | 270 | 534 | 626 | 614 | 98.4 0.872 26.6 0.0846 211 53.4
305 x 127 x 37 | 7170 336 12.3 | 2.67 | 471 545 | 539 | 85.4 0.871 29.7 0.0725 14.8 47.2
305 x 102 x 33 | 6500 194 125 | 215 | 416 | 379 | 481 60.0 0.867 31.6 0.0442 12.2 41.8
305 x 102 x 28 | 5370 155 122 | 2.08 | 348 | 30.5 | 403 | 485 0.859 37.4 0.0349 7.40 35.9
305 x 102 x 25 4460 123 11.9 1.97 292 242 342 38.8 0.846 43.4 0.0273 4.77 31.6
254 x 146 x 43 | 6540 677 109 | 352 | 504 | 92.0 | 566 141 0.890 21.2 0.103 23.9 54.8
254 x 146 x 37 | 5540 571 10.8 | 3.48 | 433 | 78.0 | 483 19 0.889 24.4 0.0857 15.3 47.2
254 x 146 x 31 4410 448 10.5 | 3.36 | 351 61.3 | 393 | 94.1 0.879 29.6 0.0660 8.55 39.7
254x102x28 | 4010 | 179 | 105 | 222 | 308 | 349 | 353 | 54.8 0.874 275 0.0280 9.57 36.1
254 x 102 x 25 | 3420 149 103 | 215 | 266 | 29.2 | 306 | 46.0 0.867 31.4 0.0230 6.42 32.0
254 x 102 x 22 | 2840 119 10.1 | 2.06 | 224 | 235 | 259 | 37.3 0.856 36.3 0.0182 4.15 28.0
203 x 133 x 30 | 2900 385 | 871 | 317 | 280 | 57.5 | 314 | 88.2 0.881 21.5 0.0374 10.3 38.2
203 x 1383 x 25 | 2340 308 | 856 | 3.10 | 230 | 46.2 | 258 | 70.9 0.877 25.6 0.0294 5.96 32.0
203x102x23 | 2110 | 164 | 846 | 236 | 207 | 322 | 234 | 49.8 0.888 225 0.0154 7.02 29.4
178 x 102 x 19 1360 137 | 7.48 | 2.37 153 | 27.0 171 41.6 0.886 22.6 0.00987 4.41 24.3
152 x 89 x 16 834 | 89.8 | 6.41 | 210 | 109 | 202 | 123 | 31.2 0.889 19.6 0.00470 3.56 20.3
127 x 76 x 13 473 557 | 535 | 1.84 | 746 | 14.7 | 842 | 22.6 0.896 16.3 0.00199 2.85 16.5
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REDUCED PLASTIC MODULUS UNDER AXIAL LOAD

Section Plastic Major Axis Reduced Modulus Plastic Minor Axis Reduced Modulus
Designation Modulus Modulus

Axis Lower Values Change | Higher Values Axis Lower Values | Change Higher Values

X=X of n Formula of n y-y of n Formula of n

Atn= Atn=

cm® K1 K2 K3 K4 cm?® K1 K2 K3 K4
1016 x 305 x 487 # t 23200 23200 | 32000 0.449 3120 | 9.31 2800 2800 | 928 0.501 8880 | 0.0768
1016 x 305 x 437 # t 20800 20800 | 28800 0.448 2540 | 10.2 2470 2470 | 756 0.495 7910 | 0.0747
1016 x 305 x 393 # t 18500 18500 | 25600 0.453 2060 | 11.3 2170 2170 | 615 0.496 7120 | 0.0641
1016 x 305 x 349 # t 16600 16600 | 23500 0.440 1640 | 12.7 1940 1940 | 491 0.478 6190 | 0.0858
1016 x 305 x 314 # t 14900 14900 | 20900 0.443 1330 | 14.0 1710 1710 | 400 0.478 5570 | 0.0770
1016 x 305 x 272 # 1 12800 12800 | 18200 0.441 1000 | 16.1 1470 1470 | 304 0.471 4860 0.0720
1016 x 305 x 249 # t 11400 11400 | 15200 0.483 837 | 17.6 1250 1250 | 256 0.510 4830 | -0.0158
1016 x 305 x 222 # t 9810 9810 | 12500 0.525 667 | 19.6 1020 1020 | 206 0.549 4740 | -0.105
914 x 419 x 388 # 17700 17700 | 28500 0.367 1450 | 14.7 3340 3340 | 663 0.399 8340 0.246
914 x 419 x 343 # 15500 15500 | 24600 0.376 1140 | 16.5 2890 2890 | 524 0.405 7470 0.225
914 x 305 x 289 # 12600 12600 | 17400 0.457 1100 | 14.5 1600 1600 | 366 0.491 5300 | 0.0695
914 x 305 x 253 # 10900 10900 | 15100 0.462 853 | 16.4 1370 1370 | 284 0.492 4670 | 0.0561
914 x 305 x 224 # 9540 9540 | 12800 0.480 671 18.4 1160 1160 | 224 0.507 4270 | 0.0178
914 x 305 x 201 # 8350 8350 | 10800 0.509 540 | 20.4 982 982 181 0.533 4050 | —0.0424
838 x 292 x 226 # 9160 9160 | 12900 0.445 709 | 16.3 1210 1210 | 245 0.475 3880 | 0.0915
838 x 292 x 194 # 7640 7640 | 10400 0.475 521 18.9 974 974 | 181 0.501 3510 | 0.0283
838 x 292 x 176 # 6810 6810 8960 0.498 430 | 20.7 842 842 150 0.522 3340 | —0.0208
762 x 267 x 197 7170 7170 | 10100 0.448 586 | 15.5 959 959 | 204 0.479 3090 | 0.0863
762 x 267 x 173 6200 6200 8490 0.467 455 | 17.4 807 807 | 159 0.495 2810 | 0.0457
762 x 267 x 147 5160 5160 6840 0.492 330 | 20.4 647 647 116 0.516 2500 | -0.00820
762 x 267 x 134 4640 4640 6060 0.506 275 | 222 570 570 | 97.0 0.528 2350 | —0.0390
686 x 254 x 170 5630 5630 8110 0.432 459 | 153 811 811 170 0.463 2480 0.118
686 x 254 x 152 5000 5000 7130 0.439 370 | 17.0 710 710 137 0.468 2240 0.102
686 x 254 x 140 4560 4560 6420 0.449 314 | 184 638 638 116 0.475 2100 | 0.0806
686 x 254 x 125 3990 3990 5440 0.474 251 | 20.5 542 542 | 93.8 0.497 1960 | 0.0280
610 x 305 x 238 7490 7490 | 12500 0.348 739 | 1241 1570 1570 | 362 0.386 3660 0.289
610 x 305 x 179 5550 5550 9220 0.354 423 | 15.7 1140 1140 | 210 0.383 2760 0.271
610 x 305 x 149 4590 4590 7650 0.356 296 | 18.6 937 937 | 147 0.380 2290 0.264
610 x 229 x 140 4140 4140 6060 0.421 345 14.9 611 611 129 0.454 1800 0.142
610 x 229 x 125 3680 3680 5330 0.428 277 | 16.6 535 535 104 0.457 1620 0.127
610 x 229 x 113 3280 3280 4670 0.442 227 | 183 469 469 | 85.3 0.469 1500 | 0.0970
610 x 229 x 101 2880 2880 3960 0.467 183 | 20.3 400 400 | 69.0 0.491 1400 | 0.0451
533 x 210 x 122 3200 3200 4750 0.410 285 | 13.8 500 500 111 0.445 1420 0.162
533 x 210 x 109 2830 2830 4160 0.419 229 | 154 436 436 | 89.4 0.451 1280 0.142
533 x 210 x 101 2610 2610 3830 0.421 197 | 165 399 399 | 7741 0.450 1190 0.136
533 x 210 x 92 2360 2360 3410 0.432 165 | 18.0 356 356 | 64.6 0.459 1100 0.113
533 x 210 x 82 2060 2060 2850 0.460 131 | 201 300 300 | 51.9 0.484 1040 | 0.0531

1 Section is not given in BS 4-1: 1993.

# Check availability.

n = F/(A p,), where F is the factored axial load, A is the gross cross sectional area and p, is the design strength of the section.
For lower values of n, the reduced plastic modulus, S, = K1 — K2.n?, for both major and minor axis bending.
For higher values of n, the reduced plastic modulus, S, = K3(1 — n)(K4 + n), for both major and minor axis bending.
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REDUCED PLASTIC MODULUS UNDER AXIAL LOAD

Section Plastic Major Axis Reduced Modulus Plastic Minor Axis Reduced Modulus
Designation Modulus Modulus

Axis Lower Values Change | Higher Values Axis Lower Values | Change Higher Values

X=X of n Formula of n yy of n Formula of n

Atn= Atn=

cm?® K1 K2 K3 K4 cm® K1 K2 K3 K4
457 x 191 x 98 2230 2230 3440 0.390 203 13.4 379 379 84.0 0.425 1000 0.207
457 x 191 x 89 2010 2010 3080 0.395 169 14.6 338 338 69.8 0.428 914 0.194
457 x 191 x 82 1830 1830 2760 0.406 143 15.8 304 304 59.3 0.436 853 0.172
457 x 191 x 74 1650 1650 2490 0.407 118 17.4 272 272 49.0 0.435 772 0.167
457 x 191 x 67 1470 1470 2150 0.425 96.3 191 237 237 40.3 0.451 720 0.128
457 x 152 x 82 1810 1810 2600 0.430 176 12.8 240 240 58.7 0.468 723 0.123
457 x 152 x 74 1630 1630 2320 0.435 145 141 213 213 48.3 0.469 656 0.111
457 x 152 x 67 1450 1450 2030 0.450 19 15.5 187 187 40.0 0.482 610 0.0786
457 x 152 x 60 1290 1290 1790 0.455 95.0 17.2 163 163 32.0 0.483 546 0.0670
457 x 152 x 52 1100 1100 1460 0.488 72.9 19.6 133 133 247 0.513 509 —0.00290
406 x 178 x 74 1500 1500 2350 0.383 124 14.7 267 267 541 0.415 698 0.216
406 x 178 x 67 1350 1350 2080 0.392 102 16.1 237 237 44.7 0.421 640 0.196
406 x 178 x 60 1200 1200 1850 0.393 82.3 17.9 209 209 36.0 0.420 572 0.190
406 x 178 x 54 1060 1060 1540 0.425 66.9 19.8 178 178 29.5 0.450 545 0.124
406 x 140 x 46 888 888 1260 0.442 60.5 18.6 118 118 21.3 0.468 384 0.0864
406 x 140 x 39 724 724 963 0.491 435 21.7 90.8 90.8 155 0.513 358 -0.0176
356 x 171 x 67 1210 1210 2010 0.353 105 13.7 243 243 50.3 0.387 582 0.272
356 x 171 x 57 1010 1010 1630 0.371 76.4 16.0 199 199 36.8 0.400 506 0.234
356 x 171 x 51 896 896 1420 0.379 61.4 17.8 174 174 29.7 0.405 458 0.215
356 x 171 x 45 775 775 1170 0.405 48.0 20.0 147 147 234 0.429 423 0.158
356 x 127 x 39 659 659 938 0.440 491 16.9 89.1 89.1 175 0.469 289 0.0836
356 x 127 x 33 543 543 740 0.473 35.4 19.8 70.3 70.3 12.7 0.497 261 0.0120
305 x 165 x 54 846 846 1500 0.325 70.8 | 141 196 196 | 38.1 0.357 431 0.330
305 x 165 x 46 720 720 1290 0.323 52.1 16.3 166 166 28.1 0.350 366 0.331
305 x 165 x 40 623 623 1100 0.331 39.9 18.5 142 142 21.7 0.355 323 0.312
305 x 127 x 48 71 71 1040 0.416 74.8 1.7 116 116 30.1 0.457 335 0.146
305 x 127 x 42 614 614 891 0.424 57.4 13.3 98.4 984 | 23.2 0.460 295 0.127
305 x 127 x 37 539 539 784 0.426 451 14.9 85.4 85.4 18.3 0.458 260 0.119
305 x 102 x 33 481 481 663 0.459 42.7 14.3 60.0 60.0 14.0 0.493 202 0.0576
305 x 102 x 28 403 403 536 0.487 31.6 16.5 48.5 48.5 10.4 0.516 183 —-0.00120
305 x 102 x 25 342 342 431 0.534 246 18.6 38.8 38.8 | 8.18 0.560 178 —-0.100
254 x 146 x 43 566 566 1040 0.308 50.9 13.0 141 141 289 0.341 295 0.366
254 x 146 x 37 483 483 883 0.313 38.0 14.9 19 19 21.7 0.342 255 0.353
254 x 146 x 31 393 393 656 0.354 26.9 17.5 94.1 941 15.7 0.380 229 0.267
254 x 102 x 28 353 353 517 0.420 31.8 13.8 54.8 54.8 125 0.455 163 0.133
254 x 102 x 25 306 306 428 0.450 252 15.4 46.0 46.0 | 9.98 0.482 153 0.0686
254 x 102 x 22 259 259 344 0.489 19.3 17.4 37.3 373 | 7.78 0.517 144 -0.0136
203 x 133 x 30 314 314 570 0.314 27.3 13.5 88.2 88.2 17.7 0.346 190 0.346
203 x 133 x 25 258 258 448 0.334 19.2 | 15.9 70.9 709 | 126 0.362 164 0.300
203 x 102 x 23 234 234 400 0.339 21.2 131 49.8 49.8 10.6 0.373 116 0.288
178 x 102 x 19 171 171 307 0.321 145 13.8 41.6 416 | 8.28 0.352 93.1 0.318
152 x 89 x 16 123 123 229 0.303 16 | 123 31.2 312 | 6.77 0.337 67.0 0.344
127 x 76 x 13 84.2 84.2 171 0.271 8.98 10.7 226 226 | 5.37 0.308 449 0.399

n = F/(A p,), where F is the factored axial load, A is the gross cross sectional area and p, is the design strength of the section.
For lower values of n, the reduced plastic modulus, S, = K1 — K2.n?, for both major and minor axis bending.
For higher values of n, the reduced plastic modulus, S, = K3(1 — n)(K4 + n), for both major and minor axis bending.
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DIMENSIONS
Section Mass | Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between |Local Buckling Detailing
Metre | Section | Section | Web | Flange Fillets Per Per
Flange | Web End Notch Metre | Tonne
Clearance
D B t T r d b/T d/t N n
kg/m mm mm mm mm mm mm mm mm | mm| m? m?
356 x 406 x 634 # | 633.9 | 474.6 424.0 | 47.6 77.0 15.2 290.2 275 | 6.10 26 200 | 94 | 2.52 3.98
356 x 406 x 551 # | 551.0 | 455.6 418.5 | 421 67.5 15.2 290.2 3.10 | 6.89 23 200 | 84 | 247 | 4.49
356 x 406 x 467 # | 467.0 | 436.6 4122 | 356.8 | 58.0 15.2 290.2 3.55 | 8.11 20 200 | 74 | 242 | 519
356 x 406 x 393 # | 393.0 | 419.0 407.0 | 30.6 | 49.2 15.2 290.2 4.14 | 9.48 17 200 | 66 | 2.38 | 6.05
356 x 406 x 340 # | 339.9 | 406.4 403.0 | 26.6 | 42.9 15.2 290.2 4.70 | 10.9 15 200 | 60 | 2.35 | 6.90
356 x 406 x 287 # | 287.1 | 393.6 | 399.0 | 22.6 | 36.5 15.2 290.2 547 | 12.8 13 200 | 52 | 2.31 | 8.05
356 x 406 x 235 # | 235.1 | 381.0 3948 | 184 | 302 15.2 290.2 6.54 | 158 1" 200 | 46 | 2.28 | 9.69
356 x 368 x 202 # | 201.9 | 374.6 3747 | 165 | 27.0 15.2 290.2 6.94 | 17.6 10 190 | 44 | 219 | 10.8
356 x 368 x 177 # | 177.0 | 368.2 3726 | 144 | 2338 15.2 290.2 7.83 | 20.2 9 190 | 40 | 217 | 12.3
356 x 368 x 153 # | 152.9 | 362.0 370.5 | 123 | 20.7 15.2 290.2 8.95 | 23.6 8 190 | 36 | 2.16 | 14.1
356 x 368 x 129 # | 129.0 | 355.6 368.6 | 104 | 175 15.2 290.2 10.50 | 27.9 7 190 | 34 | 214 | 16.6
305 x 305 x 283 282.9 | 365.3 322.2 | 26.8 | 44.1 15.2 246.7 3.65 | 9.21 15 158 | 60 | 1.94 | 6.86
305 x 305 x 240 240.0 | 352.5 3184 | 230 | 377 15.2 246.7 422 | 10.7 14 158 | 54 | 1.91 7.94
305x305x198 | 198.1 | 339.9 | 3145 [ 191 | 31.4 15.2 246.7 501 | 12.9 12 158 | 48 | 1.87 | 9.46
305 x 305 x 158 | 158.1 | 327.1 3112 | 158 | 25.0 15.2 246.7 6.22 | 15.6 10 158 | 42 | 1.84 | 11.6
305x305%x 137 | 136.9 | 3205 | 309.2 | 138 | 21.7 15.2 246.7 712 | 17.9 9 158 | 38 | 1.82 | 13.3
305x305x 118 | 117.9 | 3145 | 307.4 [ 12.0| 187 15.2 246.7 8.22 | 20.6 8 158 | 34 | 1.81 | 15.3
305 x 305 x 97 96.9 307.9 305.3 9.9 15.4 15.2 246.7 9.91 | 249 7 158 | 32 | 1.79 | 185
254 x 254 x 167 167.1 289.1 265.2 19.2 31.7 12.7 200.3 418 | 10.4 12 134 | 46 | 1.58 9.45
254 x 254 x 132 132.0 | 276.3 261.3 15.3 25.3 12.7 200.3 516 | 13.1 10 134 | 38 | 1.55 1.7
254 x 254 x 107 107.1 | 266.7 258.8 | 128 | 20.5 12.7 200.3 6.31 | 156 8 134 | 34 | 1.52 14.2
254 x 254 x 89 88.9 260.3 256.3 | 10.3 | 17.3 12.7 200.3 741 | 194 7 134| 30 | 1.50 | 16.9
254 x 254 x 73 731 254.1 254.6 8.6 14.2 12.7 200.3 8.96 | 23.3 6 134 | 28 | 149 | 204
203 x 203 x 86 86.1 2222 209.1 12.7 20.5 10.2 160.8 510 | 12.7 8 10| 32 | 1.24 14.4
203 x 203 x 71 71.0 215.8 206.4 | 100 | 17.3 10.2 160.8 5.97 | 16.1 7 110 | 28 | 1.22 17.2
203 x 203 x 60 60.0 209.6 205.8 9.4 14.2 10.2 160.8 725 | 174 7 10| 26 | 1.21 20.1
203 x 203 x 52 52.0 206.2 204.3 7.9 125 10.2 160.8 8.17 | 20.4 6 110 | 24 | 1.20 | 23.0
203 x 203 x 46 46.1 203.2 203.6 7.2 11.0 10.2 160.8 9.25 | 22.3 6 10| 22 | 1.19 | 25.8
162 x 1562 x 37 37.0 161.8 154.4 8.0 1.5 7.6 123.6 6.71 | 155 6 84 | 20 | 0912 | 24.7
152 x 152 x 30 30.0 157.6 152.9 6.5 9.4 7.6 123.6 8.13 | 19.0 5 84 | 18 | 0.901 | 30.0
152 x 152 x 23 23.0 152.4 152.2 5.8 6.8 7.6 123.6 1.2 | 213 5 84 | 16 | 0.889 | 38.7

# Check availability.
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PROPERTIES
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional | Area
Designation of Area of Gyration Modulus Modulus Parameter | Index Constant | Constant of
Section

Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis

X-X y-y XX | yy X-X y-y X-X y-y u X H J A

cm* cm* [ em | em | cm® | cm® | cm® | cm?® dm® cm* cm?
356 x 406 x 634 # | 275000 | 98100 | 18.4 | 11.0 | 11600 | 4630 | 14200 | 7110 0.843 5.46 38.8 13700 808
356 x 406 x 551 # | 227000 | 82700 | 18.0 | 10.9 | 9960 | 3950 | 12100 | 6060 0.841 6.05 31.1 9240 702
356 x 406 x 467 # | 183000 | 67800 | 17.5 | 10.7 | 8380 | 3290 | 10000 | 5030 0.839 6.86 24.3 5810 595
356 x 406 x 393 # | 147000 | 55400 | 17.1 | 10.5 [ 7000 | 2720 | 8220 | 4150 0.837 7.87 18.9 3550 501
356 x 406 x 340 # | 123000 | 46900 | 16.8 | 10.4 | 6030 | 2330 | 7000 | 3540 0.836 8.84 15.5 2340 433
356 x 406 x 287 # | 99900 | 38700 | 16.5 | 10.3 | 5080 | 1940 | 5810 | 2950 0.834 10.2 12.3 1440 366
356 x 406 x 235 # | 79100 | 31000 | 16.3 | 10.2 | 4150 | 1570 | 4690 | 2380 0.835 12.0 9.54 812 299
356 x 368 x 202 # | 66300 | 23700 | 16.1 | 9.60 | 3540 | 1260 | 3970 | 1920 0.844 13.4 7.16 558 257
356 x 368 x 177 # | 57100 | 20500 | 15.9 | 9.54 | 3100 | 1100 | 3460 | 1670 0.843 15.0 6.09 381 226
356 x 368 x 153 # | 48600 | 17600 | 15.8 | 9.49 | 2680 | 948 | 2970 | 1440 0.844 17.0 5.1 251 195
356 x 368 x 129 # | 40300 | 14600 | 15.6 | 9.43 | 2260 | 793 | 2480 | 1200 0.845 19.8 4.18 153 164
305 x 305 x 283 78900 | 24600 | 14.8 | 8.27 | 4320 | 1530 | 5110 | 2340 0.856 7.65 6.35 2030 360
305 x 305 x 240 64200 | 20300 | 14.5 | 8.15 | 3640 | 1280 | 4250 | 1950 0.854 8.74 5.03 1270 306
305 x 305 x 198 50900 | 16300 | 14.2 | 8.04 | 3000 | 1040 | 3440 | 1580 0.854 10.2 3.88 734 252
305 x 305 x 158 38800 | 12600 | 13.9 | 7.90 | 2370 | 808 | 2680 | 1230 0.852 125 2.87 378 201
305 x 305 x 137 32800 | 10700 | 13.7 | 7.83 | 2050 | 692 | 2300 | 1050 0.852 14.1 2.39 249 174
305 x 305 x 118 27700 | 9060 | 13.6 | 7.77 | 1760 | 589 | 1960 | 895 0.851 16.2 1.98 161 150
305 x 305 x 97 22300 | 7310 | 13.4 | 7.69 | 1450 | 479 | 1590 | 726 0.852 19.2 1.56 91.2 123
254 x 254 x 167 30000 | 9870 6.81 | 2080 | 744 | 2420 | 1140 0.851 8.50 1.63 626 213
254 % 254 x 132 22500 | 7530 6.69 | 1630 | 576 | 1870 | 878 0.850 10.3 1.19 319 168
254 x 254 x 107 17500 | 5930 6.59 | 1310 | 458 | 1480 | 697 0.849 12.4 0.898 172 136
254 x 254 x 89 14300 | 4860 6.55 | 1100 | 379 | 1220 | 575 0.851 145 0.717 102 113
254 x 254 x 73 11400 | 3910 6.48 | 898 | 307 | 992 | 465 0.849 17.3 0.562 57.6 93.1
203 x 203 x 86 9450 | 3130 [9.28 | 5.34 | 850 | 299 | 977 | 456 0.849 10.2 0.318 137 110
203 x 203 x 71 7620 | 2540 |9.18 [ 530 | 706 | 246 | 799 | 374 0.853 11.9 0.250 80.2 90.4
203 x 203 x 60 6130 | 2070 |8.96 (520 | 584 | 201 | 656 | 305 0.846 14.1 0.197 47.2 76.4
203 x 203 x 52 5260 1780 | 8.91 [ 5.18 | 510 174 | 567 | 264 0.848 15.8 0.167 31.8 66.3
203 x 203 x 46 4570 1550 | 8.82 | 5.13 | 450 152 | 497 | 231 0.846 17.7 0.143 222 58.7
152 x 1562 x 37 2210 706 |6.85 (387 | 273 | 91.5 | 309 | 140 0.849 13.3 0.0399 19.2 471
152 x 152 x 30 1750 560 |[6.76 [3.83 | 222 | 73.3 | 248 | 112 0.849 16.0 0.0308 10.5 38.3
1562 x 162 x 23 1250 400 6.54 | 3.70 164 52.6 182 | 80.2 0.840 20.7 0.0212 4.63 29.2

#Check availability.
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REDUCED PLASTIC MODULUS UNDER AXIAL LOAD

Section Plastic Major Axis Reduced Modulus Plastic Minor Axis Reduced Modulus
Designation Modulus Modulus

Axis Lower Values Change |Higher Values Axis Lower Values | Change | Higher Values

X-X Of n Formula Of n y-y Of n Formula Of n

Atn= Atn=

cm?® K1 K2 K3 K4 cm?® K1 K2 K3 K4
356 x 406 x 634 # 14200 14200 | 34300 0.189 3850 | 3.98 7110 7110 | 3440 0.280 10600 | 0.617
356 x 406 x 551 # 12100 12100 | 29300 0.192 2940 | 4.43 6060 6060 | 2700 0.273 9120 | 0.610
356 x 406 x 467 # 10000 10000 | 24700 0.193 2150 | 5.05 5030 5030 | 2030 0.263 7630 | 0.607
356 x 406 x 393 # 8220 8220 20500 0.196 1540 | 5.81 4150 4150 | 1500 0.256 6370 | 0.600
356 x 406 x 340 # 7000 7000 17600 0.197 1160 | 6.56 3540 3540 | 1150 0.250 5460 | 0.597
356 x 406 x 287 # 5810 5810 14800 0.198 838 | 7.59 2950 2950 | 849 0.243 4580 | 0.593
356 x 406 x 235 # 4690 4690 12200 0.197 568 | 9.05 2380 2380 | 588 0.234 3710 | 0.593
356 x 368 x 202 # 3970 3970 10000 0.206 441 9.91 1920 1920 | 442 0.240 3060 | 0.573
356 x 368 x 177 # 3460 3460 8830 0.205 341 1.2 1670 1670 | 345 0.235 2670 | 0.573
356 x 368 x 153 # 2970 2970 7710 0.202 256 12.8 1440 1440 | 262 0.229 2290 | 0.575
356 x 368 x 129 # 2480 2480 6490 0.203 183 15.0 1200 1200 | 190 0.225 1930 | 0.570
305 x 305 x 283 5110 5110 12100 0.206 1010 | 5.53 2340 2340 | 889 0.272 3680 | 0.577
305 x 305 x 240 4250 4250 10200 0.208 734 | 6.34 1950 1950 | 663 0.265 3100 | 0.570
305 x 305 x 198 3440 3440 8340 0.210 506 | 7.47 1580 1580 | 469 0.257 2540 | 0.565
305 x 305 x 158 2680 2680 6420 0.217 326 9.11 1230 1230 | 310 0.257 2030 | 0.545
305 x 305 x 137 2300 2300 5510 0.219 246 10.4 1050 1050 | 237 0.254 1750 | 0.539
305 x 305 x 118 1960 1960 4700 0.221 183 1.9 895 895 179 0.251 1510 | 0.531
305 x 305 x 97 1590 1590 3850 0.222 125 14.2 726 726 124 0.247 1240 | 0.523
254 x 254 x 167 2420 2420 5900 0.204 427 | 6.20 1140 1140 | 392 0.261 1790 | 0.580
254 x 254 x 132 1870 1870 4620 0.205 270 | 7.59 878 878 256 0.251 1400 | 0.573
254 x 254 x 107 1480 1480 3630 0.212 180 | 9.12 697 697 174 0.250 1130 0.556
254 x 254 x 89 1220 1220 3120 0.205 125 10.8 575 575 123 0.237 928 0.565
254 x 254 x 73 992 992 2520 0.208 85.1 12.9 465 465 85.3 0.235 763 0.553
203 x 203 x 86 977 977 2370 0.210 144 | 7.48 456 456 135 0.257 733 0.564
203 x 203 x 71 799 799 2040 0.200 99.0 | 8.85 374 374 94.7 0.239 591 0.579
203 x 203 x 60 656 656 1550 0.223 709 | 103 305 305 69.6 0.258 513 0.531
203 x 208 x 52 567 567 1390 0.216 538 | 11.7 264 264 53.3 0.246 439 0.541
203 x 203 x 46 497 497 1200 0.222 424 | 131 231 231 42.4 0.249 392 0.525
152 x 152 x 37 309 309 694 0.236 359 | 9.61 140 140 34.3 0.275 241 0.508
152 x 152 x 30 248 248 563 0.236 239 | 116 12 12 23.2 0.268 195 0.503
152 x 152 x 23 182 182 369 0.275 14.0 | 149 80.2 80.2 | 14.0 0.302 157 0.416

# Check availability.

n = F/(A py), where F is the factored axial load, A is the gross cross sectional area and p, is the design strength of the section.

For lower values of n, the reduced plastic modulus, S, = K1 — K2.n?, for both major and minor axis bending.
For higher values of n, the reduced plastic modulus, S, = K3(1 — n)(K4 + n), for both major and minor axis bending.
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Section Mass | Depth | Width Thickness Radii Depth Ratios for Dimensions for Surface Area
Designation per of of between | Local Buckling Detailing
Metre | Section | Section | Web | Flange | Root | Toe | Fillets Per Per
Flange | Web End Notch Metre | Tonne
Clearance
D B t T r r d b/T dit Cc N n
kg/m mm mm mm [ mm | mm | mm mm mm mm [mm | m? m?
254 x 203 x 82 # | 82.0 | 254.0 2032 | 102 199 [19.6 | 9.7 166.6 5.11 16.3 7 104 | 44 | 1.21 14.8
254 x 114 x 371 | 37.2 | 254.0 114.3 7.6 128 | 124 | 6.1 199.3 4.46 | 26.2 6 60 | 28 | 0.899 | 24.2
203 x 152 x 52 # | 52.3 | 203.2 1524 | 8.9 165 | 155 | 7.6 133.2 4.62 | 15.0 6 78 | 36 | 0.932 | 17.8
162 x 127 x 37 # | 37.3 152.4 127.0 [ 104 | 13.2 135 | 6.6 94.3 4.81 9.07 7 66 | 30 | 0.737 | 19.8
127 x 114 x29 # | 29.3 | 127.0 1143 | 102 115 9.9 |48 79.5 4.97 | 7.79 7 60 | 24 | 0.646 | 22.0
127 x 114 x 27 # | 26.9 | 127.0 1143 | 74 1.4 9.9 | 5.0 79.5 5.01 | 10.7 6 60 | 24 | 0.650 | 24.2
127 x76 x 16 § 16.5 | 127.0 76.2 5.6 9.6 9.4 | 46 86.5 3.97 | 154 5 42 | 22 |0.512 | 31.0
M4 x114x27 % | 271 114.3 1143 | 9.5 10.7 | 142 | 3.2 60.8 5.34 | 6.40 7 60 | 28 | 0.618 | 22.8
102 x 102 x 23 # | 23.0 | 101.6 1016 | 95 10.3 | 11.1 | 3.2 55.2 4.93 |5.81 7 54 | 24 | 0.549 | 23.9
102 x 44 x 7 # 7.5 101.6 445 4.3 6.1 6.9 |33 74.6 3.65 | 173 4 28 | 14 [ 0.350 | 46.6
89 x 89 x 19 # 19.5 88.9 88.9 9.5 9.9 1.1 | 3.2 44.2 4.49 | 4.65 7 46 | 24 | 0.476 | 24.4
76 x76 x 15 £ 15.0 76.2 80.0 8.9 8.4 9.4 |46 38.1 476 | 4.28 6 42 | 20 [ 0.419 | 27.9
76 x 76 x 13 # 12.8 76.2 76.2 5.1 8.4 94 |46 38.1 4.54 | 7.47 5 42 | 20 | 0.411 | 321

1 Not available from some leading producers. Check availability.

#Check availability.
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Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section

Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis

X-X y-y X-X y-y X-X y-y X-X y-y u X H J A

cm* cm* | cm cm cm® | em® | em® | cm® dm® cm* cm?
254 x 203 x 82 # | 12000 | 2280 | 10.7 | 4.67 947 | 224 | 1080 | 371 0.888 11.0 0.312 152 105
254 x 114 x37F | 5080 | 269 | 10.4 | 2.39 | 400 | 47.1 | 459 | 791 0.885 18.7 0.0392 25.2 47.3
203 x 152 x 52 # | 4800 | 816 | 8.49 | 3.50 | 472 | 107 | 541 176 0.890 10.7 0.0711 64.8 66.6
162 x 127 x 37 # | 1820 | 378 | 6.19 | 2.82 | 239 | 59.6 | 279 | 99.8 0.867 9.33 0.0183 33.9 475
127 x 114 x 29 # 979 242 | 512 | 254 | 154 | 423 | 181 | 70.8 0.853 8.77 0.00807 20.8 37.4
127 x 114 x 27 # 946 236 | 5.26 | 2.63 149 | 41.3 172 | 68.2 0.868 9.31 0.00788 16.9 34.2
127 x76 x 16 £ 571 60.8 | 5.21 1.70 | 90.0 | 16.0 104 | 26.4 0.891 11.8 0.00210 6.72 211
114 x 114 x 27 £ 736 224 | 462 | 255 | 129 | 39.2 | 151 | 65.8 0.839 7.92 0.00601 18.9 345
102 x 102 x 23 # 486 154 | 407 | 229 | 956 | 30.3 | 113 | 50.6 0.836 7.42 0.00321 14.2 29.3
102 x 44 x 7 # 153 7.82 | 4.01 | 0.907 | 30.1 | 3.51 | 35.4 | 6.03 0.872 14.9 0.000178 1.25 9.50
89 x 89 x 19 # 307 101 | 3.51 | 2.02 | 69.0 | 22.8 | 82.7 | 38.0 0.830 6.58 0.00158 11.5 24.9
76 x76 x 15 % 172 60.9 [ 3.00 | 1.78 | 452 | 156.2 | 54.2 | 25.8 0.820 6.42 0.000700 6.83 191
76 x 76 x 13 # 158 518 | 3.12 | 1.79 | 415 | 13.6 | 48.7 | 22.4 0.853 7.21 0.000595 4.59 16.2

1 Not available from some leading producers. Check availability.
# Check availability.
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REDUCED PLASTIC MODULUS UNDER AXIAL LOAD
Section Plastic Major Axis Reduced Modulus Plastic Minor Axis Reduced Modulus
Designation Modulus Modulus

Axis Lower Values Change Higher Values Axis Lower Values | Change | Higher Values

X=X Of n Formula Of n y-y Of n Formula Of n

Atn=

cm?® K1 K2 Atn,= | Atn,= K3 K4 cm K1 K2 K3 K4
254 x 203 x 82 # 1080 1080 | 2680 0.195 0.504 134 8.88 371 371 107 0.248 597 | 0.548
254 x 114 x 37 £ 459 459 737 0.354 0.576 49.0 1.3 791 79.1 | 2241 0.408 190 | 0.236
203 x 152 x 52 # 541 541 1250 0.213 0.490 72.7 8.30 176 176 545 0.272 292 0.511
152 x 127 x 37 # 279 279 542 0.256 0.533 444 | 715 99.8 99.8 | 37.0 0.334 186 | 0.412
127 x 114 x 29 # 181 181 342 0.262 0.542 30.5 6.77 70.8 70.8 | 27.5 0.347 132 0.407
127 x 114 x 27 # 172 172 396 0.208 0.507 256 | 7.48 68.2 68.2 | 23.1 0.275 112 | 0.523
127 x 76 x 16 104 104 198 0.272 0.500 146 | 8.18 26.4 26.4 | 8.75 0.337 50.3 | 0.388
M4 x 114 x 27 £ 151 151 313 0.234 0.557 26.0 6.58 65.8 65.8 | 26.0 0.315 121 0.420
102 x 102 x 23 # 113 13 226 0.239 0.534 212 | 6.04 50.6 50.6 | 21.2 0.329 90.8 | 0.428
102 x 44 x 7 # 354 35.4 52.5 0.391 0.575 5.07 | 852 6.03 6.03 | 2.22 0.460 16.1 | 0.143
89 x 89 x 19 # 82.7 82.7 163 0.240 0.515 17.4 | 5.36 38.0 38.0 | 17.4 0.340 67.9 | 0.416
76 x76 x 15 ¢ 54.2 54.2 103 0.250 0.533 1.4 5.37 25.8 25.8 | 12.0 0.354 47.4 | 0.404
76 x 76 x 13 # 48.7 48.7 129 0.170 0.463 8.66 | 6.15 22.4 224 | 8.66 0.239 34.2 | 0.576

1 Not available from some leading producers. Check availability.

# Check availability.

n = F/(A p,), where F is the factored axial load, A is the gross cross sectional area and p, is the design strength of the section.
For values of n lower than ny, the reduced plastic modulus, S = Sy = K1 — K2.n?, for major axis bending.

For values of n higher than n,, the reduced plastic modulus, S, = Sy, = K3(1 — n)(K4 + n), for major axis bending.

For values of n between n; and n,, the reduced plastic modulus, S = Sy + (Sxe — Swt)(n — Ny)/(n; — ny), for major axis bending.

For lower values of n, the reduced plastic modulus, S,, = K1 — K2.n?, for minor axis bending.
For higher values of n, the reduced plastic modulus, S,, = K3(1 - n)(K4 + n), for minor axis bending.
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Section Mass | Depth | Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section | Web | Flange Fillets Per Per
Flange | Web End Notch Metre | Tonne
Clearance
D B t T r d b/T dit C N n

kg/m | mm mm mm mm mm mm mm mm [ mm | m? m?

356 x 368 x 174 # | 173.9| 361.4 | 3785 |20.3 | 204 15.2 290.2 9.28 14.3 12 190 | 36 | 2.17 12.5
356 x 368 x 152 # | 152.0 | 356.4 376.0 [17.8 17.9 15.2 290.2 10.5 16.3 " 190 | 34 | 2.16 14.2
356 x 368 x 133 # | 133.0| 352.0 | 373.8 | 156 | 15.7 15.2 290.2 1.9 18.6 10 190 | 32 | 2.14 16.1
356 x 368 x 109 # | 108.9| 346.4 | 371.0 | 128 | 129 15.2 290.2 14.4 22.7 8 190 | 30 | 2.13 19.5
305 x 305 x 223 # | 222.9| 337.9 | 325.7 |30.3 | 304 15.2 246.7 5.36 8.14 17 158 | 46 | 1.89 8.49
305 x 305 x 186 # | 186.0 | 328.3 | 3209 |25.5 | 25.6 15.2 246.7 6.27 9.67 15 158 | 42 | 1.86 10.0
305 x 305 x 149 # | 149.1| 3185 | 316.0 |20.6 | 20.7 15.2 246.7 7.63 12.0 12 158 | 36 | 1.83 12.3
305 x 305 x 126 # | 126.1| 3123 | 3129 | 175 | 17.6 15.2 246.7 8.89 141 " 158 | 34 | 1.82 14.4
305 x 305 x 110 # | 110.0| 307.9 | 310.7 | 153 | 154 15.2 246.7 10.1 16.1 10 158 | 32 | 1.80 16.4
305 x 305 x 95 # 94.9 | 303.7 | 308.7 [ 13.3 | 13.3 15.2 246.7 1.6 18.5 9 158 | 30 | 1.79 18.9
305 x 305 x 88 # 88.0 | 301.7 | 307.8 | 124 | 123 15.2 246.7 125 19.9 8 158 | 28 | 1.78 20.3
305 x 305 x 79 # 78.9 | 299.3 306.4 | 11.0 1.1 15.2 246.7 13.8 22.4 8 158 | 28 1.78 225
254 x 254 x 85 # 85.1 | 254.3 | 260.4 |14.4 | 143 12.7 200.3 9.10 13.9 9 134 | 28 | 1.50 17.6
254 x 254 x 71 # 71.0 | 249.7 | 258.0 | 12.0 | 12.0 12.7 200.3 10.8 16.7 8 134 | 26 | 1.49 20.9
254 x 254 x 63 # 63.0 | 247.1 256.6 | 10.6 | 10.7 127 200.3 12.0 18.9 7 134 | 24 | 1.48 23.5
203 x 203 x 54 # 53.9 | 204.0 | 207.7 | 11.3 1.4 10.2 160.8 9.11 14.2 8 10| 22 | 1.20 | 22.2
203 x 203 x 45 # 449 | 200.2 | 2059 | 9.5 9.5 10.2 160.8 10.8 16.9 7 110 | 20 | 1.19 26.4

#Check availability.
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Section Second Moment|  Radius Elastic Plastic Buckling | Torsional | Warping | Torsional | Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis
X-X y-y XX | yy X-X y-y X-X y-y u X H J A
cm? cm* [ em [ em | cm® | cm® [ cm® | cm?® dm® cm* cm?
356 x 368 x 174 # | 51000 | 18500 | 15.2 | 9.13 | 2820 | 976 | 3190 | 1500 0.822 15.8 5.37 330 221
356 x 368 x 152 # | 44000 | 15900 | 15.1 | 9.05 | 2470 | 845 | 2770 | 1290 0.821 17.9 4.55 223 194
356 x 368 x 133 # | 38000 | 13700 | 15.0 | 8.99 | 2160 | 732 | 2410 [ 1120 0.823 20.1 3.87 151 169
356 x 368 x 109 # | 30600 | 11000 | 14.9 | 8.90 | 1770 | 592 | 1960 | 903 0.822 242 3.05 84.6 139
305 x 305 x 223 # | 52700 | 17600 | 13.6 | 7.87 | 3120 | 1080 | 3650 | 1680 0.826 9.55 4.15 943 284
305 x 305 x 186 # | 42600 | 14100 | 13.4 | 7.73 | 2600 | 881 | 3000 [ 1370 0.827 1.1 3.24 560 237
305 x 305 x 149 # | 33100 | 10900 | 13.2 | 7.58 | 2080 | 691 | 2370 [ 1070 0.828 135 2.42 295 190
305 x 305 x 126 # | 27400 | 9000 |13.1 | 7.49 | 1760 | 575 | 1990 | 885 0.828 15.7 1.95 182 161
305 x 305 x 110 # | 23600 | 7710 | 13.0 | 7.42 | 1530 | 496 | 1720 | 762 0.830 17.7 1.65 122 140
305 x 305 x 95 # | 20000 | 6530 | 12.9 | 7.35 | 1320 | 423 | 1470 | 648 0.830 20.2 1.38 80.0 121
305 x 305 x 88 # | 18400 | 5980 | 12.8 | 7.31 | 1220 | 389 | 1360 | 595 0.830 21.6 1.25 64.2 112
305 x 305 x 79 # | 16400 | 5330 |12.8 | 7.28 | 1100 | 348 | 1220 | 531 0.834 23.8 1.1 46.9 100
254 x 254 x 85 # | 12300 | 4220 | 10.6 | 6.24 | 966 | 324 | 1090 | 498 0.826 15.6 0.607 81.8 108
254 x 254 x 71 # | 10100 | 3440 | 10.6 | 6.17 | 807 | 267 | 904 | 409 0.826 18.4 0.486 48.4 90.4
254 x 254 x 63 # 8860 | 3020 | 10.5| 6.13 | 717 | 235 | 799 | 360 0.827 20.5 0.421 34.3 80.2
203 x 203 x 54 # 5030 | 1710 | 8.55 | 4.98 | 493 | 164 | 557 | 252 0.827 15.8 0.158 32.7 68.7
203 x 203 x 45 # 4100 | 1380 |8.46 | 492 | 410 | 134 | 459 | 206 0.828 18.6 0.126 19.2 57.2

# Check availability.
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UNIVERSAL BEARING PILES

REDUCED PLASTIC MODULUS UNDER AXIAL LOAD

Section Plastic Major Axis Reduced Modulus Plastic Minor Axis Reduced Modulus
Designation Modulus Modulus
Axis Lower Values | Change | Higher Values Axis Lower Values [ Change | Higher Values
X-X Of n Formula Of n yy Of n Formula Of n
Atn= Atn=

cm?® K1 K2 K3 K4 cm?® K1 K2 K3 K4
356 x 368 x 174 # 3190 3190 | 6040 | 0.294 324 11.4 1500 1500 | 339 0.331 3010 | 0.394
356 x 368 x 152 # 2770 2770 | 5270 | 0.295 249 12.8 1290 1290 | 263 0.328 2620 | 0.390
356 x 368 x 133 # 2410 2410 | 4600 | 0.295 192 14.5 1120 1120 | 204 0.324 2280 | 0.386
356 x 368 x 109 # 1960 1960 | 3760 | 0.296 130 17.5 903 903 | 139 0.320 1870 | 0.380
305 x 305 x 223 # 3650 3650 | 6650 | 0.296 619 6.75 1680 1680 | 597 0.361 3320 | 0.395
305 x 305 x 186 # 3000 3000 | 5500 | 0.298 437 7.89 1370 1370 | 428 0.353 2740 | 0.387
305 x 305 x 149 # 2370 2370 | 4380 | 0.301 285 9.60 1070 1070 | 283 0.346 2180 | 0.378
305 x 305 x 126 # 1990 1990 | 3690 | 0.302 206 11.2 885 885 | 207 0.340 1830 | 0.371
305 x 305 x 110 # 1720 1720 | 3210 | 0.303 158 12.7 762 762 | 159 0.336 1590 | 0.366
305 x 305 x 95 # 1470 1470 | 2750 | 0.305 118 14.5 648 648 | 120 0.334 1380 | 0.358
305 x 305 x 88 # 1360 1360 | 2530 | 0.307 102 15.6 595 595 | 104 0.334 1280 | 0.351
305 x 305 x 79 # 1220 1220 | 2300 | 0.303 82.4 17.3 531 531 | 84.3 | 0.328 1140 | 0.354
254 x 254 x 85 # 1090 1090 | 2040 | 0.300 113 11.2 498 498 | 115 0.338 1030 | 0.375
254 x 254 x 71 # 904 904 | 1700 | 0.300 79.2 13.3 409 409 | 81.8 | 0.332 851 | 0.370
254 x 254 x 63 # 799 799 | 1520 | 0.298 62.7 14.8 360 360 | 65.1 0.327 752 | 0.369
203 x 203 x 54 # 557 557 | 1050 | 0.298 56.8 11.3 252 252 | 579 | 0.335 518 | 0.378
203 x 203 x 45 # 459 459 862 0.301 39.8 134 206 206 | 40.9 | 0.332 431 | 0.367

# Check availability.

n = F/(A py), where F is the factored axial load, A is the gross cross sectional area and py is the design strength of the section.
For lower values of n, the reduced plastic modulus, S, = K1 — K2.n?, for both major and minor axis bending.

For higher values of n, the reduced plastic modulus, S, = K3(1 — n) (K4 + n), for both major and minor axis bending.
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Section Mass | Area Ratio Second | Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus | Constants
Metre | Section Local of Area | Gyration Per Per
Outside | Thickness Buckling Metre | Tonne
Diameter
D t A D/t | r z S J C
mm mm kg/m cm? cm* cm cm® cm® cm* | cm® m? m?
26.9 3.2~ 1.87 2.38 8.41 1.70 0.846 1.27 1.81 3.41 | 253 | 0.0845 | 452
42.4 3.2~ 3.09 3.94 13.3 7.62 1.39 3.59 4.93 156.2 | 7.19 0.133 43.0
48.3 3.2~ 3.56 4.53 151 1.6 1.60 4.80 6.52 23.2 | 9.59 0.152 42.7
4.0 ~ 4.37 5.57 121 13.8 1.57 5.70 7.87 275 | 114 0.152 34.8
5.0 ~ 5.34 6.80 9.66 16.2 1.54 6.69 9.42 323 | 134 0.152 285
60.3 3.2~ 4.51 5.74 18.8 235 2.02 7.78 10.4 46.9 | 15.6 0.189 41.9
5.0 ~ 6.82 8.69 121 33.5 1.96 1.1 15.3 67.0 | 22.2 0.189 27.7
76.1 29" 5.24 6.67 26.2 44.7 2.59 1.8 15.5 89.0 | 235 0.239 45.6
3.2 ~ 5.75 7.33 23.8 48.8 2.58 12.8 17.0 97.6 | 25.6 0.239 41.6
4.0 ~ 71 9.06 19.0 59.1 2.55 15.5 20.8 118 | 31.0 0.239 33.6
5.0 ~ 8.77 1.2 15.2 70.9 2.52 18.6 25.3 142 | 37.3 0.239 27.3
88.9 3.2~ 6.76 8.62 27.8 79.2 3.03 17.8 235 158 | 35.6 0.279 41.3
4.0 ~ 8.38 10.7 22.2 96.3 3.00 217 28.9 193 | 43.3 0.279 33.3
5.0 ~ 10.4 13.2 17.8 116 2.97 26.2 35.2 233 | 52.4 0.279 27.0
6.3 ~ 12.8 16.3 141 140 2.93 31.5 431 280 | 63.1 0.279 21.7
114.3 3.2~ 8.77 1.2 35.7 172 3.93 30.2 39.5 345 | 60.4 0.359 40.9
3.6 9.83 125 31.8 192 3.92 33.6 441 384 | 67.2 | 0.359 | 36.5
5.0 13.5 17.2 229 257 3.87 45.0 59.8 514 | 89.9 0.359 26.6
6.3 16.8 21.4 18.1 313 3.82 54.7 73.6 625 | 109 0.359 21.4
139.7 5.0 16.6 21.2 27.9 481 4.77 68.8 90.8 961 138 0.439 26.4
6.3 20.7 26.4 22.2 589 4.72 84.3 112 1180 | 169 0.439 21.2
8.0 ~ 26.0 33.1 17.5 720 4.66 103 139 1440 | 206 0.439 16.9
10.0 ~ 32.0 40.7 14.0 862 4.60 123 169 1720 | 247 0.439 13.7
168.3 5.0 ~ 20.1 25.7 33.7 856 5.78 102 133 1710 | 203 0.529 26.3
6.3 ~ 25.2 32.1 26.7 1050 5.73 125 165 2110 | 250 0.529 21.0
8.0 ~ 31.6 40.3 21.0 1300 5.67 154 206 2600 | 308 0.529 16.7
10.0 ~ 39.0 49.7 16.8 1560 5.61 186 251 3130 | 372 0.529 13.6
193.7 5.0 ~ 23.3 29.6 38.7 1320 6.67 136 178 2640 | 273 0.609 26.1
6.3 ~ 291 371 30.7 1630 6.63 168 221 3260 | 337 | 0.609 | 20.9
8.0 ~ 36.6 46.7 242 2020 6.57 208 276 4030 | 416 0.609 16.6
10.0 ~ 45.3 57.7 19.4 2440 6.50 252 338 4880 | 504 0.609 13.4

~ Check availability in S275.
~ Check availability in S355.
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DIMENSIONS AND PROPERTIES
Section Mass | Area Ratio Second Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus Constants
Metre | Section Local of Area | Gyration Per Per
Outside | Thickness Buckling Metre | Tonne
Diameter
D t A D/t | r z S J [}
mm mm kg/m cm? cm? cm cm?® cm?® cm? cm?® m? m?
2191 5.0 ~ 26.4 33.6 43.8 1930 7.57 176 229 3860 352 | 0.688 | 26.1
6.3 ~ 33.1 421 34.8 2390 7.53 218 285 4770 436 | 0.688 | 20.8
8.0 ~ 41.6 53.1 27.4 2960 7.47 270 357 5920 540 | 0.688 16.5
10.0 ~ 51.6 65.7 21.9 3600 7.40 328 438 7200 657 | 0.688 13.3
12.5 ~ 63.7 81.1 17.5 4350 7.32 397 534 8690 793 | 0.688 | 10.8
2445 12.0 ~ 68.8 87.7 20.4 5940 8.23 486 649 11900 972 | 0.768 1.2
273.0 50 ~ 33.0 421 54.6 3780 9.48 277 359 7560 554 | 0.858 | 26.0
6.3 41.4 52.8 43.3 4700 9.43 344 448 9390 688 | 0.858 | 20.1
8.0 ~ 52.3 66.6 34.1 5850 9.37 429 562 11700 857 | 0.858 16.4
10.0 64.9 82.6 27.3 7150 9.31 524 692 14300 | 1050 | 0.858 13.2
125 80.3 102 21.8 8700 9.22 637 849 17400 | 1270 | 0.858 101
16.0 ~ 101 129 171 10700 9.10 784 1060 21400 | 1570 | 0.858 | 8.46
323.9 6.3 ~ 49.3 62.9 51.4 7930 1.2 490 636 15900 979 1.02 20.7
8.0 ~ 62.3 79.4 40.5 9910 1.2 612 799 19800 | 1220 | 1.02 16.4
10.0 ~ 77.4 98.6 32.4 12200 1.1 751 986 24300 | 1500 | 1.02 13.2
125 ~ 96.0 122 259 14800 11.0 917 1210 29700 | 1830 | 1.02 10.6
16.0 122 155 20.2 18400 10.9 1140 1520 36800 | 2270 | 1.02 8.40
406.4 6.3 ~ 62.2 79.2 64.5 15900 1441 780 1010 31700 | 1560 | 1.28 20.6
8.0 ~ 78.6 100 50.8 19900 141 978 1270 39700 | 1960 | 1.28 16.3
10.0 ~ 97.8 125 40.6 24500 14.0 1210 1570 49000 | 2410 | 1.28 131
12.5 ~ 121 155 325 30000 13.9 1480 1940 60100 | 2960 | 1.28 10.5
16.0 154 196 25.4 37500 13.8 1840 2440 74900 | 3690 | 1.28 8.31
457.0 8.0 ~ 88.6 13 571 28500 15.9 1250 1610 56900 | 2490 | 1.44 16.3
10.0 ~ 110 140 45.7 35100 15.8 1540 2000 70200 | 3070 | 1.44 131
12.5 ~ 137 175 36.6 43100 15.7 1890 2470 86300 | 3780 | 1.44 10.5
16.0 174 222 28.6 54000 15.6 2360 3110 108000 | 4730 | 1.44 8.28
508.0 8.0 ~ 98.6 126 63.5 39300 17.7 1550 2000 78600 | 3090 | 1.60 16.2
10.0 ~ 128 156 50.8 48500 17.6 1910 2480 97000 | 3820 | 1.60 13.0
125 153 195 40.6 59800 17.5 2350 3070 | 120000 | 4710 | 1.60 10.5
16.0 ~ 194 247 31.8 74900 17.4 2950 3870 150000 | 5900 | 1.60 8.25
20.0 ~ 241 307 25.4 91400 17.3 3600 4770 183000 | 7200 | 1.60 6.64

~ Check availability in S275.
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HOT-FINISHED
SQUARE HOLLOW SECTIONS

D
DIMENSIONS AND PROPERTIES
Section Mass | Area Ratio Second | Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus Constants
Metre | Section Local of Area | Gyration Per Per
Size Thickness Buckling Metre | Tonne
D xD t A i | r z S J o]
mm mm kg/m cm? cm* cm cm® cm® cm* | cm® m? m?
40 x 40 3.0 ~ 3.41 4.34 10.3 9.78 1.50 4.89 5.97 15.7 | 7.10 | 0.152 44.6
3.2 ~ 3.61 4.60 9.50 10.2 1.49 511 6.28 16.5 7.42 | 0.152 421
4.0 4.39 5.59 7.00 1.8 1.45 5.91 7.44 19.5 8.54 | 0.150 342
5.0~ 5.28 6.73 5.00 13.4 141 6.68 8.66 225 | 9.60 | 0.147 | 27.8
50 x 50 3.0 ~ 4.35 5.54 137 20.2 1.91 8.08 9.70 32.1 11.8 | 0.192 441
3.2 ~ 4.62 5.88 12.6 21.2 1.90 8.49 10.2 33.8 12.4 | 0.192 41.6
4.0 5.64 719 9.50 25.0 1.86 9.99 12.3 40.4 145 | 0.190 33.7
5.0 6.85 8.73 7.00 28.9 1.82 1.6 145 47.6 16.7 | 0.187 | 27.3
6.3 ~ 8.31 10.6 4.94 32.8 1.76 13.1 17.0 55.2 18.8 | 0.184 | 22.1
60 x 60 3.0 ~ 5.29 6.74 17.0 36.2 2.32 121 14.3 56.9 17.7 | 0.232 43.9
3.2~ 5.62 716 15.8 38.2 2.31 12.7 15.2 60.2 18.6 | 0.232 41.3
4.0 ~ 6.90 8.79 12.0 45.4 2.27 15.1 18.3 725 | 22.0 | 0.230 33.3
5.0 8.42 10.7 9.00 53.3 2.23 17.8 219 86.4 | 25.7 | 0.227 | 27.0
6.3 ~ 10.3 13.1 6.52 61.6 217 20.5 26.0 102 296 | 0.224 | 21.7
8.0 ~ 125 16.0 4.50 69.7 2.09 23.2 30.4 118 334 | 0.219 175
70 x 70 3.6 ~ 7.40 9.42 16.4 68.6 2.70 19.6 23.3 108 28.7 | 0.271 36.6
5.0 ~ 9.99 12.7 11.0 88.5 2.64 25.3 30.8 142 36.8 | 0.267 | 26.7
6.3 ~ 12.3 15.6 8.11 104 2.58 29.7 36.9 169 429 | 0.264 | 215
8.0 ~ 15.0 19.2 5.75 120 2.50 34.2 43.8 200 49.2 | 0.259 17.3
80 x 80 3.6 ~ 8.53 10.9 19.2 105 3.1 26.2 31.0 164 38.5 | 0.311 36.5
4.0 ~ 9.41 12.0 17.0 114 3.09 28.6 34.0 180 41.9 | 0.310 32.9
5.0 ~ 1.6 147 13.0 137 3.05 34.2 411 217 49.8 | 0.307 | 26.6
6.3 ~ 142 18.1 9.70 162 2.99 40.5 49.7 262 58.7 | 0.304 | 21.4
8.0 ~ 17.5 224 7.00 189 291 47.3 59.5 312 68.3 | 0.299 171
90 x 90 3.6 ~ 9.66 12.3 22.0 152 3.52 33.8 39.7 237 49.7 | 0.351 36.3
4.0 ~ 10.7 13.6 19.5 166 3.50 37.0 43.6 260 54.2 | 0.350 32.7
5.0 ~ 13.1 16.7 15.0 200 3.45 44.4 53.0 316 64.8 | 0.347 | 26.5
6.3 ~ 16.2 20.7 1.3 238 3.40 53.0 64.3 382 77.0 | 0.344 21.2
8.0 ~ 20.1 25.6 8.25 281 3.32 62.6 77.6 459 90.5 | 0.339 16.9
100 x 100 4.0 1.9 15.2 22.0 232 3.91 46.4 54.4 361 68.2 | 0.390 32.8
5.0 14.7 18.7 17.0 279 3.86 55.9 66.4 439 | 81.8 | 0.387 | 26.3
6.3 18.2 23.2 12.9 336 3.80 67.1 80.9 534 97.8 | 0.384 | 211
8.0 ~ 22.6 28.8 9.50 400 3.73 79.9 98.2 646 116 | 0.379 16.8
10.0 27.4 34.9 7.00 462 3.64 92.4 116 761 133 | 0.374 13.6
120 x 120 5.0 ~ 17.8 22.7 21.0 498 4.68 83.0 97.6 777 122 | 0.467 | 26.2
6.3 222 28.2 16.0 603 4.62 100 120 950 147 | 0.464 20.9
8.0 ~ 27.6 35.2 12.0 726 4.55 121 147 1160 176 | 0.459 16.6
10.0 ~ 33.7 429 9.00 852 4.46 142 175 1380 | 206 | 0.454 13.5
125 ~ 40.9 52.1 6.60 982 4.34 164 207 1620 | 236 | 0.448 11.0

~ Check availability in S275.
M For local buckling calculation d = D — 3t.
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HOT-FINISHED
SQUARE HOLLOW SECTIONS
D
DIMENSIONS AND PROPERTIES
Section Mass | Area Ratio Second Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus Constants
Metre | Section Local of Area | Gyration Per Per
Size Thickness Buckling Metre | Tonne
DxD t A dan® | r z S J C

mm mm kg/m | cm? cm* cm cm?® cm?® cm?* cm® | m? m?
140 x 140 5.0~ 21.0 26.7 25.0 807 5.50 115 135 1250 170 | 0.547 | 26.0
6.3 ~ 26.1 33.3 19.2 984 5.44 141 166 1540 206 | 0.544 | 20.8

8.0 ~ 32.6 416 14.5 1200 5.36 171 204 1890 249 | 0.539 | 16.5

10.0 ~ 40.0 50.9 11.0 1420 5.27 202 246 2270 294 | 0.534 | 134

12.5 ~ 48.7 62.1 8.20 1650 5.16 236 293 2700 342 | 0.528 | 10.8

150 x 150 50~ 226 28.7 27.0 1000 5.90 134 156 1550 197 | 0.587 | 26.0
6.3 28.1 35.8 20.8 1220 5.85 163 192 1910 240 | 0.584 | 20.8

8.0 ~ 35.1 44.8 15.8 1490 5.77 199 237 2350 291 | 0579 | 16.5

10.0 431 54.9 12.0 1770 5.68 236 286 2830 344 | 0.574 | 13.3

12.5 ~ 52.7 67.1 9.00 2080 557 277 342 3370 402 | 0.568 | 10.8

16.0 65.2 83.0 6.38 2430 5.41 324 411 4030 467 | 0.559 | 8.57

160 x 160 5.0 ~ 241 30.7 29.0 1230 6.31 153 178 1890 226 | 0.627 | 26.0
6.3 ~ 30.1 38.3 224 1500 6.26 187 220 2330 275 | 0.624 | 20.7

8.0 ~ 37.6 48.0 17.0 1830 6.18 229 272 2880 335 | 0.619 | 165

10.0 ~ 46.3 58.9 13.0 2190 6.09 273 329 3480 398 | 0.614 | 13.3

125 ~ 56.6 721 9.80 2580 5.98 322 395 4160 467 | 0.608 | 10.7

180 x 180 6.3 ~ 34.0 43.3 25.6 2170 7.07 241 281 3360 355 | 0.704 | 20.7
8.0 ~ 42.7 54.4 19.5 2660 7.00 296 349 4160 434 | 0.699 | 16.4

10.0 ~ 52.5 66.9 15.0 3190 6.91 355 424 5050 518 | 0.694 | 13.2

125 ~ 64.4 82.1 1.4 3790 6.80 421 511 6070 613 | 0.688 | 10.7

16.0 ~ 80.2 102 8.25 4500 6.64 500 621 7340 724 | 0.679 | 8.47

200 x 200 5.0 ~ 30.4 38.7 37.0 2450 7.95 245 283 3760 362 | 0.787 | 25.9
6.3 ~ 38.0 48.4 28.7 3010 7.89 301 350 4650 444 | 0.784 | 20.6

8.0 ~ 477 60.8 22.0 3710 7.81 371 436 5780 545 | 0.779 | 16.3

10.0 58.8 749 17.0 4470 7.72 447 531 7030 655 | 0.774 | 13.2

12.5 ~ 72.3 92.1 13.0 5340 7.61 534 643 8490 778 | 0.768 | 10.6

16.0 ~ 90.3 115 9.50 6390 7.46 639 785 10300 | 927 | 0.759 | 8.41

250 x 250 6.3 ~ 479 61.0 36.7 6010 9.93 481 556 9240 712 | 0.984 | 205
8.0 ~ 60.3 76.8 28.3 7460 9.86 596 694 11500 | 880 | 0.979 | 16.2

10.0 ~ 74.5 94.9 22.0 9060 9.77 724 851 14100 | 1070 | 0.974 | 13.1

12.5 ~ 91.9 117 17.0 10900 9.66 873 1040 17200 | 1280 | 0.968 | 10.5

16.0 ~ 115 147 12.6 13300 9.50 1060 1280 21100 | 1550 | 0.959 | 8.31

300 x 300 6.3 ~ 57.8 736 44.6 10500 12.0 703 809 16100 | 1040 | 1.18 | 20.4
8.0 ~ 72.8 92.8 34.5 13100 11.9 875 1010 20200 | 1290 [ 1.18 16.2

10.0 ~ 90.2 115 27.0 16000 11.8 1070 1250 24800 | 1580 | 1.17 13.0

12.5 ~ 112 142 21.0 19400 1.7 1300 1530 30300 | 1900 10.5

16.0 ~ 141 179 15.8 23900 1.5 1590 1900 37600 | 2330 8.26

350 x 350 8.0 ~ 85.4 109 40.8 21100 13.9 1210 1390 32400 | 1790 | 1.38 16.2
10.0 ~ 106 135 32.0 25900 13.9 1480 1720 39900 | 2190 | 1.37 12.9

12,5 ~ 131 167 25.0 31500 13.7 1800 2110 48900 | 2650 [ 1.37 10.5

16.0 ~ 166 211 18.9 38900 13.6 2230 2630 61000 | 3260 | 1.36 | 8.19

400 x 400 10.0 ~ 122 155 37.0 39100 15.9 1960 2260 60100 | 2900 | 1.57 12.9
125 151 192 29.0 48700 15.8 2390 2780 73900 | 3530 | 1.57 10.4

16.0 ~ 191 243 22.0 59300 15.6 2970 3480 92400 | 4360 | 1.56 | 8.17

20.0 ~ 235 300 17.0 71500 15.4 3580 4250 | 113000 | 5240 | 1.55 6.60

~ Check availability in S275.
(M For local buckling calculation d = D - 3t.
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Section Mass | Area Ratios for Second Radius of Elastic Plastic Torsional Surface Area
Designation per of Local Moment Gyration Modulus Modulus Constants
Metre | Section Buckling of Area Per Per
Size Thickness Axis | Axis | Axis | Axis | Axis | Axis Metre | Tonne
Axis | Axis | x-x | y-y XX | yy | xx | yy
DxB t A dit® | oA"Y | x-x | y-y J C
mm mm kg/m cm? cm* |em* | em [ em | cm® [em® [em® | em® | em® | em® | m? m?
50 x 30 32~ 3.61 4.60 | 126 |6.38 |14.2 |6.20 | 1.76 | 1.16 | 5.68 |4.13 | 7.25 | 5.00 | 14.2 | 6.80 | 0.152 | 42.1
60 x 40 3.0~ 4.35 554 | 17.0|10.3 |26.5 [ 139 (2.18 [1.58 | 8.82 [6.95 | 10.9 [8.19 | 29.2 | 11.2 | 0.192 | 44.1
4.0 ~ 5.64 719 | 12.0|7.00 |32.8 [17.0 [2.14 [1.54 | 10.9 [8.52 [ 13.8 [ 10.3 | 36.7 | 13.7 | 0.190 | 33.7
5.0 ~ 6.85 8.73 | 9.00 |5.00 |38.1 [19.5 [2.09 [1.50 | 12.7 [9.77 | 16.4 | 12.2 | 43.0 | 15.7 | 0.187 | 27.3
80 x 40 3.2~ 5.62 716 22.0 1950 |57.2 (189 |2.83 |1.63 | 143 [9.46 (18.0 | 11.0 | 46.2 | 16.1 | 0.232 | 41.3
4.0 ~ 6.90 879 | 17.0|7.00 |682 |222 (279 (159 [ 17.1 [11.1 [21.8 |13.2| 55.2 | 18.9 | 0.230 | 33.3
5.0 ~ 8.42 10.7 | 13.0 [5.00 [80.3 |[25.7 |2.74 |1.55 | 20.1 |12.9 | 26.1 [ 15.7 | 65.1 | 21.9 | 0.227 | 27.0
6.3 ~ 10.3 13.1 9.70 | 3.35 | 93.3 |29.2 [2.67 | 1.49 | 23.3 [ 14.6 [31.1 |18.4 | 75.6 | 24.8 | 0.224 | 21.7
8.0 ~ 125 16.0 | 7.00 [2.00 | 106 |32.1 |2.58 |1.42 | 26.5 |16.1 | 36.5 [21.2 | 85.8 | 27.4 | 0.219 | 175
90 x 50 3.6 ~ 7.40 942 | 22.0(10.9 |98.3 [38.7 (323 (203 (218 (155 |27.2|18.0| 89.4 | 259 | 0.271 | 36.6
5.0 ~ 9.99 12.7 | 15.0 [7.00 | 127 |49.2 |3.16 | 1.97 | 28.3 |19.7 | 36.0 [23.5 | 116 | 32.9 | 0.267 | 26.7
6.3 ~ 12.3 15.6 11.3 |4.94 | 150 |57.0 [3.10 | 1.91 | 33.3 |22.8 | 43.2 |28.0 | 138 | 38.1 [ 0.264 | 21.5
100 x 50 3.0 ~ 6.71 854 | 30.3|13.7 | 110 |36.8 |3.58 [2.08 | 21.9 | 14.7 | 27.3 [ 16.8 | 88.4 | 25.0 | 0.292 | 43.5
32~ 7.13 9.08 | 283|126 | 116 [38.8 [3.57 [2.07 | 23.2 [ 155|289 [17.7 | 93.4 | 26.4 | 0.292 | 41.0
5.0~ 10.8 137 | 17.0 (7.00 | 167 |54.3 |3.48 | 1.99 | 33.3 |21.7 | 42.6 [25.8 | 135 | 36.9 | 0.287 | 26.6
6.3 ~ 13.3 169 | 129 [4.94 | 197 |63.0 |3.42 |1.93 | 39.4 |25.2 | 51.3 [30.8 | 160 | 42.9 | 0.284 | 21.4
8.0 ~ 16.3 20.8 | 9.50 | 3.25 | 230 |71.7 |3.33|1.86 | 46.0 |28.7 [61.4 |36.3| 186 | 48.9 | 0.279 | 17.1
10.0* 19.6 24.9 7.00 (2.00 (259 |78.4 (322 |1.77 | 51.8 |31.4 712|414 | 209 | 53.6 | 0.274 | 14.0
100 x 60 3.6 ~ 8.53 109 | 24.8 (137 | 145 |64.8 |3.65 |2.44 | 28.9 |21.6 | 35.6 [24.9 | 142 | 35.6 | 0.311 | 36.5
5.0 ~ 1.6 147 | 17.0 [9.00 | 189 |83.6 | 3.58 [2.38 | 37.8 | 27.9 | 47.4 [ 32.9 | 188 | 45.9 | 0.307 | 26.5
6.3 ~ 14.2 18.1 12.9 | 6.52 | 225 [98.1 | 3.52 [2.33 | 45.0 | 32.7 | 57.3 [ 39.5 | 224 | 53.8 | 0.304 | 21.4
8.0 ~ 17.5 224 9.50 (450 [ 264 | 113 [3.44 | 225 | 52.8 | 37.8 | 68.7 | 47.1 | 265 | 62.2 | 0.299 | 17.1
120 x 60 3.6 ~ 9.70 12.3 | 30.3 (13.7 | 227 |76.3 |4.30 [2.49 | 37.9 |25.4 | 47.2 [28.9 | 183 | 43.3| 0.351 | 36.2
5.0 ~ 13.1 16.7 | 21.0 [9.00 | 299 |98.8 | 4.23 [2.43 | 49.9 | 32.9 | 63.1 [ 38.4 | 242 | 56.0 | 0.347 | 26.5
6.3 ~ 16.2 20.7 | 16.0 | 6.52 | 358 | 116 |4.16 | 2.37 | 59.7 | 38.8 | 76.7 | 46.3 | 290 | 65.9 [ 0.344 | 21.2
8.0 ~ 201 25.6 12.0 | 450 | 425 | 135 | 4.08 | 2.30 | 70.8 | 45.0 (92.7 (55.4 | 344 | 76.6 | 0.339 | 16.9
120 x 80 5.0 ~ 14.7 187 | 21.0 (13.0 [ 365 | 193 |4.42 [3.21 | 60.9 |48.2 | 74.6 [ 56.1 | 401 | 77.9 | 0.387 | 26.3
6.3 18.2 23.2 16.0 [ 9.70 | 440 | 230 |4.36 |3.15 | 73.3 | 57.6 | 91.0 | 68.2 | 487 | 92.9 | 0.384 | 21.1
8.0 22,6 28.8 | 12.0 |7.00 | 525 | 273 |4.27 | 3.08 | 87.5 |68.1 | 111 | 82.6 | 587 | 110 [ 0.379 | 16.8
10.0 ~ 27.4 349 | 9.00|5.00 609 |313 |4.18 (2.99 | 102 |78.1 | 131 [97.3 | 688 | 126 | 0.374 | 13.6
150 x 100 5.0 ~ 18.6 237 | 27.0|17.0 | 739 | 392 (5.58 [4.07 | 98.5 [78.5 | 119 [ 90.1 | 807 | 127 | 0.487 | 26.2
6.3 23.1 295 | 20.8 (129 | 898 | 474 (552 [4.01 [ 120 [94.8 | 147 | 110 | 986 | 153 | 0.484 | 21.0
8.0 ~ 28.9 36.8 | 15.8|9.50 (1090 | 569 |5.44 [3.94 | 145 | 114 | 180 | 135 [ 1200 | 183 | 0.479 | 16.6
10.0 ~ 35.3 44.9 12.0 | 7.00 |1280 | 665 |5.34 |3.85 | 171 | 133 | 216 | 161 | 1430 | 214 | 0.474 | 134
12.5 ~ 42.8 54.6 | 9.00 | 5.00 (1490 | 763 |5.22 [3.74 | 198 | 153 | 256 | 190 | 1680 | 246 | 0.468 | 10.9
160 x 80 4.0 ~ 14.4 18.4 | 37.0 [17.0 | 612 | 207 |5.77 |3.35 | 76.5 | 51.7 | 94.7 | 58.3 | 493 | 88.0 | 0.470 | 32.6
5.0 ~ 17.8 227 | 29.0 | 13.0 | 744 | 249 |5.72 |3.31 | 93.0 |62.3 | 116 | 71.1 | 600 | 106 | 0.467 | 26.2
6.3 222 28.2 2241970 | 903 | 299 |5.66 |3.26 | 113 [74.8 | 142 |86.8 | 730 | 127 | 0.464 | 20.9
8.0 27.6 35.2 17.0 | 7.00 | 1090 | 356 |5.57 [3.18 | 136 [89.0 | 175 | 106 | 883 | 151 | 0.459 | 16.6
10.0 ~ 33.7 429 | 13.0 | 5.00 (1280 | 411 |5.47 | 3.10 | 161 | 103 | 209 | 125 | 1040 | 175 | 0.454 | 13.5

~ Check availability in S275.
~Check availability in S355.

(M For local buckling calculation d =D — 3tand b = B - 3t.




1186  Dimensions and properties
HOT-FINISHED
RECTANGULAR HOLLOW SECTIONS
D
DIMENSIONS AND PROPERTIES
Section Mass | Area Ratios for Second Radius of Elastic Plastic Torsional Surface Area
Designation per of Local Moment Gyration Modulus Modulus Constants
Metre | Section Buckling of Area Per Per
Size Thickness Axis | Axis | Axis | Axis | Axis | Axis Metre | Tonne
Axis Axis | x-x | y-y | X=X y-y X-X y-y
DxB t A at® | oY | x=x y-y J o]

mm mm kg/m cm? cm* cm* | em | em [ em® [ em® | em® | cm® | cm* cm® | m? m?
200 x 100 5.0 ~ 22.6 28.7 37.0 [17.0 | 1500 505 |7.21|4.19| 149 101 185 114 1200 172 | 0.587 26.0
6.3 ~ 28.1 35.8 28.7 [12.9 | 1830 613 |7.15|4.14| 183 | 123 | 228 140 1470 208 | 0.584 | 20.8

8.0 35.1 44.8 22.0 [ 9.50 | 2230 739 |7.06 |4.06 | 223 | 148 | 282 172 1800 251 | 0.579 16.5

10.0 43.1 54.9 17.0 | 7.00 | 2660 869 |[6.96|3.98 | 266 | 174 | 341 206 | 2160 295 | 0.574 13.3

12.5 52.7 67.1 13.0 | 5.00 | 3140 | 1000 |6.84 | 3.87 | 314 | 201 408 245 | 2540 341 | 0.568 10.8

200 x 120 5.0 ~ 241 30.7 37.0 [ 21.0 | 1690 762 |7.40|4.98 | 168 127 | 205 144 1650 210 | 0.627 26.0
6.3 ~ 30.1 38.3 28.7 [ 16.0 | 2070 929 |7.34 492 207 | 155 | 253 177 | 2030 255 | 0.624 | 20.7

8.0 ~ 37.6 48.0 22.0(12.0 | 2530 | 1130 |7.26 | 4.85| 253 | 188 | 313 218 | 2490 310 | 0.619 16.5

10.0 ~ 46.3 58.9 17.0 | 9.00 | 3030 | 1340 | 7.17 | 4.76 | 303 | 223 | 379 263 | 3000 367 | 0.614 133

200 x 150 8.0 ~ 41.4 52.8 22.0 (158 | 2970 | 1890 |7.50 | 5.99 | 297 | 253 | 359 294 | 3640 398 | 0.679 16.4
10.0 ~ 51.0 64.9 17.0 | 12.0 | 3570 | 2260 |7.41 | 591 | 357 | 302 | 436 356 | 4410 475 | 0.674 13.2

250 x 100 10.0 ~ 51.0 64.9 22.0 | 7.00 | 4730 | 1070 | 8.54 | 4.06 | 379 | 214 | 491 251 2910 376 | 0.674 13.2
125 ~ 62.5 79.6 17.0 | 5.00 | 5620 | 1250 | 8.41 | 3.96 | 450 | 249 | 592 299 | 3440 438 | 0.668 10.7

250 x 150 5.0~ 30.4 38.7 47.0 | 27.0 | 3360 | 1530 [9.31 [ 6.28 | 269 | 204 | 324 228 | 3280 337 | 0.787 | 259
6.3 38.0 48.4 36.7 | 20.8 | 4140 | 1870 | 9.25 | 6.22 | 331 250 | 402 283 | 4050 413 | 0.784 | 20.6

8.0 ~ 47.7 60.8 | 28.3|15.8 | 5110 | 2300 | 9.17 | 6.15 | 409 | 306 | 501 | 350 | 5020 | 506 |0.779 | 16.3

10.0 ~ 58.8 74.9 22.0(12.0 | 6170 | 2760 |9.08 | 6.06 | 494 | 367 | 611 426 | 6090 605 | 0.774 13.2

125 72.3 92.1 17.0 | 9.00 | 7390 | 3270 |8.96 | 5.96 | 591 435 | 740 514 | 7330 717 | 0.768 10.6

16.0 ~ 90.3 115 126 | 6.38 | 8880 | 3870 |8.79 | 5.80| 710 | 516 | 906 625 | 8870 849 | 0.759 | 8.41

300 x 100 8.0 ~ 47.7 60.8 | 34.5|9.50 | 6310 | 1080 | 10.2 | 4.21 | 420 | 216 | 546 | 245 | 3070 | 387 | 0.779 | 16.3
10.0 ~ 58.8 74.9 27.0(7.00 | 7610 | 1280 | 10.1 | 4.13 | 508 | 255 | 666 296 | 3680 458 | 0.774 13.2

300 x 200 6.3 ~ 47.9 61.0 446 | 28.7 | 7830 | 4190 | 11.3 [ 8.29 | 522 | 419 | 624 472 | 8480 681 | 0.984 | 20.5
8.0 ~ 60.3 76.8 345 (220 | 9720 | 5180 | 11.3 | 8.22 | 648 | 518 | 779 589 | 10600 [ 840 | 0.979 16.2

10.0 ~ 74.5 94.9 27.0 (17.0 (11800 | 6280 | 11.2 | 8.13 | 788 | 628 | 956 721 | 12900 | 1020 | 0.974 13.1

125 ~ 91.9 17 21.0 [ 13.0 | 14300 | 7540 | 11.0 | 8.02 | 952 754 | 1170 | 877 | 15700 | 1220 | 0.968 10.5

16.0 115 147 15.8 | 9.50 | 17400 | 9110 | 10.9 | 7.87 | 1160 | 911 | 1440 | 1080 | 19300 | 1470 | 0.959 8.34

400 x 200 8.0 ~ 72.8 92.8 47.0 | 22.0 | 19600 | 6660 | 14.5(8.47 | 978 | 666 | 1200 | 743 | 15700 | 1140 18 16.2
10.0 ~ 90.2 115 37.0 | 17.0 | 23900 | 8080 | 14.4|8.39 | 1200 | 808 | 1480 | 911 | 19300 | 1380 | 1.17 13.0

125 ~ 112 142 29.0 [ 13.0 | 29100 | 9740 |(14.3 |8.28 | 1450 | 974 | 1810 | 1110 | 23400 | 1660 | 1.17 10.5

16.0 ~ 141 179 22.0 [9.50 | 35700 | 11800 | 14.1 | 8.13 | 1790 | 1180 | 2260 | 1370 | 28900 | 2010 16 8.26

450 x 250 8.0 ~ 85.4 109 53.3 [ 28.3 (30100 | 12100 | 16.6 | 10.6 | 1340 | 971 | 1620 | 1080 | 27100 | 1630 | 1.38 16.2
10.0 ~ 106 135 42.0 [ 22.0 [ 36900 | 14800 | 16.5 | 10.5 | 1640 | 1190 | 2000 [ 1330 | 33300 [ 1990 | 1.37 12.9

125 ~ 131 167 33.0 [ 17.0 | 45000 | 18000 | 16.4 | 10.4 | 2000 | 1440 | 2460 | 1630 | 40700 | 2410 | 1.37 10.5

16.0 166 21 25.1 [ 12.6 | 55700 | 22000 | 16.2 | 10.2 | 2480 | 1760 | 3070 | 2030 | 50500 | 2950 | 1.36 8.19

500 x 300 8.0 ~ 98.0 125 59.5 | 34.5 | 43700 | 20000 | 18.7 | 12.6 | 1750 | 1330 | 2100 | 1480 | 42600 | 2200 | 1.58 16.1
10.0 ~ 122 155 47.0 | 27.0 | 53800 | 24400 | 18.6 | 12.6 | 2150 | 1630 | 2600 | 1830 | 52400 [ 2700 | 1.57 12.9

125 ~ 151 192 37.0 [ 21.0 | 65800 | 29800 | 18.5 | 12.5 | 2630 | 1990 | 3200 | 2240 | 64400 | 3280 | 1.57 10.4

16.0 ~ 191 243 28.3 [ 15.8 | 81800 | 36800 | 18.3 | 12.3 | 3270 | 2450 | 4010 | 2800 | 80300 | 4040 | 1.56 8.17

20.0 ~ 235 300 22.0 [ 12.0 (98800 | 44100 | 18.2 | 12.1 | 3950 | 2940 | 4890 | 3410 | 97400 | 4840 55 6.60

~ Check availability in S275.

(™ For local buckling calculation d =D — 3t and b = B - 3t.




Dimensions and properties

COLD-FORMED
CIRCULAR HOLLOW SECTIONS

DIMENSIONS AND PROPERTIES

1187

Section Mass Area Ratio for | Second | Radius of | Elastic Plastic Torsional Surface Area
Designation per of Local Moment | Gyration | Modulus | Modulus | Constants
Metre | Section | Buckling | of Area Per Per
Outside | Thickness Metre | Tonne
Diameter
D t A D/t | r z S J C

mm mm kg/m cm? cm cm cm?® cm?® cm* | cm® m? m?
26.9 20% 1.23 1.56 13.5 1.22 0.883 0.907 1.24 2.44 | 1.81 0.0845 68.7
25% 1.50 1.92 10.8 1.44 0.867 1.07 1.49 2.88 | 2.14 | 0.0845 | 56.3

3.0% 1.77 2.25 8.97 1.63 0.852 1.21 1.72 3.27 | 243 | 0.0845 | 47.7

33.7 20% 1.56 1.99 16.9 2.51 12 1.49 2.01 5.02 | 2.98 0.106 67.9
25% 1.92 2.45 13.5 3.00 1.1 1.78 2.44 6.00 | 3.56 0.106 55.2

30% 2.27 2.89 1.2 3.44 1.09 2.04 2.84 6.88 | 4.08 0.106 46.7

40 % 2.93 3.73 8.43 419 1.06 2.49 3.55 8.38 | 4.97 0.106 36.2

451 3.24 4.13 7.49 4.50 1.04 2.67 3.87 9.01 | 5.35 0.106 32.7

42.4 251% 2.46 3.13 17.0 6.26 1.41 2.95 3.99 12,5 | 5.91 0.133 54.1
30% 2.91 3.71 141 7.25 1.40 3.42 4.67 145 | 6.84 0.133 45.7

35% 3.36 4.28 121 8.16 1.38 3.85 5.31 16.3 | 7.69 0.133 39.6

401 3.79 4.83 10.6 8.99 1.36 4.24 5.92 18.0 | 8.48 0.133 35.1

48.3 25% 2.82 3.60 19.3 9.46 1.62 3.92 5.25 18.9 | 7.83 0.152 53.9
30% 3.35 4.27 16.1 11.0 1.61 4.55 6.17 220 | 9.11 0.152 45.4

35% 3.87 4.93 13.8 12.4 1.59 5.15 7.04 249 | 103 0.152 39.3

401 4.37 5.57 121 13.8 1.57 5.70 7.87 275 | 114 0.152 34.8

50% 5.34 6.80 9.66 16.2 1.54 6.69 9.42 32.3 | 134 0.152 28.5

60.3 25% 3.56 4.54 241 19.0 2.05 6.30 8.36 38.0 | 12.6 0.189 53.1
3.0% 4.24 5.40 20.1 222 2.03 7.37 9.86 444 | 147 0.189 44.6

35% 4.90 6.25 17.2 25.3 2.01 8.39 1.3 50.6 | 16.8 0.189 38.6

401 5.55 7.07 15.1 28.2 2.00 9.34 12.7 56.3 | 18.7 0.189 34.1

50% 6.82 8.69 12.1 335 1.96 1.1 15.3 67.0 | 22.2 0.189 277

76.1 25% 4.54 5.78 30.4 39.2 2.60 10.3 135 78.4 | 20.6 0.239 52.6
3.0% 5.41 6.89 254 46.1 2.59 121 16.0 922 | 242 0.239 442

35¢% 6.27 7.98 21.7 52.7 2.57 13.9 18.5 105 | 27.7 0.239 38.1

4.0t 7.1 9.06 19.0 59.1 2.55 15.5 20.8 118 | 31.0 | 0.239 | 33.6

50% 8.77 1.2 15.2 70.9 2.52 18.6 25.3 142 | 37.3 0.239 27.3

88.9 3.0% 6.36 8.10 29.6 74.8 3.04 16.8 221 150 | 33.6 0.279 43.9
35% 7.37 9.39 254 85.7 3.02 19.3 255 171 | 38.6 0.279 37.9

4.0 %t 8.38 10.7 222 96.3 3.00 21.7 28.9 193 [ 433 | 0.279 | 33.1

501t 10.3 13.2 17.8 116 2.97 26.2 35.2 233 | 524 | 0279 | 271

114.3 3.0% 8.23 10.5 38.1 163 3.94 28.4 37.2 325 | 56.9 0.359 43.6
35% 9.56 12.2 32.7 187 3.92 32.7 43.0 374 | 65.5 0.359 37.6

4.0t 10.9 13.9 28.6 21 3.90 36.9 48.7 422 | 739 | 0.359 | 329

5.0% 13.5 17.2 22.9 257 3.87 45.0 59.8 514 | 89.9 0.359 26.6

6.0 16.0 20.4 191 300 3.83 525 70.4 600 | 105 0.359 22.4

139.7 401 13.4 171 34.9 393 4.80 56.2 73.7 786 | 112 0.439 32.8
50t 16.6 21.2 27.9 481 4.77 68.8 90.8 961 | 138 | 0.439 | 26.4

6.0 t 19.8 252 23.3 564 473 80.8 107 |1130 | 162 | 0.439 | 22.2

8.0t 26.0 | 331 17.5 720 4.66 103 139 [1440 | 206 | 0439 | 16.9

10.0 £ 32.0 40.7 14.0 862 4.60 123 169 1720 | 247 0.439 13.7

125¢% 39.2 50.0 1.2 1020 4.52 146 203 2040 | 292 0.439 1.2

F Grade S275 not available from some leading producers. Check availability.



1188  Dimensions and properties
COLD-FORMED
CIRCULAR HOLLOW SECTIONS
DIMENSIONS AND PROPERTIES
Section Mass | Area Ratio Second | Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus Constants
Metre | Section Local of Area | Gyration
Outside | Thickness Buckling Per Per
Diameter Metre | Tonne
D t A D/ | r z S J C

mm mm kg/m cm? cm? cm cm?® cm?® cm* | cm?® m? m?
168.3 4.0t 16.2 20.6 421 697 5.81 82.8 108 1390 166 | 0.529 | 32.7
501% 20.1 25.7 33.7 856 5.78 102 133 1710 | 203 | 0.529 | 26.3

6.0 24.0 30.6 28.1 1010 5.74 120 158 2020 | 240 | 0.529 [ 22.0

8.01% 31.6 40.3 21.0 1300 5.67 154 206 2600 | 308 | 0.529 | 16.7

10.0 39.0 49.7 16.8 1560 5.61 186 251 3130 | 372 | 0.529 | 13.6

125 % 48.0 61.2 135 1870 5.53 222 304 3740 | 444 | 0529 | 11.0

193.7 4.0t 18.7 23.8 48.4 1070 6.71 11 144 2150 | 222 | 0.609 [ 32.6
451 21.0 26.7 43.0 1200 6.69 124 161 2400 | 247 | 0.609 [ 29.0

501% 23.3 29.6 38.7 1320 6.67 136 178 2640 | 273 | 0.609 | 26.1

6.0 27.8 35.4 32.3 1560 6.64 161 21 3120 | 322 | 0.609 | 21.9

8.01% 36.6 46.7 24.2 2020 6.57 208 276 4030 | 416 | 0.609 | 16.6

10.0 45.3 57.7 19.4 2440 6.50 252 338 4880 | 504 | 0.609 [ 13.4

1251¢% 55.9 71.2 15.5 2930 6.42 303 411 5870 | 606 | 0.609 [ 10.9

219.1 401t 21.2 27.0 54.8 1560 7.61 143 185 3130 | 286 | 0.688 | 32.5
45t 23.8 30.3 48.7 1750 7.59 159 207 3490 | 319 | 0.688 | 28.9

50% 26.4 33.6 43.8 1930 7.57 176 229 3860 | 352 | 0.688 | 26.1

6.0 & 315 40.2 36.5 2280 7.54 208 273 4560 | 417 | 0.688 | 21.8

8.01% 41.6 53.1 27.4 2960 7.47 270 357 5920 | 540 | 0.688 | 16.5

10.0 51.6 65.7 21.9 3600 7.40 328 438 7200 | 657 | 0.688 | 13.3

120 % 61.3 781 18.3 4200 7.33 383 515 8400 | 767 | 0.688 | 11.2

125 % 63.7 81.1 175 4350 7.32 397 534 8690 | 793 | 0.688 | 10.8

16.0 80.1 102 13.7 5300 7.20 483 661 10600 | 967 | 0.688 | 8.59

2445 451t 26.6 33.9 54.3 2440 8.49 200 259 4890 | 400 | 0.768 | 28.9
501% 29.5 37.6 48.9 2700 8.47 221 287 5400 | 441 | 0.768 | 26.0

6.0 35.3 45.0 40.8 3200 8.43 262 341 6400 | 523 | 0.768 | 21.8

8.01% 46.7 59.4 30.6 4160 8.37 340 448 8320 | 681 | 0.768 | 16.4

10.0 57.8 73.7 245 5070 8.30 415 550 10200 | 830 | 0.768 | 13.3

120t 68.8 87.7 20.4 5940 8.23 486 649 11900 | 972 | 0.768 | 11.2

125 % 715 911 19.6 6150 8.21 503 673 12300 | 1010 | 0.768 | 10.7

16.0 90.2 115 15.3 7530 8.10 616 837 15100 | 1230 | 0.768 | 8.51

273.0 401% 26.5 33.8 68.3 3060 9.51 224 289 6120 | 448 | 0.858 | 32.4
45t 208 | 38.0 60.7 3420 9.49 251 324 6840 | 501 | 0.858 | 28.8

501 33.0 | 421 54.6 3780 9.48 277 359 7560 | 554 | 0.858 | 26.0

6.0 1 395 | 50.3 455 4490 9.44 329 428 8970 | 657 | 0.858 | 21.7

8.01% 52.3 66.6 34.1 5850 9.37 429 562 11700 | 857 | 0.858 | 16.4

10.0 64.9 82.6 27.3 7150 9.31 524 692 14300 | 1050 | 0.858 | 13.2

120 % 77.2 98.4 22.8 8400 9.24 615 818 16800 | 1230 | 0.858 | 11.1

125 % 80.3 102 21.8 8700 9.22 637 849 17400 | 1270 | 0.858 | 10.7

16.0 101 129 171 10700 9.10 784 1060 21400 | 1570 | 0.858 | 8.50

} Grade S275 not available from some leading producers. Check availability.




Dimensions and properties 1189

COLD-FORMED
CIRCULAR HOLLOW SECTIONS

DIMENSIONS AND PROPERTIES

Section Mass Area Ratio Second | Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus Constants
Metre | Section Local of Area | Gyration
Outside | Thickness Buckling Per Per
Diameter Metre | Tonne
D t A D/t | r z S J C
mm mm kg/m cm? cm* cm cm?® cm? cm* | cm?® m? m?
323.9 50t 39.3 50.1 64.8 6370 1.3 393 509 12700 | 787 | 1.02 | 26.0
6.0t 47.0 59.9 54.0 7570 1.2 468 606 15100 | 935 | 1.02 | 21.7
801 62.3 79.4 40.5 9910 11.2 612 799 19800 | 1220 | 1.02 | 16.4
10.0 77.4 98.6 32.4 12200 1.1 751 986 24300 | 1500 | 1.02 13.2
120 % 92.3 118 27.0 14300 11.0 884 1170 28600 | 1770 | 1.02 1.1
125 ¢ 96.0 122 259 14800 11.0 917 1210 | 29700 | 1830 | 1.02 | 10.6
16.0 ¢ 121 155 20.2 18400 10.9 1140 1520 | 36800 | 2270 | 1.02 | 8.43
355.6 501% 43.2 55.1 711 8460 12.4 476 615 16900 | 952 | 1.12 | 25.9
6.0 51.7 65.9 59.3 10100 12.4 566 733 20100 | 1130 | 1.12 | 21.7
80t 68.6 87.4 445 13200 12.3 742 967 26400 | 1490 | 1.12 | 16.3
10.0 85.2 109 35.6 16200 12.2 912 1200 | 32400 | 1830 | 1.12 | 13.1
120t 102 130 29.6 19100 12.2 1080 1420 | 38300 | 2150 | 1.12 | 11.0
1251¢% 106 135 28.4 19900 12.1 1120 1470 | 39700 | 2230 | 1.12 | 10.6
16.0 + 134 171 222 24700 12.0 1390 1850 49300 | 2770 | 1.12 8.36
406.4 6.0 59.2 75.5 67.7 15100 14.2 745 962 30300 | 1490 | 1.28 | 21.6
80t 78.6 100 50.8 19900 141 978 1270 | 39700 | 1960 | 1.28 | 16.3
10.0 £ 97.8 125 40.6 24500 14.0 1210 1570 | 49000 | 2410 | 1.28 | 13.1
120t 117 149 33.9 28900 14.0 1420 1870 | 57900 | 2850 | 1.28 | 10.9
125¢% 121 155 325 30000 13.9 1480 1940 | 60100 | 2960 | 1.28 | 10.6
16.0 ¢ 154 196 25.4 37400 13.8 1840 2440 | 74900 | 3690 | 1.28 | 8.31
457.0 801 88.6 113 57.1 28400 15.9 1250 1610 | 56900 | 2490 | 1.44 | 16.3
10.0 £ 110 140 45.7 35100 15.8 1540 2000 | 70200 | 3070 | 1.44 | 13.1
12.0¢% 132 168 38.1 41600 15.7 1820 2380 | 83100 | 3640 | 1.44 | 109
125 ¢ 137 175 36.6 43100 15.7 1890 2470 | 86300 | 3780 | 1.44 | 10.5
16.0 ¢ 174 222 28.6 54000 15.6 2360 3110 [108000| 4720 | 1.44 | 8.28
508.0 8.01% 98.6 126 63.5 39300 17.7 1550 2000 | 78600 | 3090 | 1.60 | 16.2
10.0 £ 123 156 50.8 48500 17.6 1910 2480 | 97000 | 3820 | 1.60 | 13.0
12.0% 147 187 423 57500 17.5 2270 2950 |115000| 4530 | 1.60 | 10.9
125 ¢ 153 195 40.6 59800 17.5 2350 3070 |120000| 4710 | 1.60 | 10.5
16.0 £ 194 247 31.8 74900 17.4 2950 3870 |150000| 5900 | 1.60 | 8.25

} Grade S275 not available from some leading producers. Check availability.



1190  Dimensions and properties

COLD-FORMED
SQUARE HOLLOW SECTIONS

DIMENSIONS AND PROPERTIES

Section Mass Area Ratio Second | Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus | Constants
Metre | Section Local of Area | Gyration
Size Thickness Buckling Per Per
Metre | Tonne
DxD t A an® | r z S J C
mm mm kg/m cm? cm? cm cm?® cm?® cm* | cm® m? m?
25x 25 201% 1.36 1.74 7.50 1.48 0.924 1.19 1.47 2.53 | 1.80 | 0.0931 | 68.5
251 1.64 2.09 5.00 1.69 0.899 1.35 1.71 297 | 2.07 | 0.0914 | 55.7
301% 1.89 2.41 3.33 1.84 0.874 1.47 1.91 3.33 | 2.27 | 0.0897 | 47.5
30 x 30 20¢% 1.68 2.14 10.0 272 1.13 1.81 2.21 454 (275 | 0.113 67.3
25% 2.03 2.59 7.00 3.16 1.10 2.10 2.61 5.40 | 3.20 | 0.111 54.7
30t 2.36 3.01 5.00 3.50 1.08 2.34 2.96 6.15 | 3.58 | 0.110 | 46.6
40 x 40 20t 2.31 2.94 15.0 6.94 1.54 3.47 4.13 11.3 | 523 | 0.153 | 66.2
25% 2.82 3.59 11.0 8.22 1.51 4.1 4.97 13.6 | 6.21 | 0.151 53.5
30% 3.30 4.21 8.33 9.32 1.49 4.66 5.72 15.8 | 7.07 | 0.150 | 45.5
40% 4.20 5.35 5.00 1.1 1.44 5.54 7.01 19.4 | 8.48 | 0.146 | 34.8
50 x 50 20t 2.93 3.74 20.0 14.1 1.95 5.66 6.66 226 | 851 | 0.193 | 65.9
251% 3.60 4.59 15.0 16.9 1.92 6.78 8.07 275 | 10.2 | 0.191 53.1
3.0% 4.25 5.41 1.7 19.5 1.90 7.79 9.39 32.1 [ 11.8 | 0.190 44.7
4.01% 5.45 6.95 7.50 23.7 1.85 9.49 1.7 40.4 (144 | 0.186 34.1
50% 6.56 8.36 5.00 27.0 1.80 10.8 13.7 475 | 16.6 | 0.183 | 279
60 x 60 30t 5.19 6.61 15.0 35.1 2.31 1.7 14.0 57.1 | 17.7 | 0.230 | 44.3
401% 6.71 8.55 10.0 43.6 2.26 14.5 17.6 726 | 22.0| 0226 | 33.7
501% 8.13 10.4 7.00 50.5 2.21 16.8 20.9 86.4 | 25.6 [ 0.223 | 27.4
70 x 70 251% 517 6.59 23.0 49.4 274 14.1 16.5 785 | 21.2 | 0.271 52.4
30t 6.13 7.81 18.3 57.5 271 16.4 19.4 924 | 247 | 0270 | 44.0
35t 7.06 8.99 15.0 65.1 2.69 18.6 222 106 | 28.0 | 0.268 | 38.0
40t 7.97 10.1 125 721 2.67 20.6 24.8 119 | 31.1 | 0.266 | 33.4
5.0% 9.70 12.4 9.00 84.6 2.62 242 29.6 142 | 36.7 | 0.263 271
80 x 80 30% 7.07 9.01 217 87.8 3.12 22.0 25.8 140 | 33.0 | 0.310 | 43.8
35¢% 8.16 10.4 17.9 99.8 3.10 25.0 29.5 161 | 37.6 | 0.308 | 37.7
40t 9.22 1.7 15.0 111 3.07 27.8 33.1 180 | 41.8 | 0.306 | 33.2
50t 1.3 14.4 11.0 131 3.03 329 39.7 218 | 49.7 | 0.303 | 26.8
6.0 13.2 16.8 8.33 149 2.98 37.3 45.8 252 | 56.6 | 0.299 | 22.7
90 x 90 30% 8.01 10.2 25.0 127 3.53 28.3 33.0 201 | 425 | 0.350 | 43.7
35¢% 9.26 1.8 20.7 145 3.51 322 37.9 232 | 485 | 0.348 | 37.6
40t 10.5 13.3 17.5 162 3.48 36.0 42.6 261 | 54.2 | 0.346 | 33.0
501% 12.8 16.4 13.0 193 3.43 42.9 51.4 316 | 64.7 | 0.343 | 26.8
6.0 15.1 19.2 10.0 220 3.39 49.0 59.5 368 | 74.2 | 0.339 | 225
100 x 100 30% 8.96 1.4 28.3 177 3.94 35.4 41.2 279 | 532 | 0.390 | 435
40t 1.7 14.9 20.0 226 3.89 45.3 53.3 362 | 68.1 | 0.386 | 33.0
50t 14.4 18.4 15.0 271 3.84 54.2 64.6 441 | 81.7 | 0.383 | 26.6
6.0 £ 17.0 21.6 1.7 311 3.79 62.3 75.1 514 | 94.1| 0379 | 223
8.01% 21.4 27.2 7.50 366 3.67 73.2 91.1 645 114 | 0.366 1741
120x 120 401% 14.2 18.1 25.0 402 4.71 67.0 78.3 637 | 101 | 0.466 | 32.8
50t 175 22.4 19.0 485 4.66 80.9 95.4 778 | 122 | 0.463 | 26.5
6.0 £ 20.7 26.4 15.0 562 4.61 93.7 112 913 | 141 | 0.459 | 222
801 26.4 33.6 10.0 677 4.49 113 138 1160 | 175 | 0.446 | 16.9
10.0 £ 31.8 40.6 7.00 777 4.38 129 162 1380 | 203 | 0.437 | 137

} Grade S275 not available from some leading producers. Check availability.
M For local buckling calculation d = D — 5t.



Dimensions and properties 1191

COLD-FORMED
SQUARE HOLLOW SECTIONS

D
DIMENSIONS AND PROPERTIES
Section Mass | Area Ratio Second | Radius Elastic Plastic Torsional Surface Area
Designation per of for Moment of Modulus | Modulus | Constants
Metre | Section Local of Area | Gyration
Size Thickness Buckling Per Per
Metre | Tonne
DxD t A an® | r z S J C
mm mm kg/m cm? cm? cm cm?® cm?® cm* | cm® m? m?
140 x 140 401% 16.8 21.3 30.0 652 5.52 93.1 108 1020 | 140 | 0.546 | 32.5
50t 20.7 26.4 23.0 791 5.48 113 132 1260 | 170 | 0.543 | 26.2
6.01 245 31.2 18.3 920 5.43 131 155 1480 | 198 | 0.539 | 22.0
801 31.4 40.0 125 1130 5.30 161 194 1900 | 248 | 0.526 | 16.8
10.0 38.1 48.6 9.00 1310 5.20 187 230 2270 | 291 | 0.517 | 13.6
150 x 150 401% 18.0 22.9 325 808 5.93 108 125 1260 | 162 | 0.586 | 32.6
50t 223 28.4 25.0 982 5.89 131 153 1550 | 197 | 0.583 | 26.1
6.01 26.4 33.6 20.0 1150 5.84 153 180 1830 | 230 | 0.579 | 21.9
801 33.9 43.2 13.8 1410 5.71 188 226 2360 | 289 | 0.566 | 16.7
10.0 41.3 52.6 10.0 1650 5.61 220 269 2840 | 341 | 0.557 | 135
160 x 160 401% 19.3 245 35.0 987 6.34 123 143 1540 | 185 | 0.626 | 32.4
50t 23.8 30.4 27.0 1200 6.29 150 175 1900 | 226 | 0.623 | 26.2
6.01 28.3 36.0 21.7 1410 6.25 176 206 2240 | 264 | 0.619 | 21.9
801 36.5 46.4 15.0 1740 6.12 218 260 2900 | 334 | 0.606 | 16.6
10.0 44.4 56.6 11.0 2050 6.02 256 311 3490 | 395 | 0.597 | 13.4
180 x 180 501% 27.0 34.4 31.0 1740 7.1 193 224 2720 | 290 | 0.703 | 26.0
6.0 £ 321 40.8 25.0 2040 7.06 226 264 3220 | 340 | 0.699 | 21.8
801 415 52.8 175 2550 6.94 283 336 4190 | 432 | 0.686 | 16.5
10.0 50.7 64.6 13.0 3020 6.84 335 404 5070 | 515 | 0.677 | 13.4
120t 58.5 74.5 10.0 3320 6.68 369 454 5870 | 584 | 0.658 | 11.2
125 % 60.5 77.0 9.40 3410 6.65 378 467 6050 | 600 | 0.656 | 10.8
200 x 200 50t 30.1 38.4 35.0 2410 7.93 241 279 3760 | 362 | 0.783 | 26.0
6.01 35.8 45.6 28.3 2830 7.88 283 330 4460 | 426 | 0.779 | 21.8
801 46.5 59.2 20.0 3570 7.76 357 421 5820 | 544 | 0.766 | 16.5
10.0 57.0 72.6 15.0 4250 7.65 425 508 7070 | 651 | 0.757 | 13.3
12.0 66.0 84.1 1.7 4730 7.50 473 576 8230 | 743 | 0.738 | 11.2
125 % 68.3 87.0 11.0 4860 7.47 486 594 8500 | 765 | 0.736 | 10.8
250 x 250 6.01 45.2 57.6 36.7 5670 9.92 454 524 8840 | 681 | 0.979 | 21.7
801 59.1 75.2 26.3 7230 9.80 578 676 11600 | 878 | 0.966 | 16.3
10.0 72.7 92.6 20.0 8710 9.70 697 822 14200 [ 1060 | 0.957 | 13.2
12.0 84.8 108 15.8 9860 9.55 789 944 16700 (1230 | 0.938 | 11.1
125 % 88.0 12 15.0 10200 9.52 813 975 17300 [ 1270 | 0.936 | 10.6
300 x 300 801 71.6 91.2 325 12800 1.8 853 991 20300 (1290 | 1.17 16.3
10.0 88.4 113 25.0 15500 1.7 1030 1210 (25000 | 1570 | 1.16 13.1
12.0 £ 104 132 20.0 17800 1.6 1180 1400 29500 (1830 | 1.14 11.0
125 % 108 137 19.0 18300 1.6 1220 1450 30600 | 1890 | 1.14 10.6

F Grade S275 not available from some leading producers. Check availability.
M For local buckling calculation d = D — 5t.



1192 Dimensions and properties
Section Mass | Area Ratios for Second Radius of Elastic Plastic Torsional Surface Area
Designation per of Local Moment Gyration Modulus Modulus Constants
Metre | Section | Buckling of Area
Size Thickness Axis | Axis | Axis | Axis | Axis | Axis | Axis | Axis Per Per
XX | yy | xx vy XX | yy | xx | yy Metre | Tonne
DxB t A i | ™ J C

mm mm kg/m cm? cm* [ em* | cm cm | cm® | cm® [ cm® | em® | em® | em® | m? m?
50 x 25 20% 215 274 20.0 [ 750 | 8.38 [2.81 | 1.75 | 1.01 [3.35|2.25 |4.26 | 2.62 | 7.06 | 3.92 | 0.143 | 66.5
25% 2.62 3.34 15.0 | 5.00 [ 9.89 | 3.28 | 1.72 [ 0.991 | 3.95 | 2.62 | 5.11 | 3.12 | 8.43 | 4.60 | 0.141 | 53.8

3.0% 3.07 3.91 11.7 [ 3.33 | 11.2 | 3.67 | 1.69 | 0.969 | 4.47 | 2.93 | 5.86 | 3.56 | 9.64 | 5.18 | 0.140 | 45.6

50 x 30 20% 2.31 294 [20.0|10.0 [9.54 | 429 | 1.80 21 [3.81|286 |474|3.33|9.77 | 484 | 0.153 | 66.2
25% 2.82 3.59 15.0 | 7.00 | 11.3 | 5.05 | 1.77 .19 | 452 | 38.37 | 570 | 3.98 | 11.7 | 5.72 | 0.151 | 53.5

3.0% 3.30 4.21 11.7 | 5.00 | 12.8 | 5.70 | 1.75 .16 | 5.13 | 3.80 | 6.57 | 4.58 | 13.5 | 6.49 | 0.150 | 45.5

4.0 % 4.20 5.35 7.50 | 2.50 | 15.3 | 6.69 | 1.69 .12 | 6.10 | 4.46 | 8.05 | 5.58 | 16.5 | 7.71 | 0.146 | 34.8

60 x 30 3.0%F 3.77 4.81 15.0 | 5.00 | 20.5 | 6.80 | 2.06 19 (6.83 |4.53 (8.82 (539|175 |7.95|0.170 | 45.1
4.0 % 4.83 6.15 10.0 | 2.50 | 24.7 | 8.06 | 2.00 14 (823|537 109 |6.62 | 21.5|9.52 | 0.166 | 34.4

60 x 40 25% 3.60 4.59 19.0 | 11.0 (221 [ 11.7 | 219 | 1.60 | 7.36 | 5.87 [ 9.06 | 6.84 | 25.1 | 9.72 | 0.191 | 53.1
3.0% 4.25 5.41 15.0 | 8.33 [ 254 | 13.4 | 2.17 | 1.58 [ 8.46 | 6.72 [ 10.5 [ 7.94 | 29.3 | 11.2 | 0.190 | 44.7

4.0 % 5.45 6.95 10.0 | 5.00 | 31.0 [ 16.3 | 2.11 | 1.583 | 10.3 | 8.14 [ 13.2 ( 9.89 | 36.7 | 13.7 | 0.186 | 34.1

5.0% 6.56 8.36 |7.00|3.00 (353|184 (206 | 1.48 | 11.8 (9.21 | 154 | 115|428 | 156 | 0.183 | 27.9

70 x 40 3.0% 4.72 6.01 18.3 1833|373 (155|249 | 161 [10.7|7.75 | 13.4 | 9.05 | 36.5 | 13.2 | 0.210 | 44.5
4.0 % 6.08 7.75 125 | 5.00 | 46.0 | 18.9 | 244 | 1.56 | 13.1 | 9.44 [ 16.8 | 11.3 | 45.8 | 16.2 | 0.206 | 33.9

70 x 50 3.0%F 5.19 6.61 18.3 | 11.7 [ 441 | 26.1 | 2.58 99 (12.6 | 10.4 | 154 | 122 | 53.6 | 17.1 [ 0.230 | 44.3
4.0 % 6.71 8.55 12.5 | 7.50 | 54.7 | 32.2 | 2.53 94 (156|129 | 195|154 [ 68.1 | 21.2 | 0.226 | 33.7

80 x 40 3.0% 5.19 6.61 217 (833|523 (176|281 | 1.63 [13.1 |8.78 | 16.5| 10.2 | 43.9 | 15.3 | 0.230 | 44.3
4.0 % 6.71 8.55 15.0 | 5.00 | 64.8 | 21.5 | 2.75 | 1.59 | 16.2 | 10.7 [ 20.9 | 12.8 | 55.2 | 18.8 | 0.226 | 33.7

5.0% 8.13 10.4 11.0 [ 3.00 | 75.1 | 24.6 | 2.69 | 1.54 | 18.8 | 12.3 | 24.7 | 15.0 | 65.0 | 21.7 | 0.223 | 27.4

80 x 50 3.0% 5.66 7.21 217 (117|611 | 294 [ 291 | 2.02 153 | 11.8 | 188 | 13.6 | 65.0 | 19.7 | 0.250 | 44.2
4.0 % 7.34 9.35 15.0 | 750 | 76.4 | 36.5 | 2.86 | 1.98 | 19.1 | 14.6 [ 24.0 | 17.2 | 82.7 | 24.6 | 0.246 | 33.5

5.0% 8.91 1.4 11.0 | 5.00 | 89.2 | 42.3 [2.80 | 1.93 | 22.3 [ 16.9 | 28,5 | 20.5 | 98.4 | 28.7 | 0.243 | 27.3

80 x 60 3.0%F 6.13 7.81 21.7 | 15.0 | 70.0 [ 44.9 | 3.00 | 2.40 (175 | 15.0 | 21.2 | 17.4 | 88.3 | 24.1 | 0.270 | 44.0
4.0 % 7.97 10.1 15.0 | 10.0 [ 87.9 | 56.1 | 294 | 2.35 [ 22.0 | 18.7 [ 27.0 [ 22.1 | 113 | 30.3 | 0.266 | 33.4

50% 9.70 12.4 11.0 [ 7.00 | 103 | 65.7 [ 2.89 | 2.31 | 258 [ 21.9 | 322 |26.4 | 136 | 35.7 | 0.263 | 27.1

90 x 50 3.0% 6.13 7.81 25.0 | 11.7 | 81.9 (327 | 3.24 | 2.05 | 18.2 | 13.1 | 226 | 15.0 | 76.7 | 22.4 | 0.270 | 44.0
35% 7.06 8.99 [20.7)|9.29 (927|369 321 | 203 | 206 (148|258 | 17.1 |87.5|253 | 0.268 | 38.0

4.0 % 7.97 10.1 175|750 | 103 | 40.7 | 3.18 | 2.00 | 22.8 | 16.3 [ 28.8 | 19.1 | 97.7 | 28.0 | 0.266 | 33.4

5.0% 9.70 12.4 13.0 | 5.00 | 121 [47.4 | 3.12 | 1.96 | 26.8 | 18.9 [ 34.4 | 22.7 | 116 | 32.7 | 0.263 | 27.1

100 x 40 3.0% 6.13 7.81 28.3 (833|923 217|344 | 167 |(185|10.8 |23.7 | 124 [ 59.0 | 19.4 | 0.270 | 44.0
4.0 % 7.97 10.1 20.0 [ 5.00 | 116 [26.7 | 3.38 | 1.62 [23.1 | 13.3 | 30.3 | 15.7 | 74.5 | 24.0 | 0.266 | 33.4

50% 9.70 12.4 15.0 | 3.00 | 136 [ 30.8 | 3.31 | 1.58 [27.1 | 154 [ 36.1 | 185 | 87.9 | 27.9 | 0.263 | 27.1

100 x 50 3.0%F 6.60 8.41 283 | 11.7 | 106 [ 36.1 | 3.56 | 2.07 [21.3 | 14.4 | 26.7 | 16.4 | 88.6 | 25.0 | 0.290 | 43.9
4.0 % 8.59 109 |[20.0 | 750 | 134 (449 | 350 | 2.03 | 26.8 | 18.0 | 34.1 | 20.9 | 113 | 31.3 [ 0.286 | 33.3

5.0% 10.5 13.4 15.0 | 5.00 | 158 | 52.5 | 3.44 | 1.98 | 31.6 | 21.0 [ 40.8 [ 25.0 | 135 | 36.8 | 0.283 | 27.0

6.0 ¥ 12.3 15.6 11.7 [ 833 | 179 | 58.7 | 3.38 | 1.94 | 35.8 | 235 |46.9 | 28,5 | 154 | 41.4 | 0.279 | 22.7

100 x 60 3.0% 7.07 9.01 283 (15.0 | 121 | 54.6 [ 3.66 | 2.46 |24.1 | 18.2 |29.6 | 20.8 | 122 | 30.6 | 0.310 | 43.8
35% 8.16 10.4 236|121 | 137 | 619 [ 3.63 | 2.44 | 27.4 | 20.6 | 33.8 | 23.8 | 139 | 34.8 | 0.308 | 37.7

4.0 % 9.22 1.7 20.0 | 10.0 | 153 [ 68.7 | 3.60 | 2.42 | 30.5| 229 | 37.9 | 26.6 | 156 | 38.7 | 0.306 | 33.2

5.0% 1.3 14.4 15.0 | 7.00 | 181 [ 80.8 | 3.55 | 2.37 [ 36.2 | 26.9 | 45.6 [ 31.9 | 188 | 45.8 | 0.303 | 26.8

6.0 13.2 16.8 11.7 [ 5.00 | 205 | 91.2 | 3.49 | 2.33 | 41.1 | 30.4 | 52.5 | 36.6 | 216 | 51.9 | 0.299 | 22.7

1 Grade S275 not available from some leading producers
() For local buckling calculation d =D — 5t and b = B — 5t.

. Check availability.
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COLD-FORMED
RECTANGULAR HOLLOW SECTIONS

DIMENSIONS AND PROPERTIES

Section Mass | Area Ratios for Second Radius of Elastic Plastic Torsional Surface Area
Designation per of Local Moment Gyration Modulus Modulus Constants
Metre | Section | Buckling of Area
Size Thickness Axis | Axis | Axis | Axis | Axis | Axis | Axis | Axis Per Per
XX | yy | x=x vy XX | yy | xx | yy Metre | Tonne
DxB t A dn | ba® J C
mm mm kg/m cm? cm* [ cm* | cm cm | em® | cm® [ cm® [ em® | em* | em® | m? m?

100 x 80 30% 8.01 102 [ 283 |21.7 | 149 | 106 |3.82 | 3.22 | 29.8 | 26.4 | 35.4 | 30.4 | 196 | 41.9 | 0.350 | 43.7
40% 10.5 18.3 [20.0|15.0 | 189 | 134 |3.77 | 8.17 | 37.9 | 33.5 | 45.6 | 39.2 | 254 | 53.4 | 0.346 | 33.0
50% 12.8 16.4 |15.0| 11.0 | 226 | 160 |3.72 | 3.12 | 45.2 | 39.9 | 55.1 | 47.2 | 308 | 63.7 | 0.343 | 26.8

120 x 40 30% 7.07 9.01 35.0 | 8.33 | 148 | 25.8 [ 4.05 | 1.69 | 24.7 (129 | 322 | 14.6 | 74.6 | 23.5 | 0.310 | 43.8
40% 9.22 117 |25.0 | 5.00 | 187 | 31.9 [ 3.99 | 1.65 | 31.1 [ 15.9 | 41.2 | 185 | 94.2 | 29.2 | 0.306 | 33.2
50% 1.3 14.4 19.0 | 3.00 | 221 [ 36.9 | 392 | 1.60 | 36.8 |18.5 [49.4 |22.0 | 111 | 34.1 [ 0.303 | 26.8

120 x 60 30t 8.01 102 |[35.0 150 | 189 [ 64.4 | 430 | 251 (315|215 |39.2 [ 24.2 | 156 | 37.1 [ 0.350 | 43.7
35% 9.26 118 293|121 | 216 | 73.1 (428 | 249 | 359 (24.4 | 449 |27.7 | 179 | 422 | 0.348 | 37.6
4.0 % 10.5 133 [25.0 | 10.0 | 241 | 81.2 | 425 | 2.47 |40.1 |27.1 | 50.5 [ 31.1 | 201 | 47.0 | 0.346 | 33.0
5.0% 12.8 16.4 19.0 | 7.00 | 287 | 96.0 [ 4.19 | 2.42 | 47.8 | 32.0 | 60.9 | 37.4 | 242 | 55.8 | 0.343 | 26.8
6.0% 15.1 19.2 15.0 | 5.00 | 328 | 109 [ 4.13 | 2.38 | 54.7 | 36.3 | 70.6 | 43.1 | 280 | 63.6 | 0.339 | 22.5

120 x 80 30% 8.96 11.4 |35.0 (217|230 | 123 | 4.49 | 3.29 [ 384 |30.9 [46.2 | 35.0 | 255 | 50.8 | 0.390 | 43.5
40% 1.7 149 |25.0|15.0 | 295 | 157 | 4.44 | 3.24 | 49.1 [ 39.3 | 59.8 | 45.2 | 331 | 64.9 | 0.386 | 33.0
50% 14.4 18.4 19.0 | 11.0 | 353 | 188 | 4.39 | 3.20 | 58.9 | 46.9 | 72.4 | 54.7 | 402 | 77.8 | 0.383 | 26.6
6.0t 17.0 21.6 15.0 | 8.33 | 406 | 215 | 4.33 | 3.15 | 67.7 | 53.8 | 84.3 | 63.5 | 469 | 89.4 | 0.379 | 22.3
80¢t 21.4 27.2 10.0 | 5.00 | 476 | 252 | 4.18 | 3.04 [ 79.3 | 629 | 102 | 76.9 | 584 | 108 | 0.366 | 17.1

140 x 80 30% 9.90 12.6 417|217 | 334 | 141 | 515 | 3.35 | 47.8 | 35.3 | 58.2 | 39.6 | 317 | 59.7 | 0.430 | 43.4
40% 13.0 16.5 [30.0 | 15.0 | 430 | 180 | 5.10 | 3.30 | 61.4 (451 | 755 | 51.3 | 412 | 76.5 | 0.426 | 32.8
50% 16.0 204 |23.0 | 11.0 | 517 | 216 | 5.04 | 3.26 | 73.9 | 54.0 | 91.8 | 62.2 | 501 | 91.8 | 0.423 | 26.4
6.0% 18.9 240 | 183|833 | 597 | 248 | 498 | 321 | 853 | 62.0 | 107 | 72.4 | 584 | 106 | 0.419 | 22.2
80% 23.9 304 | 125|500 | 708 | 293 | 4.82 | 3.10 | 101 | 73.3 | 131 | 88.4 | 731 | 129 | 0.406 | 17.0
10.0 £ 28.7 36.6 |9.00|3.00 | 804 | 330 |469 | 3.01 | 115 | 826 | 152 | 103 | 851 | 147 | 0.397 | 13.8

150 x 100 40% 14.9 189 |[325(20.0| 595 | 319 | 560 | 4.10 | 79.3 | 63.7 | 95.7 | 725 | 662 | 105 | 0.486 | 32.6
50t 18.3 234 | 25.0|15.0 | 719 | 384 | 555 | 4.05 | 959 (76.8 | 117 | 88.3 | 809 | 127 | 0.483 | 26.4
601t 21.7 27.6 | 20.0| 11.7 | 835 | 444 | 550 | 401 | 111 | 88.8 | 137 | 103 | 948 | 147 | 0.479 | 221
80t 27.7 35.2 13.8 | 7.50 (1010 | 536 | 5.35 | 3.90 | 134 | 107 | 169 | 128 | 1210 | 182 | 0.466 | 16.8
10.0 33.4 42.6 10.0 | 5.00 | 1160 | 614 | 522 | 3.80 | 155 | 123 | 199 | 150 | 1430 | 211 | 0.457 | 13.7

160 x 80 50% 17.5 224 |27.0|11.0 | 722 | 244 | 568 | 3.30 | 90.2 | 61.0 | 113 | 69.7 | 601 | 106 | 0.463 | 26.5
6.0% 20.7 264 | 217|833 | 836 | 281 [562| 326 | 105 | 70.2 | 132 | 81.3 | 702 | 122 | 0.459 | 22.2
80% 26.4 336 | 15.0 | 5.00 [1000| 335 | 5.46 | 3.16 | 125 | 83.7 | 163 | 100 | 882 | 150 | 0.446 | 16.9

180 x 80 40% 15.5 19.7 |40.0 | 15.0 | 802 | 227 | 6.37 | 3.39 | 89.1 [ 56.7 | 112 | 63.5 | 578 | 99.6 | 0.506 | 32.6
50% 191 244 |31.0| 110|971 | 272 | 6.31 | 3.34 | 108 (68.1 | 137 | 77.2 | 704 | 120 | 0.503 | 26.3
6.0t 22.6 28.8 |25.0|8.33|1130| 314 [ 6.25 | 3.30 | 125 [ 78.,5 | 160 | 90.2 | 823 | 139 | 0.499 | 221
80¢t 28.9 36.8 17.5 | 5.00 (1360 | 377 | 6.08 | 3.20 | 151 | 94.1 | 198 | 111 | 1040 | 170 | 0.486 | 16.8
10.0 £ 35.0 44.6 13.0 | 3.00 (1570 | 429 | 594 | 3.10 | 174 | 107 | 234 | 131 | 1210 | 196 | 0.477 | 13.6

180 x 100 40% 16.8 21.3 |40.0 | 20.0 | 926 | 374 | 6.59 | 4.18 | 103 | 74.8 | 126 | 84.0 | 854 | 127 | 0.546 | 32.5
50% 20.7 26.4 |31.0|15.0 [ 1120 | 452 | 6.53 | 4.14 | 125 | 90.4 | 154 | 103 | 1040 | 154 | 0.543 | 26.2
6.0 245 312 |25.0 | 11.7 [1310| 524 | 6.48 | 410 | 146 | 105 | 181 | 120 [ 1230 | 179 | 0.589 | 22.0
80% 31.4 40.0 17.5| 7.50 [ 1600 | 637 [ 6.32 | 3.99 | 178 | 127 | 226 | 150 | 1570 | 222 | 0.526 | 16.8
10.0 £ 38.1 48.6 13.0 | 5.00 [ 1860 | 736 | 6.19 | 3.89 | 207 | 147 | 268 | 177 | 1860 | 260 | 0.517 | 13.6

1 Grade S275 not available from some leading producers. Check availability.
(" For local buckling calculation d = D — 5t and b = B — 5t.



1194  Dimensions and properties

COLD-FORMED
RECTANGULAR HOLLOW SECTIONS

DIMENSIONS AND PROPERTIES

Section Mass | Area | Ratios for Second Radius of Elastic Plastic Torsional Surface Area
Designation per of Local Moment Gyration Modulus Modulus Constants
Metre | Section | Buckling of Area
Size Thickness Axis | Axis | Axis | Axis | Axis | Axis | Axis | Axis Per Per
X-X Y-y | xx | yy | xx | yy | xx y-y Metre | Tonne
DxB t A dn | b J C

mm mm kg/m | cm? cm* [ em* [ em [ em | em® | em® [ cm® | cm® | cm* | em® | m? m?
200 x 100 4.01% 18.0 229 |45.0(20.0| 1200 | 411 |7.23 (423 | 120 | 822 148 | 91.7 | 985 142 | 0.586 | 32.6
5.0% 22.3 28.4 |35.0(15.0| 1460 | 497 | 717 [ 4.19| 146 |99.4 ( 181 112 | 1210 | 172 | 0.583 | 26.1

6.0 ¥ 26.4 336 (283 (11.7| 1700 | 577 |7.12|4.14| 170 | 115 | 213 | 132 | 1420 | 200 | 0.579 | 21.9

8.0% 33.9 | 432 |20.0|7.50| 2090 | 705 |6.95|4.04 | 209 | 141 | 267 | 165 | 1810 | 250 | 0.566 | 16.7

100 413 | 526 |[15.0|5.00| 2440 | 818 [6.82(3.94 | 244 | 164 | 318 | 195 | 2150 | 292 | 0.557 | 13.5

200 x 120 401% 19.3 245 |450 (250 1350 | 618 |7.43(5.02| 135 | 103 | 164 | 115 | 1350 | 172 | 0.626 | 32.4
50% 23.8 30.4 |35.0(19.0| 1650 | 750 |7.37 | 4.97 | 165 | 125 | 201 141 1650 | 210 | 0.623 | 26.2

6.0 £ 283 | 36.0 |283|15.0| 1930 | 874 |7.32|4.93| 193 | 146 | 237 | 166 | 1950 | 245 | 0.619 | 21.9

8.0t 36.5 | 46.4 |20.0|10.0| 2390 [1080 |7.17 |4.82| 239 | 180 | 298 | 209 | 2510 | 308 | 0.606 | 16.6

10.0 444 | 56.6 |[15.0|7.00| 2810 | 1260 | 7.04 | 4.72| 281 | 210 | 356 | 250 | 3010 | 364 | 0.597 | 13.4

200 x 150 401% 21.2 26.9 |45.0 (325 | 1580 | 1020 |7.67 [ 6.16 | 158 | 136 | 187 | 154 | 1940 | 219 | 0.686 | 32.4
5.0% 26.2 33.4 |35.0(25.0| 1930 | 1250 |7.62|6.11 | 193 | 166 | 230 | 189 | 2390 | 267 | 0.683 | 26.1

6.0 t 31.1 39.6 |28.3|20.0| 2270 | 1460 |7.56 | 6.06 | 227 | 194 | 271 | 223 | 2830 | 313 [ 0.679 | 21.8

801 40.2 51.2 [20.0|13.8| 2830 | 1820 | 7.43 [ 5.95| 283 | 242 | 344 | 283 | 3660 | 396 | 0.666 [ 16.6

10.0 49.1 62.6 |15.0|10.0| 3350 2140 (7.31|5.85| 335 | 286 | 413 | 339 | 4430 | 471 | 0.657 [ 13.4

250 x 150 50t 30.1 38.4 |45.0|25.0| 3300 | 1510 (9.28 | 6.27 | 264 | 201 | 320 | 225 | 3280 | 337 | 0.783 | 26.0
6.0 £ 358 | 456 |36.7(20.0| 3890 [1770|9.23|6.23 | 311 | 236 | 378 | 266 | 3890 | 396 | 0.779 | 21.8

8.0t 46.5 | 59.2 |[26.3|13.8| 4890 | 2220 [9.08 | 6.12 | 391 | 296 | 482 | 340 | 5050 | 504 | 0.766 | 16.5

10.0 57.0 | 72.6 |20.0|10.0| 5830 |2630 |8.96 |6.02| 466 | 351 | 582 | 409 | 6120 | 602 | 0.757 | 13.3

12.0 ¢ 66.0 84.1 15.8 | 7.50 | 6460 | 2930 | 8.77 | 5.90 [ 517 | 390 | 658 | 463 | 7090 | 684 | 0.738 [ 11.2

125 % 68.3 87.0 15.0 | 7.00 | 6630 | 3000 | 8.73 | 5.87 | 531 | 400 | 678 | 477 | 7310 | 704 | 0.736 | 10.8

300 x 100 6.0 t 35.8 | 45.6 |45.0(11.7| 4780 | 842 |10.2|4.30| 318 | 168 | 411 | 188 | 2400 | 306 | 0.779 | 21.8
8.0¢% 46.5 | 59.2 [325|7.50| 5980 | 1040 [ 10.0 [ 420 | 399 | 209 | 523 | 238 | 3080 | 385 | 0.766 | 16.5

10.0 £ 57.0 | 72.6 |25.0(5.00| 7110 [1220 |9.90 | 4.11 | 474 | 245 | 631 | 285 | 3680 | 455 | 0.757 | 13.3

120 % 66.0 | 84.1 |20.0(3.33| 7810 [ 1340 |9.64 |4.00 | 521 | 269 | 710 | 321 | 4180 | 508 | 0.738 [ 11.2

125 % 68.3 | 87.0 |19.0(3.00| 8010 [ 1370 |9.59 | 3.97 | 534 | 275 | 732 | 330 | 4290 | 521 [ 0.736 | 10.8

300 x 200 6.0 £ 45.2 57.6 |45.0|28.3| 7370 [ 3960 | 11.3 [ 8.29 | 491 | 396 | 588 | 446 | 8120 | 651 | 0.979 [ 21.7
8.0t 59.1 75.2 [32.5|20.0| 9390 [5040 | 11.2 (8.19 | 626 | 504 | 757 | 574 | 10600 | 838 | 0.966 [ 16.3

10.0 £ 72.7 926 |25.0(15.0| 11300 | 6060 | 11.1 [ 8.09 | 754 | 606 | 921 | 698 | 13000 | 1010 | 0.957 | 13.2

12.0 ¢ 84.8 108 20.0 | 11.7 | 12800 | 6850 [ 10.9 | 7.96 | 853 | 685 | 1060 | 801 | 15200 | 1170 [ 0.938 [ 11.1

125 ¢ 88.0 12 19.0 | 11.0 | 13200 | 7060 | 10.8 [ 7.94 | 879 | 706 | 1090 | 828 | 15800 | 1200 | 0.936 | 10.6

400 x 200 8.0¢% 71.6 | 91.2 |45.0|20.0| 19000 | 6520 | 14.4 | 8.45 | 949 | 652 | 1170 | 728 | 15800 | 1130 16.3
100 88.4 113 | 35.0 | 15.0 | 23000 | 7860 | 14.3 | 8.36 | 1150 | 786 | 1430 | 888 | 19400 | 1370 13.1

120% 104 132 [ 28.3 | 11.7 | 26200 | 8980 | 14.1 | 8.24 | 1310 | 898 | 1660 | 1030 | 22800 | 1590 11.0

125 ¢ 108 137 [27.0|11.0 | 27100 | 9260 | 14.1 | 8.22 | 1360 | 926 | 1710 | 1060 | 23600 | 1640 10.6

1 Grade S275 not available from some leading producers. Check availability.
M For local buckling calculation d =D — 5t and b = B — 5t.
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T B b, ASB (ASYMMETRIC BEAMS) v
—’1*‘_)1“— —1~
T o0
D Llg x — 4— x
JLT
—_
=T <56 DIMENSIONS AND PROPERTIES g
B
e
Section Mass | Depth Width of Thickness Root Depth Ratios for Second Surface Area
Designation per of Flange Radius | between Local Buckling Moment
Metre | Section Fillets of Area
Top | Bottom | Web | Flange Flanges Web | Axis Axis Per Per
X-X y-y | Metre | Tonne
D B, B, t T r d b/T | by/T | dit
kg/m mm |[mm| mm mm mm mm mm cm* cm* m? m?
300 ASB 249t | 249 342 203 313 40.0 | 40.0 27.0 208 2.54 | 3.91 | 5.20 | 52900 | 13200 | 1.59 | 6.38
300 ASB 196 196 342 183 293 20.0 | 40.0 27.0 208 2.29 | 3.66 | 10.4 | 45900 | 10500 | 1.55 | 7.93
300 ASB 1851 | 185 320 195 305 32.0 | 29.0 27.0 208 3.36 | 5.26 | 6.50 | 35700 | 8750 | 1.53 | 8.29
300 ASB 155 155 326 179 289 16.0 [ 32.0 27.0 208 2.80 | 4.52 | 13.0 | 34500 | 7990 | 1.51 9.71
300 ASB 1531 | 153 310 190 300 27.0 | 24.0 27.0 208 3.96 | 6.25 | 7.70 | 28400 | 6840 | 1.50 | 9.81
280 ASB 1361 | 136 288 190 300 25.0 | 22.0 24.0 196 4.32 | 6.82 | 7.84 | 22200 | 6260 | 1.46 10.7
280 ASB 124 124 296 178 288 13.0 | 26.0 24.0 196 3.42 | 5.54 | 15.1 | 23500 | 6410 1.46 1.8
280 ASB 105 105 288 176 286 11.0 22.0 24.0 196 4.00 | 6.50 | 17.8 | 19200 | 5300 1.44 13.7
280 ASB 100t | 100 276 184 294 19.0 16.0 24.0 196 5.75 [ 9.19 | 10.3 | 15500 | 4250 1.43 142
280 ASB 74 73.6 272 175 285 10.0 14.0 24.0 196 6.25 | 10.2 | 19.6 | 12200 | 3330 1.40 19.1

1 Sections are fire engineered with thick webs.
ASB sections are only available in S355.
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H ASB (ASYMMETRIC BEAMS)
==
Ye
X Elastic N.A. —
—— Piastic N.A—
v PROPERTIES (CONTINUED)
Section Radius Elastic Neutral Axis Plastic Buckling | Torsional | Warping | Torsional | Area
Designation of Gyration Modulus Position Modulus Parameter | Index | Constant | Constant of
Section
Axis | Axis | Axis Axis | Axis | Elastic | Plastic | Axis | Axis
XX | yy | x=x X-X y-y XX | yy
Top | Bottom Ye Yo u X H J A
cm [ em [ em® | cm® |cm® | cm cm cm® | cm® dm® cm* cm?
300 ASB 2491 | 12.9  6.40 | 2760 | 3530 | 843 | 19.2 22.6 | 3760 | 1510 0.820 6.80 2.00 2000 318
300 ASB 196 | 13.6 [ 6.48 | 2320 | 3180 | 714 | 19.8 28.1 | 3060 | 1230 0.840 7.86 1.50 1180 249
300 ASB 1851 | 12.3 [ 6.10 | 1980 | 2540 | 574 | 18.0 21.0 | 2660 | 1030 0.820 8.56 1.20 871 235
300 ASB 155 | 13.2 [ 6.35 | 1830 | 2520 | 553 | 18.9 27.3 | 2360 | 950 0.840 9.40 1.07 620 198
300 ASB 1531 | 12.1 [ 5.93 | 1630 | 2090 | 456 | 17.4 20.4 | 2160 | 817 0.820 9.97 0.895 513 195
280 ASB 1361 | 11.3 [ 6.00 | 1370 | 1770 | 417 | 16.3 19.2 | 1810 | 741 0.810 10.2 0.710 379 174
280 ASB 124 12.2 [ 6.37 | 1360 | 1900 | 445 | 17.3 25.7 | 1730 | 761 0.830 10.5 0.721 332 158
280 ASB 105 12.0 | 6.30 | 1150 | 1610 | 370 | 16.8 25.3 | 1440 | 633 0.830 121 0.574 207 133
280 ASB 100t | 11.0 | 5.76 | 995 1290 | 289 | 15.6 18.4 | 1290 | 511 0.810 13.2 0.451 160 128
280 ASB 74 11.4 | 5.96 | 776 1060 | 234 | 15.7 21.3 978 | 403 0.830 16.7 0.338 72.0 93.7

1 Sections are fire engineered with thick webs.
ASB sections are only available in S355.
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é PARALLEL FLANGE CHANNELS
n
D] - -(—t d
PRI
Section Mass | Depth Width Thickness Root | Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
Web | Flange Flange | Web End Notch Per Per
Clearance Metre | Tonne
D B t T r d b/T dit C N n
kg/m mm mm mm mm mm mm mm mm | mm | m? m?
430 x 100 x 64 | 64.4 430 100 1.0 19.0 15 362 5.26 32.9 13 96 36 1.23 19.0
380 x 100 x 54 | 54.0 380 100 9.5 175 15 315 5.71 33.2 12 98 34 1.13 20.9
300 x 100 x 46 | 45.5 300 100 9.0 16.5 15 237 6.06 |26.3 1" 98 | 32 (0969 | 21.3
300 x 90 x 41 41.4 300 90 9.0 15.5 12 245 581 |27.2 1 88 | 28 | 0.932 | 225
260 x 90 x 35 34.8 260 90 8.0 14.0 12 208 6.43 | 26.0 10 88 | 28 [0.854 | 24.5
260 x 75 x 28 27.6 260 75 7.0 12.0 12 212 6.25 |30.3 9 74 | 26 [0.796 | 28.8
230 x 90 x 32 32.2 230 90 7.5 14.0 12 178 6.43 23.7 10 90 28 | 0.795 | 24.7
230 x 75 x 26 25.7 230 75 6.5 125 12 181 6.00 27.8 9 76 | 26 | 0.737 | 28.7
200 x 90 x 30 29.7 200 90 7.0 14.0 12 148 6.43 | 21.1 9 90 | 28 | 0.736 | 24.8
200 x 75 x 23 23.4 200 75 6.0 125 12 151 6.00 |25.2 8 76 | 26 [0.678 | 28.9
180 x 90 x 26 26.1 180 90 6.5 125 12 131 7.20 |20.2 9 90 | 26 | 0.697 | 26.7
180 x 75 x 20 20.3 180 75 6.0 10.5 12 135 714 225 8 76 | 24 | 0.638 | 31.4
150 x 90 x 24 23.9 150 90 6.5 12.0 12 102 750 |15.7 9 90 | 26 [0.637 | 26.7
150 x 75 x 18 17.9 150 75 55 10.0 12 106 7.50 19.3 8 76 24 | 0579 | 324
125 x65 x 15# | 14.8 125 65 55 9.5 12 82.0 6.84 14.9 8 66 22 |0.489 | 331
100 x50 x 10 # | 10.2 100 50 5.0 85 9 65.0 588 |13.0 7 52 | 18 [0.382 | 37.5

#Check availability.
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PARALLEL FLANGE CHANNELS

=
I
-

Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis
X-X y-y X-X y-y X=X y-y X-X y-y u X H J A
cm* cm* | cm cm cm® | em® | ecm® | cm® dm® cm* cm?
430 x 100 x 64 21900 722 | 16.3 | 2.97 |1020 | 97.9 | 1220 | 176 0.917 22.5 0.219 63.0 82.1
380 x 100 x 54 15000 643 | 14.8 | 3.06 791 | 89.2 | 933 161 0.933 21.2 0.150 45.7 68.7
300 x 100 x 46 8230 568 3.13 | 549 | 81.7 | 641 | 148 0.944 17.0 0.0813 36.8 58.0
300 x 90 x 41 7220 404 2.77 481 | 63.1 568 114 0.934 18.4 0.0581 28.8 52.7
260 x 90 x 35 4730 353 | 10.3 | 2.82 364 | 56.3 | 425 102 0.943 17.2 0.0379 20.6 44.4
260 x 75 x 28 3620 185 | 10.1 2.30 278 | 344 | 328 | 62.0 0.932 20.5 0.0203 1.7 35.1
230 x 90 x 32 3520 334 | 9.27 | 2.86 306 | 55.0 | 355 | 98.9 0.949 15.1 0.0279 19.3 41.0
230 x 75 x 26 2750 181 917 | 2.35 239 | 348 | 278 | 63.2 0.945 17.3 0.0153 1.8 32.7
200 x 90 x 30 2520 314 | 816 | 2.88 | 252 | 53.4 | 291 | 945 0.952 12.9 0.0197 18.3 37.9
200 x 75 x 23 1960 170 | 8.11 2.39 196 | 33.8 | 227 | 60.6 0.956 14.7 0.0107 1.1 29.9
180 x 90 x 26 1820 277 | 7.40 | 2.89 202 | 474 | 232 | 835 0.950 12.8 0.0141 13.3 33.2
180 x 75 x 20 1370 146 | 7.27 | 2.38 152 [ 28.8 | 176 | 51.8 0.945 15.3 0.00754 7.34 259
150 x 90 x 24 1160 253 | 6.18 | 2.89 155 | 444 | 179 | 76.9 0.937 10.8 0.00890 1.8 30.4
150 x 75 x 18 861 131 6.15 | 2.40 115 | 26.6 | 132 | 47.2 0.945 131 0.00467 6.10 22.8
125 x 65 x 15 # 483 80.0 | 5.07 | 2.06 | 77.3 | 18.8 | 89.9 | 33.2 0.942 1.1 0.00194 4.72 18.8
100 x 50 x 10 # 208 323 | 400 | 158 (415 [ 9.89 | 489 | 175 0.942 10.0 0.000491 2.53 13.0

# Check availability.
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PARALLEL FLANGE CHANNELS

1199

MAJOR AXIS REDUCED PLASTIC MODULUS UNDER AXIAL LOAD

Section Area Dimension Plastic Major Axis Reduced Modulus
Designation of Modulus
Section Axis Lower Values Change Higher Values
X-X of n Formula of n
A € C, C, Ceq atn=

cm? cm cm cm cm cm® K1 K2 K3 K4

430 x 100 x 64 82.1 3.27 5.34 2.62 0.954 1220 1220 1530 0.525 168 9.48
380 x 100 x 54 68.7 3.48 5.79 2.79 0.904 933 933 1240 0.477 118 10.1
300 x 100 x 46 58.0 3.68 6.29 3.05 1.31 641 641 934 0.414 84.1 9.35
300 x 90 x 41 52.7 3.18 5.33 2.60 0.879 568 568 772 0.459 77.2 9.24
260 x 90 x 35 44.4 3.32 5.66 2.74 1.14 425 425 615 0.418 54.7 9.55
260 x 75 x 28 35.1 2.62 4.37 2.10 0.676 328 328 441 0.470 41.2 10.1
230 x 90 x 32 41.0 3.46 6.01 2.92 1.69 355 355 559 0.370 46.6 | 9.1
230 x 75 x 26 32.7 2.78 4.75 2.30 1.03 278 278 41 0.408 35.6 9.55
200 x 90 x 30 37.9 3.60 6.37 3.12 2.24 291 291 512 0.318 39.8 8.51
200 x 75 x 23 29.9 2.91 5.09 2.48 1.53 227 227 372 0.352 29.7 9.04
180 x 90 x 26 33.2 3.64 6.48 3.17 2.36 232 232 424 0.304 30.6 8.76
180 x 75 x 20 25.9 2.87 4.98 2.41 1.34 176 176 280 0.368 22.4 9.42
150 x 90 x 24 30.4 3.71 6.69 3.30 2.66 179 179 356 0.269 257 | 7.88
150 x 75 x 18 22.8 2.99 5.29 2.58 1.81 132 132 236 0.314 17.3 8.88
125 x 65 x 15 # 18.8 2.56 4.53 2.25 1.55 89.9 89.9 161 0.310 13.6 7.64
100 x 50 x 10 # 13.0 1.94 3.43 1.73 1.18 48.9 48.9 84.5 0.319 8.45 6.69

# Check availability.

&, is the distance from the centre of the web to the shear centre.

C, is the distance from the centriodal axis to the shear centre.

C, is the distance from the back of the web to the centroidal axis.

C.,q is the distance from the back of the web to the equal area axis.
n = F/(Aq -p,), where F is the factored axial load, A, is the gross cross sectional area and p, is the design strength of the section.
For lower values of n, the reduced plastic modulus, S, = K1 — K2.n?
For higher values of n, the reduced plastic modulus, S, = K3(1 — n)(K4 + n)



1200 Dimensions and properties
PARALLEL FLANGE CHANNELS
MINOR AXIS REDUCED PLASTIC MODULUS UNDER AXIAL LOAD
Section Dimension | Plastic Minor Axis reduced Modulus under axial load about centroidal axis
Designation Modulus
Axis Axial load and moment inducing stresses | Change | Axial load and moment inducing stresses
y-y of the same kind towards back of web Formula | of the opposite kind towards back of web
atn=
Lower Values of n Higher Values of n Lower Values of n Higher Values of n
CY
cm cm?® K1 K2 K3 K1 K2 K3 K1 K2 K3 K1 K2 K3
430 x 100 x 64 2.62 176 176 | 39.2 | 3.49 | 162 | 443 | 0.634 | 0.152 176 | 39.2 | 3.49 | 176 | 39.2 | 3.49
380 x 100 x 54 2.79 161 161 | 31.1 | 417 | 158 | 338 | 0.532 | 0.0503 | 161 | 31.1 | 4.17 | 161 | 31.1 [ 4.17
300 x 100 x 46 3.05 148 148 | 255 | 0.419 | 148 | 255 | 0.419 | 0.0689 | 148 | 255 | 0.419 | 149 | 28.0 | 4.32
300 x 90 x 41 2.60 114 114 | 232 | 392 | 113 | 224 | 0.495 | 0.0241 114 | 232 | 3.92 | 114 | 23.2 | 3.92
260 x 90 x 35 2.74 102 102 | 176 | 0.419 | 102 176 | 0.419 | 0.0626 102 176 | 0.419 | 103 | 18.9 | 4.42
260 x 75 x 28 2.10 62.0 62.0 [ 11.9 | 422 | 61.0 | 129 | 0.525 | 0.0359 | 62.0 | 11.9 | 422 | 62.0 | 11.9 | 4.22
230 x 90 x 32 2.92 98.9 98.9 ( 150 | 0.338 | 99.1 | 150 | 0.338 | 0.158 | 98.9 | 150 | 0.338 | 101 | 18.2 | 4.56
230 x 75 x 26 2.30 63.2 63.2 [ 107 | 0.410 | 63.1 | 107 | 0.410 | 0.0854 | 63.2 | 107 | 0.410 | 63.6 | 11.6 | 4.47
200 x 90 x 30 3.12 94.5 945 | 128 | 0.261 | 94.5 | 128 | 0.261 0.260 | 94.5 | 128 | 0.261 | 100 | 17.9 | 4.60
200 x 75 x 23 2.48 60.6 60.6 | 89.2 | 0.318 | 60.6 | 89.2 | 0.318 | 0.196 | 60.6 | 89.2 | 0.318 | 62.8 | 11.2 | 4.64
180 x 90 x 26 3.17 83.5 835 | 110 [ 0.242 (835 | 110 | 0.242 | 0.295 | 83.5 | 110 | 0.242 | 89.8 | 15.3 | 4.87
180 x 75 x 20 2.41 51.8 51.8 (79.9 | 0.350 | 51.9 | 79.9 | 0.350 | 0.166 | 51.8 | 79.9 | 0.350 | 53.1 | 9.32 | 4.70
150 x 90 x 24 3.30 76.9 76.9 | 96.3 | 0.201 | 76.9 | 96.3 | 0.201 0.359 | 76.9 | 96.3 | 0.201 | 85.0 | 15.4 | 4.52
150 x 75 x 18 2.58 47.2 47.2 | 64.8 | 0.271 | 47.2 | 64.8 | 0.271 0.275 | 47.2 | 64.8 | 0.271 | 50.1 | 8.64 | 4.80
125 x 65 x 15 # 2.25 33.2 33.2 | 46.5 | 0.281 | 33.4 | 46.5 | 0.281 0.269 | 33.2 | 46.5 | 0.281 | 35.2 | 7.07 | 3.98
100 x 50 x 10 # 1.73 17.5 1751 24.8 | 0.291 | 17.6 | 24.8 | 0.291 0.231 175 | 248 | 0.291 | 18.3 | 4.22 | 3.33

# Check availability.

C, is the distance from the back of the web to the centroidal axis.
n = F/(Aq -p,), where F is the factored axial load, A, is the gross cross sectional area and p, is the design strength of the section.

For axial load and moment inducing stresses of the same kind towards back of web, the reduced plastic modulus, S, = K1 + K2.n.(K3 - n)
For axial load and moment inducing stresses of the opposite kind towards back of web, the reduced plastic modulus, S, = K1 — K2.n.(K3 + n)
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TWO PARALLEL FLANGE CHANNELS LACED
Y
= |
X = ﬂ - x
—] i,
s
DIMENSIONS AND PROPERTIES
Composed Total Total Space Second Moment Radius Elastic Plastic
of Two Mass Area between of Area of Gyration Modulus Modulus
Channels per Webs
Metre Axis Axis Axis Axis Axis Axis Axis Axis
s X-X y-y X-X y-y X-X y-y X-X y-y
kg/m cm? mm cm* cm* cm cm cm® cm?® cm® cm?®
430 x 100 x 64 129 164 270 43900 44100 16.3 16.4 2040 1880 2440 2650
380 x 100 x 54 108 137 235 30100 30400 14.8 14.9 1580 1400 1870 2000
300 x 100 x 46 91.1 116 170 16500 16600 12.0 1100 898 1280 1340
300 x 90 x 41 82.8 105 175 14400 14400 1.7 962 811 1140 1200
260 x 90 x 35 69.7 88.8 145 9460 9560 10.3 10.4 727 588 849 886
260 x 75 x 28 55.2 70.3 155 7240 7190 10.1 10.1 557 472 656 692
230 x 90 x 32 64.3 81.9 120 7040 7190 9.27 9.37 612 479 709 731
230 x 75 x 26 51.3 65.4 135 5500 5720 9.17 9.35 478 401 557 592
200 x 90 x 30 59.4 75.7 90.0 5050 5030 8.16 8.15 505 372 583 577
200 x 75 x 283 46.9 59.7 105 3930 3910 8.11 8.09 393 306 454 462
180 x 90 x 26 52.1 66.4 75.0 3640 3730 7.40 7.49 404 292 464 459
180 x 75 x 20 40.7 51.8 90.0 2740 2770 7.27 7.31 304 231 352 358
150 x 90 x 24 47.7 60.8 45.0 2320 2380 6.18 6.26 310 212 357 338
150 x 75 x 18 35.7 455 65.0 1720 1810 6.15 6.30 230 168 264 265
125 x 65 x 15 # 29.5 37.6 50.0 966 1010 5.07 5.18 155 112 180 178
100 x 50 x 10 # 20.4 26.0 40.0 415 427 4.00 4.05 83.1 61.0 97.7 97.1

# Check availability.
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TWO PARALLEL FLANGE CHANNELS BACK TO BACK

DIMENSIONS AND PROPERTIES

Composed Total Total Properties about Axis x-x Radius of Gyration r, about Axis y-y (cm)
of Two Mass Area
Channels per Space between webs, s (mm)
Metre Iy I Z, Sx
kg/m cm? cm* cm cm?® cm?® 0 8 10 12 15
430 x 100 x 64 129 164 43900 16.3 2040 2440 3.96 4.23 4.31 4.38 4.49
380 x 100 x 54 108 137 30100 14.8 1580 1870 4.14 4.42 4.49 4.57 4.68
300 x 100 x 46 91.1 116 16500 1100 1280 4.37 4.66 4.73 4.81 4.92
300 x 90 x 41 82.8 105 14400 962 1140 3.80 4.08 4.16 4.23 4.35
260 x 90 x 35 69.7 88.8 9460 10.3 727 849 3.93 4.22 4.29 4.37 4.48
260 x 75 x 28 55.2 70.3 7240 10.1 557 656 3.1 3.40 3.47 3.55 3.66
230 x 90 x 32 64.3 81.9 7040 9.27 612 709 4.09 4.38 4.46 4.53 4.65
230 x 75 x 26 51.3 65.4 5500 9.17 478 557 3.29 3.58 3.66 3.73 3.85
200 x 90 x 30 59.4 75.7 5050 8.16 505 583 4.25 4.55 4.63 4.7 4.83
200 x 75 x 23 46.9 59.7 3930 8.11 393 454 3.44 3.74 3.82 3.89 4.01
180 x 90 x 26 52.1 66.4 3640 7.40 404 464 4.29 4.59 4.67 4.75 4.87
180 x 75 x 20 40.7 51.8 2740 7.27 304 352 3.39 3.68 3.76 3.84 3.95
150 x 90 x 24 47.7 60.8 2320 6.18 310 357 4.39 4.69 4.77 4.85 4.98
150 x 75 x 18 35.7 455 1720 6.15 230 264 3.562 3.82 3.90 3.98 4.10
125 x 65 x 15 # 29.5 37.6 966 5.07 155 180 3.05 3.36 3.44 3.52 3.64
100 x 50 x 10 # 20.4 26.0 415 4.00 83.1 97.7 2.34 2.65 2.73 2.82 2.94

# Check availability.
Properties about y axis
l, = (Total Area) - (r,)?
Z,=1,/(B + 0.5s)

where s is the space between webs.
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DIMENSIONS AND PROPERTIES
Section Mass Radius Area | Dimension Second Moment Radius Elastic |Torsional | Equivalent
Designation per of of Area of Gyration Modulus |Constant | Slenderness
Metre | Root | Toe | Section Coefficient
Size Thickness Axis | Axis | Axis Axis | Axis | Axis Axis
AxA t r r [¢ XX, Y-y | u-u [ Vv-v | X=X, y-y| u-u V-V | X=X, Y-y J
mm mm kg/m | mm | mm cm? cm cm* | cm* | cm* cm cm cm cm® cm* 0a
200 x 200 24 # 711 | 18.0|9.00 | 90.6 5.84 3330 |5280|1380 | 6.06 | 7.64 | 3.90 235 182 2.50
20 59.9 | 18.0|9.00| 76.3 5.68 2850 |4530| 1170 | 6.11 | 7.70 | 3.92 199 107 3.05
18 54.3 | 18.0|9.00 | 69.1 5.60 2600 | 4150|1050 | 6.13 | 7.75 | 3.90 181 78.9 3.43
16 48.5 | 18.0 (9.00| 61.8 5.52 2340 | 3720 | 960 6.16 | 7.76 | 3.94 162 56.1 3.85
150 x 150 18 # 40.1 | 16.0|8.00| 51.2 4.38 1060 | 1680 | 440 455 | 573 | 293 99.8 58.6 2.48
15 33.8 | 16.0 [8.00| 43.0 4.25 898 | 1430 | 370 457 | 576 | 2.93 83.5 34.6 3.01
12 27.3 | 16.0 [8.00| 34.8 412 737 | 1170 | 303 460 | 5.80 | 2.95 67.7 18.2 3.77
10 23.0 | 16.0 [8.00| 29.3 4.03 624 | 990 | 258 462 | 582 | 297 56.9 10.80 4.51
120 x 120 15 # 26.6 | 13.0 [6.50| 34.0 3.52 448 | 710 | 186 3.63 | 457 | 2.34 52.8 27.0 2.37
12 216 | 13.0(6.50| 275 3.40 368 | 584 | 152 3.65 | 4.60 | 2.35 427 14.2 2.99
10 182 | 13.0 |6.50| 23.2 3.31 313 | 497 | 129 3.67 | 4.63 | 2.36 36.0 8.41 3.61
8 # 14.7 | 13.0 |6.50 18.8 3.24 259 411 107 3.71 4.67 | 2.38 29.5 4.44 4.56
100 x 100 15 # 219 | 12.0|6.00| 28.0 3.02 250 | 395 | 105 299 | 376 | 1.94 35.8 223 1.92
12 17.8 | 12.0 [6.00 22.7 2.90 207 328 | 85.7 3.02 3.80 | 1.94 29.1 1.8 2.44
10 15.0 | 12.0|6.00| 19.2 2.82 177 | 280 | 73.0 3.04 | 383|195 24.6 6.97 2.94
8 122 | 12.0|6.00| 155 2.74 145 | 230 | 59.9 3.06 | 3.85 | 1.96 19.9 3.68 3.70
90 x 90 12 # 15.9 | 11.0 |5.50 20.3 2.66 149 235 | 62.0 2.71 3.40 | 1.75 235 10.46 217
10 134 | 11.0|550| 1741 2.58 127 | 201 | 52.6 272 | 342 | 1.75 19.8 6.20 2.64
8 109 | 11.0|550| 13.9 2.50 104 166 | 43.1 274 | 345 | 1.76 16.1 3.28 3.33
7 # 9.61 | 11.0 [650| 122 2.45 92.6 | 147 | 38.3 275 | 846 | 1.77 141 2.24 3.80
80 x 80 10 11.9 | 10.0|5.00| 15.1 2.34 875 | 139 | 36.4 241 | 8.03 | 1.55 15.4 5.45 2.33
81 9.63 | 10.0 [5.00| 12.3 2.26 722 | 115 | 29.9 243 | 8.06 | 1.56 12.6 2.88 2.94
75 x 75 81 8.99 | 9.00 (450 11.4 2.14 59.1 | 93.8 | 245 227 | 2.86 | 1.46 11.0 2.65 2.76
61 6.85 | 9.00 [4.50| 8.73 2.05 458 | 72.7 | 18.9 229 | 289 | 1.47 8.41 117 3.70
70 x 70 7% 7.38 | 9.00 |4.50 | 9.40 1.97 423 | 671 | 175 212 | 267 | 1.36 8.41 1.69 2.92
61 6.38 | 9.00 [4.50| 8.13 1.93 36.9 | 58,5 | 153 213 | 2.68 | 1.37 7.27 1.093 3.41
65 x 65 7% 6.83 | 9.00 |4.50 | 8.73 2.05 334 | 53.0( 138 1.96 | 247 | 1.26 7.18 1.58 2.67
60 x 60 81 7.09 | 8.00|4.00| 9.03 1.77 29.2 | 46.1 | 122 180 | 2.26 | 1.16 6.89 2.09 2.14
61 5.42 | 8.00 [4.00| 6.91 1.69 228 | 36.1 | 9.44 182 | 229 | 1.17 5.29 0.922 2.90
5% 4.57 | 8.00 [4.00| 5.82 1.64 19.4 | 30.7 | 8.03 1.82 | 230 | 1.17 4.45 0.550 3.48
50 x 50 61 4.47 | 7.00 |3.50 | 5.69 1.45 12.8 | 20.3 | 5.34 150 | 1.89 |0.968| 3.61 0.755 2.38
5% 3.77 | 7.00 [3.50| 4.80 1.40 11.0 | 17.4 | 455 151 | 1.90 |0.973| 3.05 0.450 2.88
41 3.06 | 7.00|3.50| 3.89 1.36 897 | 142|373 152 | 1.91 [0.979| 246 0.240 3.57
45 x 45 451% 3.06 | 7.00|3.50| 3.90 1.25 714 | 11.4 | 2.94 135 | 1.71 |0.870| 2.20 0.304 2.84
40 x 40 5% 297 | 6.00(3.00| 3.79 1.16 543 | 8.60 | 2.26 120 | 1.51 |0.773| 1.91 0.352 2.26
41 242 | 6.00 [3.00| 3.08 1.12 447 | 7.09 | 1.86 121 | 152 |0.777| 1.55 0.188 2.83
35 x 35 41 2.09 | 500|250 2.67 1.00 295 | 468 | 1.23 1.05 | 1.32 |0.678| 1.18 0.158 2.50
30 x 30 4% 1.78 | 5.00 250 | 2.27 0.878 1.80 | 2.85(0.754| 0.892 | 1.12 [0.577| 0.850 0.137 2.07
3% 1.36 | 5.00|250| 1.74 0.835 140 | 222 10.585| 0.899 | 1.13 [0.581| 0.649 | 0.0613 2.75
25 x 25 4% 145 | 350 (1.75| 1.85 0.762 1.02 | 1.61[0.430| 0.741 |0.931|0.482| 0.586 | 0.1070 1.75
3% 112 | 350 |1.75| 1.42 0.723 0.803 | 1.27 |0.334| 0.751 [0.945|0.484| 0.452 | 0.0472 2.38
20 x 20 3% 0.882| 3.50 (1.75| 1.12 0.598 0.392 | 0.618|0.165| 0.590 |0.742|0.383| 0.279 | 0.0382 1.81

1 Not available from some leading producers. Check availability.

# Check availability.

c is the distance from the back of the leg to the centre of gravity.
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UNEQUAL ANGLES

DIMENSIONS AND PROPERTIES

Section Mass Radius Dimension Second Moment Radius
Designation per of Area of Gyration
Metre | Root | Toe

Size Thickness Axis | Axis | Axis Axis Axis Axis Axis Axis
AxB t r r Cx cy X-X y-y u-u V-v X-X y-y u-u V-v
mm mm kg/m | mm | mm [ cm cm cm* | cm* | cm? cm* cm cm cm cm
200 x 150 18 # 471 15.0 | 7.50 | 6.34 | 3.86 | 2390 | 1160 | 2920 623 6.30 4.38 6.97 | 3.22
15 39.6 15.0 | 7.50 | 6.21 3.73 | 2020 [ 979 | 2480 526 6.33 4.40 7.00 | 3.23

12 32.0 15.0 | 7.50 | 6.08 | 3.61 | 1650 | 803 | 2030 430 6.36 4.44 7.04 | 3.25

200 x 100 15 33.8 15.0 | 750 | 7.16 | 2.22 | 1760 | 299 1860 193 6.40 2.64 6.59 | 2.12
12 27.3 15.0 | 7.50 | 7.03 | 2.10 | 1440 | 247 1530 159 6.43 2.67 6.63 | 2.14

10 23.0 15.0 | 7.50 | 6.93 | 2.01 | 1220 | 210 1290 135 6.46 2.68 6.65 | 2.15

150 x 90 15 33.9 12.0 | 6.00 | 5.21 2.23 761 205 841 126 4.74 2.46 4.98 | 1.93
12 21.6 12.0 | 6.00 | 5.08 | 2.12 627 171 694 104 4.77 2.49 5.02 | 1.94

10 182 | 12.0 | 6.00 | 5.00 | 2.04 | 533 146 591 88.3 | 4.80 | 2.51 5.05 | 1.95

150 x 75 15 24.8 12.0 | 6.00 | 552 | 1.81 713 119 753 78.6 4.75 1.94 4.88 | 1.58
12 20.2 12.0 | 6.00 | 5.40 | 1.69 588 99.6 623 64.7 4.78 1.97 4.92 | 1.59

10 17.0 12.0 | 6.00 | 5.31 1.61 501 85.6 531 55.1 4.81 1.99 495 | 1.60

125 x 75 12 17.8 11.0 | 5.50 | 4.31 1.84 354 95.5 391 58.5 3.95 2.05 415 | 1.61
10 15.0 11.0 | 5.50 | 4.23 1.76 302 82.1 334 49.9 3.97 2.07 4.18 1.61

8 12.2 11.0 [ 550 | 414 | 1.68 247 67.6 274 40.9 4.00 2.09 4.21 1.63

100 x 75 12 15.4 10.0 | 5.00 | 3.27 | 2.03 189 90.2 230 49.5 3.10 2.14 3.42 | 1.59
10 13.0 10.0 | 5.00 | 3.19 | 1.95 162 77.6 197 42.2 3.12 2.16 345 | 1.59

8 10.6 10.0 | 5.00 | 3.10 | 1.87 133 64.1 162 34.6 3.14 2.18 3.47 | 1.60

100 x 65 10 # 12.3 10.0 | 5.00 | 3.36 | 1.63 154 51.0 175 30.1 3.14 1.81 3.35 | 1.39
8 # 9.94 10.0 | 5.00 | 3.27 | 1.55 127 42.2 144 24.8 3.16 1.83 3.37 | 1.40

7 # 8.77 10.0 | 5.00 | 3.23 | 1.51 113 37.6 128 22.0 3.17 1.83 3.39 | 1.40

100 x 50 8% 8.97 8.00 | 400 | 3.60 | 1.13 116 19.7 123 12.8 3.19 1.31 3.28 | 1.06
61 6.84 8.00 | 4.00 | 3.51 1.05 | 89.9 | 154 | 954 9.92 3.21 1.33 3.31 1.07

80 x 60 7% 7.36 8.00 | 4.00 | 2.51 152 | 59.0 | 28.4 | 72.0 15.4 2.51 1.74 277 | 1.28
80 x 40 81 7.07 7.00 | 350 | 2.94 | 0.963| 57.6 | 9.61 60.9 6.34 2.53 1.03 2.60 | 0.838
61 5.41 7.00 | 3.50 | 2.85 | 0.884| 449 | 7.59 | 47.6 4.93 2.55 1.05 2.63 | 0.845

75 x 50 81 7.39 7.00 | 350 | 252 | 129 | 52.0 | 184 | 59.6 10.8 2.35 1.40 252 | 1.07
6% 5.65 7.00 | 3.50 | 244 | 1.21 405 | 144 | 46.6 8.36 2.37 1.42 255 | 1.08

70 x 50 61 5.41 7.00 | 350 | 223 | 1.25 | 334 | 142 | 39.7 7.92 2.20 1.43 240 | 1.07
65 x 50 5% 4.35 6.00 | 3.00 | 1.99 | 1.25 | 23.2 1.9 | 28.8 6.32 2.05 1.47 228 | 1.07
60 x 40 61 4.46 6.00 | 3.00 | 2.00 | 1.01 20.1 712 | 23.1 4.16 1.88 1.12 2.02 | 0.855
5% 3.76 6.00 | 3.00 | 1.96 | 0.972| 17.2 | 6.11 19.7 3.54 1.89 1.13 2.03 | 0.860

60 x 30 5% 3.36 | 500 | 250 | 217 | 0.684| 15.6 | 263 | 165 | 1.71 1.91 | 0.784 | 1.97 | 0.633
50 x 30 5% 2.96 5.00 [ 250 | 1.73 | 0.741| 9.36 | 2.51 10.3 1.54 157 | 0.816 | 1.65 | 0.639
45 x 30 41 2.25 450 | 225 | 1.48 | 0.740| 5.78 | 2.05 | 6.65 1.18 1.42 | 0.850 | 1.52 | 0.640
40 x 25 41 1.93 4.00 [ 2.00 | 1.36 | 0.623| 3.89 | 1.16 | 4.35 | 0.700 | 1.26 | 0.687 | 1.33 | 0.534
40 x 20 4% 1.77 4.00 | 2.00 | 1.47 | 0.480| 3.59 | 0.600| 3.80 | 0.393 | 1.26 | 0.514 | 1.30 | 0.417
30 x 20 4% 1.46 4.00 [ 200 | 1.08 | 0.541| 1.59 | 0.553 | 1.81 | 0.330 | 0.925 | 0.546 | 0.988 | 0.421
33 1.12 4.00 | 2.00 [0.990| 0.502| 1.25 | 0.437 | 1.43 | 0.256 | 0.935 | 0.553 | 1.00 | 0.424

1 Not available from some leading producers. Check availability.

# Check availability.

¢, is the distance from the back of the short leg to the centre of gravity.
¢, is the distance from the back of the long leg to the centre of gravity.
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DIMENSIONS AND PROPERTIES (CONTINUED)
Section Elastic Angle Torsional Equivalent Mono- Area
Designation Modulus Axis x-x Constant Slenderness symmetry of
to Coefficient index Section
Size Thickness Axis Axis Axis u-u
AxB t X-X y-y Tan o J Min Max Va
mm mm cm® cm® cm* N a cm?
200 x 150 18 # 175 104 0.549 67.9 2.93 3.72 4.60 60.1
15 147 86.9 0.551 39.9 3.53 4.50 5.55 50.5
12 19 70.5 0.552 20.9 4.43 5.70 6.97 40.8
200 x 100 15 137 38.5 0.260 34.3 3.54 5.17 9.19 43.0
12 11 31.3 0.262 18.0 4.42 6.57 1.5 34.8
10 93.2 26.3 0.263 10.66 5.26 7.92 13.9 29.2
150 x 90 15 77.7 30.4 0.354 26.8 2.58 3.59 5.96 33.9
12 63.3 24.8 0.358 141 3.24 4.58 7.50 27.5
10 53.3 21.0 0.360 8.30 3.89 5.56 9.03 23.2
150 x 75 15 75.2 21.0 0.253 25.1 2.62 3.74 6.84 31.7
12 61.3 1741 0.258 13.2 3.30 4.79 8.60 25.7
10 51.6 14.5 0.261 7.80 3.95 5.83 10.4 21.7
125 x 75 12 43.2 16.9 0.354 1.6 2.66 3.73 6.23 22.7
10 36.5 14.3 0.357 6.87 3.21 4.55 7.50 19.1
8 29.6 11.6 0.360 3.62 4.00 5.75 9.43 15.5
100 x 75 12 28.0 16.5 0.540 10.05 2.10 2.64 3.46 19.7
10 23.8 14.0 0.544 5.95 2.54 3.22 417 16.6
8 19.3 1.4 0.547 3.13 3.18 4.08 5.24 13.5
100 x 65 10 # 23.2 10.5 0.410 5.61 2.52 3.43 5.45 15.6
8 # 18.9 8.54 0.413 2.96 3.14 4.35 6.86 12.7
7 # 16.6 7.53 0.415 2.02 3.58 5.00 7.85 1.2
100 x 50 81 18.2 5.08 0.258 2.61 3.30 4.80 8.61 1.4
61 13.8 3.89 0.262 1.14 4.38 6.52 1.6 8.71
80 x 60 7% 10.7 6.34 0.546 1.66 2.92 3.72 4.78 9.38
80 x 40 8% 1.4 3.16 0.253 2.05 2.61 3.73 6.85 9.01
61 8.73 2.44 0.258 0.899 3.48 5.12 9.22 6.89
75 x 50 81 10.4 4.95 0.430 214 2.36 3.18 4.92 9.41
61 8.01 3.81 0.435 0.935 3.18 4.34 6.60 7.19
70 x 50 61 7.01 3.78 0.500 0.899 2.96 3.89 5.44 6.89
65 x 50 5% 5.14 3.19 0.577 0.498 3.38 4.26 5.08 5.54
60 x 40 61 5.03 2.38 0.431 0.735 2.51 3.39 5.26 5.68
5% 4.25 2.02 0.434 0.435 3.02 4.1 6.34 4.79
60 x 30 5% 4.07 1.14 0.257 0.382 3.15 4.56 8.26 4.28
50 x 30 5% 2.86 1.1 0.352 0.340 2.51 3.52 5.99 3.78
45 x 30 41 1.91 0.910 0.436 0.166 2.85 3.87 5.92 2.87
40 x 25 4% 1.47 0.619 0.380 0.142 2.51 3.48 5.75 2.46
40 x 20 41 1.42 0.393 0.252 0.131 2.57 3.68 6.86 2.26
30 x 20 41 0.807 0.379 0.421 0.1096 1.79 2.39 3.95 1.86
3% 0.621 0.292 0.427 0.0486 2.40 3.28 5.31 1.43

F Not available from some leading producers. Check availability.

# Check availability.
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DIMENSIONS AND PROPERTIES

Composed of Total Distance Total Properties about Axis x-x Radius of Gyration r, about Axis y-y (cm)
Two Angles Mass Area
per Space between angles, s, (mm)
AxA t Metre Ny I [ -

mm mm kg/m cm cm? cm? cm cm?® 0 8 10 12 15
200 x 200 24 # 142 14.2 181 6660 6.06 470 8.42 8.70 8.77 8.84 8.95
20 120 14.3 153 5700 6.11 398 8.34 8.62 8.69 8.76 8.87

18 109 14.4 138 5200 6.13 362 8.31 8.58 8.65 8.72 8.83

16 97.0 14.5 124 4680 6.16 324 8.27 8.54 8.61 8.68 8.79

150 x 150 18 # 80.2 10.6 102 2120 4.55 200 6.32 6.60 6.67 6.75 6.86
15 67.6 10.8 86.0 1800 4.57 167 6.24 6.52 6.59 6.66 6.77

12 54.6 10.9 69.6 1470 4.60 135 6.18 6.45 6.52 6.59 6.70

10 46.0 11.0 58.6 1250 4.62 114 6.13 6.40 6.47 6.54 6.64

120 x 120 15 # 53.2 8.48 68.0 896 3.63 106 5.06 5.34 5.42 5.49 5.60
12 43.2 8.60 55.0 736 3.65 85.4 4.99 5.27 5.35 5.42 5.53

10 36.4 8.69 46.4 626 3.67 72.0 4.94 5.22 5.29 5.36 5.47

8 # 29.4 8.76 37.6 518 3.71 59.0 4.93 5.20 5.27 5.34 5.45

100 x 100 15 # 43.8 6.98 56.0 500 2.99 71.6 4.25 4.54 4.62 4.69 4.81
12 35.6 7.10 45.4 414 3.02 58.2 4.19 4.47 4.55 4.62 4.74

10 30.0 7.18 38.4 354 3.04 49.2 4.14 4.43 4.50 4.57 4.69

8 24.4 7.26 31.0 290 3.06 39.8 4.1 4.38 4.46 4.53 4.64

90 x 90 12 # 31.8 6.34 40.6 298 2.71 47.0 3.80 4.09 4.16 4.24 4.36
10 26.8 6.42 34.2 254 272 39.6 3.75 4.04 4.1 4.19 4.30

8 21.8 6.50 27.8 208 2.74 32.2 3.71 3.99 4.06 4.13 4.25

7 # 19.2 6.55 24.4 185 2.75 28.2 3.69 3.96 4.04 4.11 4.22

80 x 80 10% 23.8 5.66 30.2 175 2.41 30.8 3.36 3.65 3.72 3.80 3.92
81 19.3 5.74 24.6 144 2.43 25.2 3.31 3.60 3.67 3.75 3.86

75 x 75 81 18.0 5.36 22.8 118 2.27 22.0 3.12 3.41 3.49 3.56 3.68
61 13.7 5.45 17.5 91.6 2.29 16.8 3.07 3.35 3.43 3.50 3.62

70 x 70 7% 14.8 5.03 18.8 84.6 212 16.8 2.89 3.18 3.26 3.33 3.45
61 12.8 5.07 16.3 73.8 2.13 14.5 2.87 3.16 3.23 3.31 3.42

65 x 65 7% 13.7 4.45 17.5 66.8 1.96 14.4 2.83 3.14 3.21 3.29 3.42
60 x 60 81 14.2 4.23 18.1 58.4 1.80 13.8 2.52 2.82 2.90 2.97 3.10
61 10.8 4.31 13.8 45.6 1.82 10.6 2.48 2.77 2.85 2.92 3.04

5% 9.14 4.36 11.6 38.8 1.82 8.90 2.45 2.74 2.81 2.89 3.01

50 x 50 61 8.94 3.55 1.4 25.6 1.50 7.22 2.09 2.38 2.46 2.54 2.66
5% 7.54 3.60 9.60 22.0 1.51 6.10 2.06 2.35 243 2.51 2.63

41 6.12 3.64 7.78 17.9 52 4.92 2.04 2.32 2.40 2.48 2.60

1 Not available from some leading producers. Check availability.

# Check availability.
Properties about y-y axis:
l, = (Total Area) - (r,)?

Z, =1,/(0.5B,)
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UNEQUAL ANGLES LONG LEGS BACK TO BACK
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DIMENSIONS AND PROPERTIES

Composed of Total Distance Total Properties about Axis x-x Radius of Gyration r, about Axis y-y (cm)
Two Angles Mass Area
per Space between angles, s, (mm)
AxB t Metre Ny I Iy Z,

mm mm kg/m cm cm? cm* cm cm?® 0 8 10 12 15
200 x 150 18 # 94.2 13.7 120 4780 6.30 350 5.84 6.11 6.18 6.25 6.36
15 79.2 13.8 101 4040 6.33 294 5.77 6.04 6.11 6.18 6.28

12 64.0 13.9 81.6 3300 6.36 238 5.72 5.98 6.05 6.12 6.22

200 x 100 15 67.5 12.8 86.0 3520 6.40 274 3.45 3.72 3.79 3.86 3.97
12 54.6 13.0 69.6 2880 6.43 222 3.39 3.65 3.72 3.79 3.90

10 46.0 131 58.4 2440 6.46 186 3.35 3.61 3.67 3.74 3.85

150 x 90 15 53.2 9.79 67.8 1522 4.74 155 3.32 3.60 3.67 3.75 3.86
12 432 9.92 55.0 1250 4.77 127 3.27 3.55 3.62 3.69 3.80

10 36.4 10.0 46.4 1070 4.80 107 3.23 3.50 3.57 3.64 3.75

150 x 75 15 49.6 9.48 63.4 1430 4.75 150 2.65 2.94 3.01 3.09 3.21
12 40.4 9.60 51.4 1180 4.78 123 2.59 2.87 2.94 3.02 3.14

10 34.0 9.69 43.4 1000 4.81 103 2.56 2.83 2.90 2.97 3.08

125 x 75 12 35.6 8.19 45.4 708 3.95 86.4 276 3.04 3.11 3.19 3.30
10 30.0 8.27 38.2 604 3.97 73.0 272 2.99 3.07 3.14 3.26

8 24.4 8.36 31.0 494 4.00 59.2 2.68 2.95 3.02 3.09 3.20

100 x 75 12 30.8 6.73 39.4 378 3.10 56.0 2.95 3.24 3.31 3.39 3.51
10 26.0 6.81 33.2 324 3.12 47.6 2.91 3.19 3.27 3.34 3.46

8 21.2 6.90 27.0 266 3.14 38.6 2.87 3.15 3.22 3.29 3.41

100 x 65 10 # 24.6 6.64 31.2 308 3.14 46.4 243 272 2.79 2.87 2.99
8 # 19.9 6.73 25.4 254 3.16 37.8 2.39 2.67 2.74 2.82 2.93

7 # 17.5 6.77 22.4 226 3.17 33.2 2.37 2.65 2.72 2.79 291

100 x 50 8t 17.9 6.40 22.8 232 3.19 36.4 1.73 2.02 2.09 217 2.29
6t 13.7 6.49 17.4 180 3.21 27.6 1.69 1.97 2.04 212 224

80 x 60 7% 14.7 5.49 18.8 118 2.51 21.4 2.31 2.59 2.67 2.74 2.86
80 x 40 8t 14.1 5.06 18.0 115 253 22.8 1.41 1.71 1.79 1.87 2.00
6% 10.8 5.15 13.8 89.8 2.55 17.5 1.37 1.66 1.74 1.82 1.97

75 x 50 8t 14.8 4.98 18.8 104 2.35 20.8 1.90 2.19 227 2.35 2.47
6t 1.3 5.06 14.4 81.0 2.37 16.0 1.86 214 222 2.30 2.42

70 x 50 61 10.8 4.77 13.8 66.8 2.20 14.0 1.90 219 2.26 2.34 2.46
65 x 50 5% 8.70 4.51 11.1 46.4 2.05 10.3 1.93 2.21 2.28 2.36 2.48
60 x 40 61 8.92 4.00 1.4 40.2 1.88 101 1.51 1.80 1.88 1.96 2.09
5% 7.52 4.04 9.58 34.4 1.89 8.50 1.49 1.78 1.86 1.94 2.06

1 Not available from some leading producers. Check availability.
# Check availability.

Properties about y-y axis:

l, = (Total Area) - (r,)?

Z,=1,/(0.5B,)
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Section Mass | Depth Width Thickness Depth Pitch Net Second Net Radius
Designation per of of bet 1 | 1.08 x D, | Moment of Area | of Gyration

Metre | Section | Section | Web | Flange Fillets
Original Castellated Axis Axis | Axis | Axis
D, B t T de X-X y-y X-X y-y
kg/m mm mm mm mm mm mm cm* cm* cm | cm
914 x 419 x 388 | 1371 x 419 x 388 | 388.0 | 1378.0 | 4205 | 21.4 | 36.6 1256.6 987.1 1670000 | 45400 | 64.8 | 10.7
914 x 419 x 343 | 1371 x 419 x 343 | 343.3 | 1368.8 | 4185 | 19.4 | 32.0 1256.6 987.1 1450000 | 39100 | 64.6 | 10.6
914 x 305 x 289 | 1371 x 305 x 289 | 289.1 | 1383.6 | 307.7 | 19.5 | 32.0 1281.4 987.1 1160000 | 15600 | 64.5 | 7.47
914 x 305 x 253 | 1371 x 305 x 253 | 253.4 | 1375.4 | 3055 | 17.3 | 27.9 1281.4 987.1 1010000 | 13300 | 64.3 | 7.38
914 x 305 x 224 | 1371 x 305 x 224 | 224.2 | 1367.4 | 3041 | 159 | 23.9 1281.4 987.1 873000 | 11200 | 64.0 | 7.26
914 x 305 x 201 | 1371 x 305 x 201 | 200.9 | 1360.0 | 303.3 | 15.1 | 20.2 1281.4 987.1 757000 | 9410 | 63.6 | 7.10
838 x 292 x 226 | 1257 x 292 x 226 | 226.5 | 1269.9 | 293.8 | 16.1 | 26.8 1180.7 905.0 781000 | 11400 | 59.4 | 7.16
838 x 292 x 194 | 1257 x 292 x 194 | 193.8 | 1259.7 | 292.4 | 147 | 21.7 1180.7 905.0 645000 | 9060 | 59.0 | 6.99
838 x 292 x 176 | 1257 x 292 x 176 | 175.9 | 1253.9 | 291.7 | 140 | 18.8 1180.7 905.0 570000 | 7790 | 58.7 | 6.86
762 x 267 x 197 | 1143 x 267 x 197 | 196.8 | 1150.8 | 268.0 | 15.6 | 25.4 1067.0 823.0 554000 | 8160 | 53.8 | 6.53
762 x 267 x 173 | 1143 x 267 x 173 | 173.0 | 11432 | 266.7 | 143 | 216 1067.0 823.0 475000 | 6840 | 53.5 | 6.42
762 x 267 x 147 | 1143 x 267 x 147 | 146.9 | 1135.0 2652 | 12.8 17.5 1067.0 823.0 392000 5450 | 53.2 | 6.27
762 x 267 x 134 | 1143 x 267 x 134 | 133.9 | 1131.0 | 2644 | 120 | 155 1067.0 823.0 351000 | 4780 | 53.0 | 6.19
686 x 254 x 170 | 1029 x 254 x 170 | 170.2 | 1035.9 | 255.8 | 14.5 | 23.7 958.1 740.9 393000 | 6620 | 48.5 | 6.30
686 x 254 x 152 | 1029 x 254 x 152 | 152.4 | 1030.5 | 254.5 | 132 | 21.0 958.1 740.9 348000 | 5780 |48.4 | 6.23
686 x 254 x 140 | 1029 x 254 x 140 | 140.1 | 1026.5 253.7 | 12.4 19.0 958.1 740.9 316000 5180 | 48.2 | 6.17
686 x 254 x 125 | 1029 x 254 x 125 | 125.2 | 1020.9 | 253.0 | 11.7 | 16.2 958.1 740.9 274000 | 4380 |47.9 | 6.06
610 x 305 x 238 | 915 x 305 x 238 | 238.1 | 940.8 3114 | 184 | 314 845.0 658.8 478000 | 15800 | 44.0 | 8.00
610 x 305 x 179 | 915 x 305 x 179 179.0 | 925.2 307.1 | 141 | 236 845.0 658.8 352000 | 11400 | 43.6 | 7.85
610 x 305 x 149 | 915 x 305 x 149 1492 | 917.4 3048 | 11.8 | 19.7 845.0 658.8 291000 | 9300 |43.4 | 7.77
610 x 229 x 140 | 915 x 229 x 140 139.9 | 922.2 230.2 | 18.1 | 2241 852.6 658.8 258000 | 4500 |43.2 | 5.71
610 x 229 x 125 | 915 x 229 x 125 1251 | 917.2 229.0 | 11.9 | 19.6 852.6 658.8 228000 | 3930 | 43.1 | 5.65
610 x 229 x 113 | 915 x 229 x 113 113.0 | 9126 2282 | 1.1 17.3 852.6 658.8 203000 | 3430 429|558
610 x 229 x 101 | 915 x 229 x 101 101.2 907.6 227.6 | 10.5 14.8 852.6 658.8 176000 2910 | 42.7 | 5.48
533 x 210 x 122 | 800 x 210 x 122 122.0 | 811.0 2119 [ 127 | 21.3 743.0 575.6 175000 | 3380 | 37.9 | 5.28
533 x 210 x 109 | 800 x 210 x 109 109.0 | 806.0 2108 | 11.6 | 18.8 743.0 575.6 154000 | 2940 | 37.8 | 5.22
533 x 210 x 101 | 800 x 210 x 101 101.0 | 803.2 210.0 | 10.8 | 174 743.0 575.6 142000 | 2690 | 37.7 | 5.19
533 x210x 92 | 800 x 210 x 92 92.1 799.6 209.3 | 10.1 15.3 743.0 575.6 128000 | 2390 | 37.6 | 5.14
533 x 210 x 82 | 800 x 210 x 82 822 | 794.8 208.8 | 9.6 13.2 743.0 575.6 110000 | 2010 | 37.4 | 5.03
457 x 191 x 98 | 686 x 191 x 98 98.3 | 695.7 1928 | 11.4 | 196 636.1 493.6 105000 | 2340 | 32.6 | 4.86
457 x 191 x 89 | 686 x 191 x 89 89.3 | 691.9 1919 (105 | 17.7 636.1 493.6 94600 2090 | 325 | 4.82
457 x 191 x 82 | 686 x 191 x 82 82.0 | 6885 191.3 | 9.9 16.0 636.1 493.6 85600 1870 | 32.3 | 4.78
457 x 191 x 74 | 686 x 191 x 74 743 | 6855 190.4 | 9.0 14.5 636.1 493.6 77200 1670 | 32.3 | 4.75
457 x 191 x 67 | 686 x 191 x 67 67.1 681.9 189.9 | 85 12.7 636.1 493.6 68200 1450 | 32.1 | 4.69
457 x 152 x 82 | 686 x 152 x 82 82.1 694.3 155.3 | 105 | 18.9 636.1 493.6 84300 1180 | 32.4 | 3.83
457 x 152 x 74 | 686 x 152 x 74 742 | 690.5 1544 | 9.6 17.0 636.1 493.6 75500 1050 | 32.3 | 3.80
457 x 152 x 67 | 686 x 152 x 67 67.2 | 686.5 153.8 | 9.0 15.0 636.1 493.6 67000 911 32.1 | 3.74
457 x 152 x 60 | 686 x 152 x 60 59.8 | 683.1 1529 | 8.1 133 636.1 493.6 59200 794 | 32.0 | 3.71
457 x 152 x 52 | 686 x 152 x 52 52.3 | 678.3 1524 | 7.6 10.9 636.1 493.6 49800 644 | 31.8 | 3.62
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Section Net Elastic Elastic Net Plastic Net Net Net Net Net
Designation Modulus Modulus of Tee Modulus Buckling | Torsional | Warping | Torsional | Area
Parameter Index Constant | Constant
Original Castellated Axis | Axis | Flange | Toe | Axis | Axis
X-X y-y X-X X-X X-X y-y u X H J A,
cm® | cm? cm® | em® | em® | em® dm® cm? cm?
914 x 419 x 388 | 1371 x 419 x 388 | 24200 | 2160 | 1380 | 314 |25600 | 3290 0.975 37.9 204 1590 396
914 x 419 x 343 | 1371 x 419 x 343 | 21200 | 1870 | 1250 | 276 |22400 | 2850 0.974 43.0 175 1080 349
914 x 305 x 289 | 1371 x 305 x 289 | 16800 | 1010 | 1080 | 288 | 17900 | 1560 0.972 44.8 711 813 279
914 x 305 x 253 | 1371 x 305 x 253 | 14700 | 869 964 249 | 15600 | 1340 0.971 50.9 60.3 547 244
914 x 305 x 224 | 1371 x 305 x 224 | 12800 | 738 863 223 | 13600 | 1140 0.971 58.4 50.6 361 213
914 x 305 x 201 | 1371 x 305 x 201 | 11100 | 620 772 205 | 11800 | 956 0.969 67.1 422 239 187
838 x 292 x 226 | 1257 x 292 x 226 | 12300 | 772 811 204 | 13100 | 1180 0.972 49.0 43.8 455 221
838 x 292 x 194 | 1257 x 292 x 194 | 10200 | 619 704 179 | 10900 | 951 0.971 59.0 34.7 261 185
838 x 292 x 176 | 1257 x 292 x 176 | 9080 | 534 639 166 | 9660 | 821 0.970 66.4 29.7 183 165
762 x 267 x 197 | 1143 x 267 x 197 | 9620 | 609 620 159 | 10200 | 935 0.972 46.7 25.8 356 191
762 x 267 x 173 | 1143 x 267 x 173 | 8310 | 513 554 141 | 8840 | 788 0.971 53.9 21.5 230 166
762 x 267 x 147 | 1143 x 267 x 147 | 6900 | 411 476 122 | 7330 | 632 0.971 64.7 17.0 132 138
762 x 267 x 134 | 1143 x 267 x 134 | 6200 | 362 435 113 | 6590 | 556 0.969 7.7 14.9 97.0 125
686 x 254 x 170 | 1029 x 254 x 170 | 7590 | 518 480 120 | 8070 | 793 0.973 44.8 17.0 273 167
686 x 254 x 152 [ 1029 x 254 x 152 | 6750 | 454 438 107 | 7160 | 695 0.972 50.2 14.7 193 149
686 x 254 x 140 | 1029 x 254 x 140 | 6160 | 408 407 98.6 | 6520 | 625 0.972 54.8 131 147 136
686 x 254 x 125 | 1029 x 254 x 125 | 5380 | 346 367 90.4 | 5700 | 531 0.972 62.7 11.0 97.9 119
610 x 305 x 238 | 915 x 305 x 238 10200 | 1020 555 135 | 10800 | 1550 0.974 30.1 32.7 722 247
610 x 305 x 179 | 915 x 305 x 179 7610 | 743 444 | 96.3 | 8040 | 1130 0.974 39.3 23.2 312 185
610 x 305 x 149 | 915 x 305 x 149 6340 | 610 385 77.8 | 6670 | 927 0.974 46.6 18.7 183 154
610 x 229 x 140 | 915 x 229 x 140 5590 | 391 348 86.2 | 5950 | 598 0.974 43.0 9.11 194 138
610 x 229 x 125 | 915 x 229 x 125 4970 | 343 317 76.6 | 5280 | 525 0.973 48.1 7.91 137 123
610 x 229 x 113 | 915 x 229 x 113 4440 | 301 291 69.7 | 4700 | 460 0.973 53.9 6.87 97.4 110
610 x 229 x 101 | 915 x 229 x 101 3880 | 256 263 64.1 | 4120 | 392 0.971 61.6 5.80 65.2 96.9
533 x 210 x 122 | 800 x 210 x 122 4310 | 319 262 65.9 | 4590 | 489 0.971 39.0 5.27 160 122
533 x 210 x 109 | 800 x 210 x 109 3820 | 279 240 58.6 | 4060 | 427 0.973 43.8 4.55 112 108
533 x 210 x 101 | 800 x 210 x 101 3540 | 256 225 | 53.8 | 3750 | 392 0.973 46.9 4.15 89.8 99.9
533 x210x92 | 800 x 210 x 92 3200 | 228 209 49.3 | 3390 | 349 0.972 51.8 3.67 66.5 90.5
533 x 210 x 82 | 800 x 210 x 82 2780 | 192 188 45.4 | 2940 | 294 0.971 59.5 3.06 43.7 791
457 x 191 x 98 | 686 x 191 x 98 3020 | 243 177 43.6 | 3220 | 371 0.974 36.3 2.68 110 99.2
457 x 191 x 89 | 686 x 191 x 89 2730 | 218 164 | 39.2 | 2900 | 332 0.974 40.0 2.37 81.9 89.8
457 x 191 x 82 | 686 x 191 x 82 2490 | 195 153 36.1 | 2640 | 298 0.973 43.8 2.1 61.8 81.9
457 x 191 x 74 | 686 x 191 x 74 2250 | 175 142 32.3 | 2380 | 267 0.973 48.1 1.88 46.2 741
457 x 191 x 67 | 686 x 191 x 67 2000 | 153 130 29.7 | 2120 | 233 0.973 54.0 1.62 32.5 66.1
457 x 152 x 82 | 686 x 152 x 82 2430 | 152 147 39.2 | 2600 | 234 0.974 38.3 1.35 80.4 80.5
457 x 152 x 74 686 x 152 x 74 2190 135 135 35.0 | 2330 | 208 0.974 422 1.18 59.2 725
457 x 152 x 67 | 686 x 152 x 67 1950 | 118 124 32.0 | 2080 | 182 0.972 47.2 1.03 421 65.0
457 x 152 x 60 | 686 x 152 x 60 1730 | 104 113 28.2 | 1840 | 159 0.973 52.8 0.890 29.8 57.7
457 x 152 x 52 | 686 x 152 x 52 1470 | 84.5 99.2 | 25,5 | 1560 | 130 0.971 62.5 0.717 18.0 49.3

The values of the elastic modulus of the Tee are the elastic modulus at the flange and at the toe of the Tee formed at the net section.
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Section Mass | Depth Width Thickness Depth Pitch Net Second | Net Radius
Designation per of of between | 1.08 x D | Moment of | of Gyration

Metre | Section | Section | Web | Flange | Fillets Area

Original Castellated

Axis | Axis | Axis | Axis
D, B t T d. X-X yy | xx | yy
kg/m mm mm mm | mm mm mm cm* | cm* [ cm | cm
406 x 178 x 74 | 609 x 178 x 74 | 74.2 615.8 179.5 9.5 16.0 563.4 438.5 62900 | 1540 | 28.9 | 4.53
406 x 178 x 67 | 609 x 178 x 67 | 67.1 612.4 178.8 8.8 14.3 563.4 438.5 56200 | 1360 | 28.8 | 4.49
406 x 178 x 60 | 609 x 178 x 60 | 60.1 609.4 177.9 7.9 12.8 563.4 438.5 50000 | 1200 | 28.7 | 4.46
406 x 178 x 54 | 609 x 178 x 54 | 54.1 605.6 177.7 7.7 10.9 563.4 438.5 | 43500 | 1020 | 28.6 | 4.37
406 x 140 x 46 | 609 x 140 x 46 | 46.0 606.2 142.2 6.8 1.2 563.4 438.5 36400 | 538 |28.5 | 3.46
406 x 140 x 39 | 609 x 140 x 39 | 39.0 601.0 141.8 6.4 8.6 563.4 438.5 | 29200 | 409 | 28.2 | 3.34
356 x 171 x 67 | 534 x 171 x 67 | 67.1 541.4 173.2 9.1 15.7 489.6 384.5 44800 | 1360 | 25.4 | 4.43
356 x 171 x 57 | 534 x 171 x 57 | 57.0 536.0 172.2 8.1 13.0 489.6 384.5 37100 | 1110 | 25.3 | 4.36
356 x 171 x 51 | 534 x 171 x 51 | 51.0 533.0 1715 7.4 1.5 489.6 384.5 32800 | 968 |25.2 | 4.32
356 x 171 x 45 | 534 x 171 x 45 | 45.0 529.4 1711 7.0 9.7 489.6 3845 | 28100 | 811 [ 25.0 | 4.25
356 x 127 x 39 | 534 x 127 x 39 | 39.1 531.4 126.0 6.6 10.7 489.6 384.5 | 23700 | 357 |24.9 |3.07
356 x 127 x 33 | 534 x 127 x 33 | 33.1 527.0 125.4 6.0 8.5 489.6 384.5 19300 | 280 | 24.8 | 2.98
305 x 165 x 54 | 458 x 165 x 54 | 54.0 462.9 166.9 7.9 13.7 417.7 329.4 | 27000 | 1060 | 21.8 | 4.33
305 x 165 x 46 | 458 x 165 x 46 | 46.1 459.1 165.7 6.7 1.8 417.7 329.4 | 22900 | 895 |21.7 | 4.30
305 x 165 x 40 | 458 x 165 x 40 | 40.3 455.9 165.0 6.0 10.2 417.7 329.4 19800 | 764 | 21.6 | 4.26
305 x 127 x 48 | 458 x 127 x 48 | 48.1 463.5 125.3 9.0 14.0 417.7 329.4 | 22100 | 460 | 21.6 | 3.11
305 x 127 x 42 | 458 x 127 x 42 | 41.9 459.7 124.3 8.0 12.1 417.7 329.4 19000 | 388 | 21.5 | 3.07
305 x 127 x 37 | 458 x 127 x 37 | 37.0 456.9 123.4 71 10.7 417.7 329.4 16700 | 336 | 21.4 | 3.04
305 x 102 x 33 | 458 x 102 x 33 | 32.8 465.2 102.4 6.6 10.8 428.4 329.4 14900 | 194 | 21.7 | 2.47
305 x 102 x 28 | 458 x 102 x 28 | 28.2 461.2 101.8 6.0 8.8 428.4 329.4 12400 | 155 | 21.5 | 2.41
305 x 102 x 25 | 458 x 102 x 25 | 24.8 457.6 101.6 5.8 7.0 428.4 329.4 10300 | 123 | 21.3 | 2.32
254 x 146 x 43 | 381 x 146 x 43 | 43.0 386.6 147.3 7.2 12.7 346.0 274.3 15100 | 677 | 18.2 | 3.85
254 x 146 x 37 | 381 x 146 x 37 | 37.0 383.0 146.4 6.3 10.9 346.0 274.3 12800 | 570 | 18.1 | 3.82
254 x 146 x 31 | 381 x 146 x 31 | 31.1 378.4 146.1 6.0 8.6 346.0 274.3 10300 | 447 | 17.9 | 3.74
254 x 102 x 28 | 381 x 102 x 28 | 28.3 387.4 102.2 6.3 10.0 352.2 274.3 9190 178 | 18.1 | 2.52
254 x 102 x 25 | 381 x 102 x 27 | 25.2 384.2 101.9 6.0 8.4 352.2 274.3 7870 | 148 | 18.0 | 2.47
254 x 102 x 22 | 381 x 102 x 22 | 22.0 381.0 101.6 5.7 6.8 352.2 274.3 6580 | 119 | 17.8 | 2.39
203 x 133 x 30 | 305 x 133 x 30 | 30.0 308.3 133.9 6.4 9.6 273.9 219.2 6680 | 384 | 14.5 | 3.48
203 x 133 x 25 | 305 x 133 x 25 | 25.1 304.7 133.2 57 7.8 273.9 219.2 5430 | 307 | 14.4 | 3.43
203 x 102 x 23 | 305 x 102 x 23 | 23.1 304.7 101.8 5.4 9.3 270.9 219.2 4910 | 164 | 14.3 | 2.62
178 x 102 x 19 | 267 x 102 x 19 | 19.0 266.8 101.2 4.8 7.9 235.8 192.2 3160 137 | 12.6 | 2.61
152 x 89 x 16 228 x 89 x 16 | 16.0 228.4 88.7 4.5 77 197.8 164.2 1950 | 89.7 | 10.7 | 2.30
127 x 76 x 13 191 x 76 x 13 13.0 190.5 76.0 4.0 7.6 160.1 137.2 1120 | 55.7 | 8.93 | 2.00
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Section Net Elastic Elastic Net Plastic Net Net Net Net Net
Designation Modulus  [Modulus of Tee| Modulus Buckling | Torsional | Warping | Torsional | Area
Parameter Index | Constant | Constant
Original Castellated Axis | Axis | Flange | Toe | Axis | Axis
X-X y-y X-X X-X X-X y-y u X H J A,
cm® | em® | cm® | em® | cm® | cm® dm® cm? cm?
406 x 178 x 74 | 609 x 178 x 74 | 2040 | 172 121 28.4 | 2170 | 262 0.974 39.0 1.39 57.0 75.2
406 x 178 x 67 | 609 x 178 x 67 | 1840 | 153 112 25.6 | 1940 | 233 0.973 43.2 1.22 415 67.7
406 x 178 x 60 | 609 x 178 x 60 | 1640 | 135 103 22.6 | 1730 | 206 0.974 48.0 1.07 30.0 60.5
406 x 178 x 54 | 609 x 178 x 54 | 1440 | 115 94.1 21.3 | 1520 | 175 0.973 54.9 0.902 20.0 53.3
406 x 140 x 46 | 609 x 140 x 46 | 1200 | 75.6 | 78.6 | 18.7 | 1270 | 116 0.974 54.8 0.476 16.9 44.8
406 x 140 x 39 | 609 x 140 x 39 | 971 | 57.7 | 66.8 | 16.8 | 1030 | 88.8 0.970 68.0 0.359 8.93 36.7
356 x 171 x 67 | 534 x 171 x 67 | 1660 | 157 92.1 21.2 | 1760 | 239 0.974 34.6 0.940 51.2 69.3
356 x 171 x 57 | 534 x 171 x 57 [ 1380 | 129 81.5 18.0 | 1460 | 196 0.974 411 0.757 30.2 58.1
356 x 171 x 51 [ 534 x 171 x 51 | 1230 | 113 74.8 |16.0 | 1300 | 172 0.974 45.9 0.658 21.4 51.7
356 x 171 x 45 | 534 x 171 x 45 | 1060 | 94.7 | 67.8 | 14.7 | 1120 | 144 0.972 53.1 0.547 13.8 449
356 x 127 x 39 | 534 x 127 x 39 | 891 |56.7 | 56.5 | 13.8 | 945 | 87.1 0.974 49.6 0.242 134 38.0
356 x 127 x 33 | 534 x 127 x 33 | 732 | 44.6 | 48.6 121 | 775 | 68.7 0.971 60.1 0.188 7.51 31.5
305 x 165 x 54 | 458 x 165 x 54 | 1170 | 127 619 |[13.5 1230 | 193 0.974 33.7 0.536 32.3 56.7
305 x 165 x 46 | 458 x 165 x 46 [ 998 | 108 54.7 | 11.0 | 1050 | 164 0.975 38.8 0.448 20.7 48.5
305 x 165 x 40 | 458 x 165 x40 | 866 |92.6 | 49.6 | 9.58 | 910 | 140 0.974 44.4 0.379 13.6 42.2
305 x 127 x 48 | 458 x 127 x 48 | 954 | 73.4| 54.8 | 14.9 | 1020 | 113 0.973 33.1 0.232 28.1 475
305 x 127 x 42 | 458 x 127 x 42 | 827 | 62.4| 49.0 | 12.8 | 881 | 96.0 0.972 37.8 0.194 18.5 41.2
305 x 127 x 37 | 458 x 127 x 37 | 730 | 54.4 | 443 | 11.1 | 775 | 835 0.972 42.4 0.167 12.9 36.4
305 x 102 x 33 | 458 x 102 x 33 | 641 |37.8| 419 | 11.3 | 685 | 58.4 0.971 44.3 0.100 10.7 31.8
305 x 102 x 28 | 458 x 102 x 28 | 536 | 30.5| 36.4 |9.87 | 572 | 471 0.970 52.7 0.0794 6.30 26.7
305 x 102 x 25 [ 458 x 102 x 25 | 451 | 242 | 31.6 | 9.11 | 482 | 375 0.966 62.6 0.0623 3.78 22.8
254 x 146 x 43 | 381 x 146 x 43 | 780 | 91.9| 39.0 |8.65| 827 | 139 0.974 30.3 0.237 22.3 45.6
254 x 146 x 37 | 381 x 146 x 37 | 670 | 779 | 348 |7.24| 707 | 118 0.973 34.9 0.197 14.3 39.2
254 x 146 x 31 [ 381 x 146 x 31 | 544 | 61.2| 31.3 | 6.45| 572 | 93.0 0.971 42.9 0.153 7.64 32.1
254 x 102 x 28 | 381 x 102 x 28 | 474 |34.9 | 29.3 | 7.51 | 506 | 53.6 0.972 38.8 0.0635 8.51 28.1
254 x 102 x 25 [ 381 x 102 x 25 | 410 | 29.1 26.5 |6.85| 436 | 44.9 0.971 44.8 0.0524 5.50 24.4
254 x 102 x 22 [ 381 x 102 x22 | 345 | 23.5| 233 |6.22 | 368 |36.2 0.968 52.7 0.0417 3.36 20.8
203 x 133 x 30 [ 305 x 133 x 30 | 433 | 57.4| 221 4.86 | 459 |87.2 0.970 31.0 0.0857 9.42 31.7
203 x 133 x 25 | 305 x 133 x 25 | 357 |46.2 | 19.6 |4.08 | 376 | 70.1 0.969 37.2 0.0678 5.34 26.2
203 x 102 x 23 [ 305 x 102 x 23 | 322 | 322 | 16.4 | 3.79 | 342 [49.0 0.976 32.1 0.0357 6.49 239
178 x 102 x 19 [ 267 x 102 x 19 | 237 [27.0| 11.8 [260 | 251 | 41.1 0.974 324 0.0229 4.08 20.0
152 x 89 x 16 228x89x16 | 171 |202| 7.86 | 1.80| 181 | 30.8 0.974 28.1 0.0109 3.33 16.9
127 x 76 x 13 191 x 76 x 13 117 | 147 | 4.63 |[1.12| 125 | 223 0.976 23.5 0.00466 2.72 14.0

The values of the elastic modulus of the Tee are the elastic modulus at the flange and at the toe of the Tee formed at the net section.
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CASTELLATED UNIVERSAL BEAMS

DIMENSIONS AND PROPERTIES

Section Mass | Depth Width Thickness Depth Pitch Net Second Net Radius
Designation per of of bet 1 | 1.08 x D; | Moment of Area | of Gyration

Metre | Section | Section | Web | Flange Fillets
Original Castellated Axis Axis | Axis | Axis
D. B t T de X-X y-y X-X y-y
kg/m mm mm mm mm mm mm cm* cm? cm cm
356 x 406 x 634 | 534 x 406 x 634 | 633.9 | 665.1 4240 | 476 | 77.0 480.7 411.5 600000 | 98000 | 28.9 | 11.7
356 x 406 x 551 | 534 x 406 x 551 | 551.0 | 646.1 4185 | 421 67.5 480.7 4115 504000 | 82600 | 28.5 | 11.5
356 x 406 x 467 | 534 x 406 x 467 | 467.0 | 627.1 4122 | 35.8 | 58.0 480.7 411.5 413000 | 67800 | 28.0 | 11.3
356 x 406 x 393 | 534 x 406 x 393 | 393.0 | 609.5 407.0 | 30.6 | 49.2 480.7 4115 336000 | 55300 | 27.6 | 11.2
356 x 406 x 340 | 534 x 406 x 340 | 339.9 | 596.9 403.0 | 26.6 | 429 480.7 4115 284000 | 46800 | 27.3 | 11.1
356 x 406 x 287 | 534 x 406 x 287 | 287.1 | 584.1 399.0 | 226 | 36.5 480.7 4115 235000 | 38700 | 27.0 | 10.9
356 x 406 x 235 | 534 x 406 x 235 | 235.1 | 571.5 3948 | 18.4 | 30.2 480.7 4115 188000 | 31000 | 26.7 | 10.8
356 x 368 x 202 | 534 x 368 x 202 | 201.9 | 552.6 3747 | 165 | 27.0 468.2 384.5 152000 | 23700 | 25.8 | 10.2
356 x 368 x 177 | 534 x 368 x 177 | 177.0 546.2 372.6 14.4 23.8 468.2 384.5 132000 | 20500 | 25.7 | 10.1
356 x 368 x 153 | 534 x 368 x 153 | 152.9 | 540.0 3705 | 123 | 20.7 468.2 384.5 113000 | 17600 | 25.5 | 10.1
356 x 368 x 129 | 534 x 368 x 129 | 129.0 | 533.6 368.6 | 10.4 17.5 468.2 384.5 94000 | 14600 | 25.4 | 10.0
305 x 305 x 283 | 458 x 305 x 283 | 282.9 | 517.8 3222 | 268 | 44.1 399.2 320.4 172000 | 24600 | 23.2 | 8.78
305 x 305 x 240 | 458 x 305 x 240 | 240.0 | 505.0 3184 | 230 | 377 399.2 320.4 142000 | 20300 | 22.9 | 8.66
305 x 305 x 198 | 458 x 305 x 198 | 198.1 | 492.4 3145 | 19.1 31.4 399.2 329.4 114000 | 16300 | 22.6 | 8.54
305 x 305 x 158 | 458 x 305 x 158 | 158.1 | 479.6 3112 | 158 | 25.0 399.2 329.4 88100 | 12600 | 22.3 | 8.42
305 x 305 x 137 | 458 x 305 x 137 | 136.9 | 473.0 309.2 | 13.8 | 217 399.2 329.4 75100 | 10700 | 22.1 | 8.35
305 x 305 x 118 | 458 x 305 x 118 | 117.9 | 467.0 307.4 | 12.0 18.7 399.2 329.4 63800 9060 | 22.0 | 8.29
305 x 305 x 97 | 458 x 305 x 97 96.9 460.4 305.3 9.9 15.4 399.2 329.4 51700 | 7310 | 21.8 | 8.21
254 x 254 x 167 | 381 x 254 x 167 | 167.1 | 416.1 2652 | 19.2 | 317 327.3 274.3 67100 9860 | 18.9 | 7.28
254 x 254 x 132 | 381 x 254 x 132 | 132.0 | 403.3 2613 | 153 | 253 327.3 274.3 51200 | 7530 | 18.6 | 7.11
254 x 254 x 107 | 381 x 254 x 107 | 107.1 | 393.7 258.8 | 128 | 205 327.3 274.3 40300 | 5930 | 18.3 | 7.02
254 x 254 x 89 381 x 254 x 89 88.9 387.3 256.3 | 10.3 17.3 327.3 274.3 33200 | 4860 | 18.2 | 6.96
254 x 254 x 73 381 x 254 x 73 73.1 381.1 254.6 8.6 14.2 327.3 274.3 26700 3910 | 18.0 | 6.90
203 x 203 x 86 305 x 203 x 86 86.1 323.7 209.1 127 | 205 262.3 219.2 21400 | 3130 | 14.9 | 5.68
203 x 2038 x 71 305 x 2038 x 71 71.0 317.3 206.4 | 10.0 17.3 262.3 219.2 17400 | 2540 | 14.7 | 5.62
203 x 203 x 60 305 x 203 x 60 60.0 3111 205.8 9.4 14.2 262.3 219.2 14200 | 2060 | 14.6 | 5.56
203 x 203 x 52 305 x 203 x 52 52.0 307.7 204.3 7.9 125 262.3 219.2 12200 1780 | 145 | 5.52
203 x 203 x 46 305 x 203 x 46 46.1 304.7 203.6 7.2 11.0 262.3 219.2 10700 1550 | 14.4 | 549
152 x 162 x 37 | 228 x 152 x 37 37.0 237.8 154.4 8.0 1.5 199.6 164.2 5030 706 1.1 | 415
152 x 152 x 30 228 x 152 x 30 30.0 233.6 152.9 6.5 9.4 199.6 164.2 4020 560 1.0 | 410
152 x 1562 x 23 | 228 x 152 x 23 230 | 2284 | 1522 | 58 6.8 199.6 164.2 2910 400 | 10.8 | 4.01
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PROPERTIES (CONTINUED)
Section Net Elastic Elastic Net Plastic Net Net Net Net Net
Designation Modulus Modulus of Tee Modulus Bucking | Torsional | Warping | Torsional | Area
Parameter Index Constant | Constant
Original Castellated Axis | Axis | Flange | Toe | Axis | Axis

X-X y-y X-X X-X X-X y-y u X H J A,

cm® | cm® cm® [ em® | cm® | cm® dm® cm? cm?

356 x 406 x 634 | 534 x 406 x 634 | 18100 | 4620 706 325 | 20600 | 7000 0.946 7.81 84.7 13000 717
356 x 406 x 551 | 534 x 406 x 551 | 15600 | 3950 573 245 | 17600 | 5970 0.946 8.72 69.1 8770 622
356 x 406 x 467 | 534 x 406 x 467 | 13200 | 3290 452 177 | 14700 | 4970 0.946 9.96 54.9 5520 527
356 x 406 x 393 | 534 x 406 x 393 | 11000 | 2720 358 127 | 12200 | 4110 0.947 1.5 43.4 3360 442
356 x 406 x 340 | 534 x 406 x 340 | 9530 | 2320 298 96.8 | 10400 | 3510 0.948 13.0 35.9 2220 382
356 x 406 x 287 | 534 x 406 x 287 | 8040 | 1940 244 71.4 | 8680 | 2930 0.947 15.1 29.0 1370 323
356 x 406 x 235 | 534 x 406 x 235 | 6580 | 1570 195 50.4 | 7040 | 2370 0.949 17.9 22.7 772 264
356 x 368 x 202 | 534 x 368 x 202 | 5500 | 1260 196 46.2 | 5870 | 1910 0.949 19.5 16.4 531 228
356 x 368 x 177 | 534 x 368 x 177 | 4820 | 1100 174 37.7 | 5120 | 1660 0.949 21.9 14.0 364 200
356 x 368 x 153 | 534 x 368 x 153 | 4180 | 947 153 30.2 | 4410 | 1430 0.949 25.0 1.8 239 173
356 x 368 x 129 | 534 x 368 x 129 | 3520 | 793 134 23.8 | 3700 | 1190 0.949 29.2 9.73 146 146
305 x 305 x 283 | 458 x 305 x 283 | 6650 | 1530 256 90.4 | 7390 | 2320 0.950 10.9 13.8 1940 320
305 x 305 x 240 | 458 x 305 x 240 | 5620 | 1280 210 67.6 | 6180 | 1930 0.950 12.5 1.1 1210 271
305 x 305 x 198 | 458 x 305 x 198 | 4630 | 1040 | 170 | 48.7 | 5030 | 1570 0.952 14.7 8.66 699 223
305 x 305 x 158 | 458 x 305 x 158 | 3670 | 807 137 34.4 | 3940 | 1220 0.952 18.1 6.49 358 177
305 x 305 x 137 | 458 x 305 x 137 | 3180 | 692 120 27.8 | 3390 | 1050 0.953 20.6 5.45 236 153
305 x 305 x 118 | 458 x 305 x 118 | 2730 | 589 106 225 | 2890 | 890 0.952 23.6 4.55 152 132
305 x 305 x 97 | 458 x 305 x 97 2240 | 479 90.9 171 | 2360 | 722 0.954 28.2 3.62 86.3 108
254 x 254 x 167 | 381 x 254 x 167 | 3220 744 115 37.9 | 3540 | 1130 0.952 12.2 3.64 596 188
254 x 254 x 132 | 381 x 254 x 132 | 2540 | 576 88.0 |25.1 | 2750 | 871 0.950 15.0 2.69 303 149
254 x 254 x 107 | 381 x 254 x 107 | 2050 | 458 71.7 | 18.1 | 2200 | 692 0.952 18.1 2.06 164 120
254 x 254 x 89 381 x 254 x 89 1710 | 379 59.5 13.3 | 1820 | 572 0.953 21.2 1.66 97.7 100
254 x 254 x 73 381 x 254 x 73 1400 | 307 50.6 10.1 | 1480 | 463 0.952 25.4 1.31 54.9 82.2
203 x 203 x 86 305 x 203 x 86 1320 | 299 46.8 13.5 | 1440 | 452 0.951 14.8 0.718 130 96.7
203 x 203 x 71 305 x 203 x 71 1100 | 246 37.7 |9.61| 1180 | 371 0.952 17.4 0.571 76.9 80.3
203 x 203 x 60 305 x 203 x 60 911 201 335 |7.83| 971 303 0.951 20.6 0.455 44.4 66.8
203 x 203 x 52 305 x 203 x 52 796 174 29.2 |6.22 | 843 263 0.952 23.3 0.387 30.1 58.3
203 x 203 x 46 305 x 203 x 46 702 152 26.7 | 534 | 740 230 0.952 26.1 0.334 20.9 51.4
162 x 162 x 37 | 228 x 152 x 37 423 91.4 16.8 | 4.13 | 453 138 0.952 19.4 0.0904 17.9 41.0
1562 x 1562 x 30 | 228 x 152 x 30 344 73.3 14.0 [3.05| 365 1 0.952 23.4 0.0704 9.82 33.3
152 x 1562 x 23 | 228 x 152 x 23 255 52.5 12.0 [ 237 | 268 79.5 0.952 30.7 0.0491 4.14 24.8

The values of the elastic modulus of the Tee are the elastic modulus at the flange and at the toe of the Tee formed at the net section.
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STRUCTURAL TEES
CUT FROM UNIVERSAL BEAMS
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DIMENSIONS AND PROPERTIES
Section Cut from Mass | Width Depth Thickness Root Ratios for Dimension Second
Designation Universal Beam per of of Radius | Local Buckling Moment of
Metre | Section | Section | Web | Flange Area
Section Flange | Web
Designation Axis | Axis
B d t T r b/T d/t Cx X-X y-y
kg/m mm mm mm mm mm cm cm? cm?
305 x 457 x 127 | 914 x 305 x 253 | 126.7 | 305.5 459.1 17.3 27.9 19.1 5.47 26.5 12.0 32700 | 6650
305 x 457 x 112 | 914 x 305 x 224 | 112.1 304.1 455.1 15.9 23.9 19.1 6.36 28.6 121 29100 | 5620
305 x 457 x 101 | 914 x 305 x 201 | 100.4 303.3 451.4 15.1 20.2 19.1 7.51 29.9 125 26400 | 4710
292 x 419 x 113 | 838 x 292 x 226 | 113.3 | 293.8 425.4 16.1 26.8 17.8 5.48 26.4 10.8 24600 | 5680
292 x 419 x 97 838 x 292 x 194 | 96.9 292.4 420.3 14.7 21.7 17.8 6.74 28.6 1.1 21300 | 4530
292 x 419 x 88 838 x 292 x 176 | 87.9 291.7 417.4 14.0 18.8 17.8 7.76 29.8 1.4 19600 | 3900
267 x 381 x 99 762 x 267 x 197 | 98.4 268.0 384.8 15.6 25.4 16.5 5.28 247 9.89 17500 | 4090
267 x 381 x 87 762 x 267 x 173 | 86.5 266.7 381.0 14.3 21.6 16.5 6.17 26.6 9.98 15500 | 3430
267 x 381 x 74 762 x 267 x 147 | 73.5 265.2 376.9 12.8 17.5 16.5 7.58 29.4 10.2 13200 | 2730
267 x 381 x 67 762 x 267 x 134 | 66.9 264.4 374.9 12.0 15.5 16.5 8.53 31.2 10.3 12100 | 2390
254 x 343 x 85 686 x 254 x 170 | 85.1 255.8 346.4 145 23.7 15.2 5.40 23.9 8.67 12100 | 3320
254 x 343 x 76 686 x 254 x 152 | 76.2 254.5 343.7 13.2 21.0 15.2 6.06 26.0 8.61 10800 | 2890
254 x 343 x 70 686 x 254 x 140 | 70.0 253.7 341.7 124 19.0 15.2 6.68 27.6 8.63 9910 | 2590
254 x 343 x 63 686 x 254 x 125 | 62.6 253.0 338.9 1.7 16.2 15.2 7.81 29.0 8.85 8980 | 2190
305 x 305 x 119 | 610 x 305 x 238 | 119.0 311.4 317.8 18.4 31.4 16.5 4.96 17.3 7.1 12300 | 7920
305 x 305 x 90 610 x 305 x 179 | 89.5 307.1 310.0 141 23.6 16.5 6.51 22.0 6.69 9040 | 5700
305 x 305 x 75 610 x 305 x 149 | 74.6 304.8 306.1 1.8 19.7 16.5 7.74 25.9 6.45 7420 | 4650
229 x 305 x 70 610 x 229 x 140 | 69.9 230.2 308.5 13.1 221 12.7 5.21 235 7.61 7740 | 2250
229 x 305 x 63 610 x 229 x 125 | 62.5 229.0 306.0 1.9 19.6 12.7 5.84 25.7 7.54 6900 | 1970
229 x 305 x 57 610 x 229 x 113 | 56.5 228.2 303.7 1.1 17.3 12.7 6.60 27.4 7.58 6270 | 1720
229 x 305 x 51 610 x 229 x 101 50.6 227.6 301.2 10.5 14.8 12.7 7.69 28.7 7.78 5690 | 1460
210 x 267 x 61 | 533x210x 122 | 61.0 | 211.9 2722 | 127 | 21.3 12.7 497 | 214 6.66 5160 | 1690
210x 267 x 55 | 533x210x109 | 545 | 2108 | 269.7 | 11.6 | 18.8 12.7 561 | 233 6.61 4600 | 1470
210 x 267 x 51 533 x 210 x 101 50.5 210.0 268.3 10.8 17.4 12.7 6.03 24.8 6.53 4250 | 1350
210 x 267 x 46 533 x 210 x 92 46.1 209.3 266.5 10.1 15.6 12.7 6.71 26.4 6.55 3890 | 1200
210 x 267 x 41 533 x 210 x 82 4141 208.8 264.1 9.6 13.2 12.7 7.91 27.5 6.75 3530 | 1000
191 x 229 x 49 | 457 x191x98 | 49.2 | 192.8 | 2335 | 11.4 | 196 10.2 492 | 205 5.53 2970 | 1170
191 x 229 x 45 | 457 x191x89 | 446 | 191.9 | 2316 | 105 | 17.7 10.2 542 | 221 5.47 2680 | 1050
191 x 229 x 41 457 x 191 x 82 41.0 191.3 229.9 9.9 16.0 10.2 5.98 23.2 5.47 2470 935
191 x 229 x 37 457 x 191 x 74 371 190.4 228.4 9.0 145 10.2 6.57 25.4 5.38 2220 836
191 x 229 x 34 | 457 x 191 x 67 336 | 189.9 2266 | 85 12.7 10.2 7.48 | 267 5.46 2030 | 726
152 x 229 x 41 457 x 152 x 82 41.0 155.3 232.8 105 18.9 10.2 4.1 22.2 5.96 2600 592
152 x 229 x 37 457 x 152 x 74 37.1 154.4 230.9 9.6 17.0 10.2 4.54 241 5.88 2330 523
152 x 229 x 34 457 x 152 x 67 33.6 153.8 228.9 9.0 15.0 10.2 5.13 25.4 5.91 2120 456
152 x 229 x 30 457 x 152 x 60 29.9 152.9 227.2 8.1 13.3 10.2 5.75 28.0 5.84 1880 397
152 x 229 x 26 457 x 152 x 52 26.2 152.4 224.8 7.6 10.9 10.2 6.99 29.6 6.04 1670 322
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STRUCTURAL TEES
CUT FROM UNIVERSAL BEAMS
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PROPERTIES (CONTINUED)
Section Radius Elastic Plastic Buckling | Torsional Mono- Warping | Torsional Area
Designation of Gyration Modulus Modulus Parameter Index symmetry | Constant | Constant of
Index *) Section
Axis | Axis Axis Axis | Axis | Axis
XX | y-y X-X yy | XX | yy
Flange | Toe u X 74 H J A

cm | cm cm® cm® | em® | em® | cm® cm® cm* cm?
305 x 457 x 127 | 14.2 | 6.42 | 2720 965 | 435 | 1730 | 685 0.656 18.1 0.749 17000 313 161
305 x 457 x 112 | 14.3 | 6.27 | 2400 871 | 369 | 1570 | 582 0.666 20.6 0.753 12400 21 143
305 x 457 x 101 | 14.4 | 6.07 | 2110 808 | 311 | 1460 | 491 0.685 234 0.759 9820 146 128
292 x 419 x 113 | 13.1 | 6.27 | 2280 776 | 387 | 1380 | 606 0.640 17.5 0.742 11500 257 144
292 x 419 x 97 13.1 | 6.06 | 1930 689 | 310 | 1240 | 487 0.660 20.8 0.747 7830 153 123
292 x 419 x 88 132 | 590 | 1720 644 | 267 | 1160 | 421 0.675 232 0.751 6320 M 112
267 x 381 x 99 11.8 | 5.71 1770 613 | 305 | 1090 | 479 0.641 16.6 0.741 7620 202 125
267 x 381 x 87 119 | 558 | 1550 550 | 257 | 986 | 404 0.654 19.0 0.745 5450 134 110
267 x 381 x 74 11.9 | 540 | 1300 481 | 206 | 867 | 324 0.670 22.6 0.749 3600 79.5 93.6
267 x 381 x 67 5.30 1180 445 | 181 806 | 285 0.679 249 0.753 2850 59.2 85.3
254 x343x85 | 105 | 553 | 1390 | 464 | 259 | 826 | 406 0.624 15.9 0.731 4720 154 108
254 x 343 x 76 10.5 | 5.46 1250 417 | 227 | 743 | 355 0.627 17.7 0.732 3420 110 97.0
254 x 343 x 70 10.5 | 5.39 1150 388 | 204 | 691 319 0.633 19.3 0.734 2720 84.3 89.2
254 x 343 x 63 10.6 | 5.24 | 1010 358 | 173 | 643 | 271 0.651 21.9 0.740 2090 58.1 79.7
305 x 305 x 119 | 9.02 | 7.23 | 1740 | 500 | 509 | 894 | 787 0.483 10.6 0.661 11300 393 152
305 x 305 x 90 891 | 7.07 | 1350 372 | 371 657 | 572 0.485 13.8 0.664 4710 170 114
305 x 305 x 75 8.83 | 7.00 1150 307 | 305 | 539 | 469 0.483 16.3 0.666 2690 100 95.0
229 x 305 x 70 9.32 | 5.03 | 1020 333 | 196 | 592 | 306 0.613 15.3 0.727 2560 108 89.1
229 x 305 x 63 9.31 | 4.97 915 299 | 172 | 531 | 268 0.617 17.0 0.728 1840 771 79.7
229 x 305 x 57 9.33 | 4.88 826 275 | 150 | 489 | 235 0.626 19.0 0.731 1400 55.7 72.0
229 x 305 x 51 9.40 | 4.76 732 255 | 128 | 456 | 200 0.645 215 0.736 1080 38.5 64.4
210 x 267 x 61 8.15 | 4.67 775 251 | 160 | 446 | 250 0.600 13.8 0.719 1660 89.2 77.7
210 x 267 x 55 8.14 | 4.60 697 226 | 140 | 401 | 218 0.605 15.4 0.721 1200 63.2 69.4
210 x 267 x 51 8.12 | 4.57 650 209 | 128 | 371 | 200 0.606 16.6 0.722 951 50.5 64.3
210 x 267 x 46 8.14 | 4.51 593 193 | 114 | 343 | 178 0.613 18.2 0.724 737 37.8 58.7
210 x 267 x 41 8.21 | 4.38 523 179 1 96.1 | 320 | 150 0.634 20.8 0.730 565 25.8 52.3
191 x229x49 | 6.88 | 433 | 536 167 | 122 | 296 | 189 0.573 12.9 0.705 835 60.6 62.6
191 x 229 x 45 6.87 | 4.29 491 152 | 109 | 269 | 169 0.576 1441 0.706 628 45.3 56.9
191 x 229 x 41 6.88 | 4.23 452 141 | 97.8 | 250 | 152 0.583 15.4 0.708 494 34.6 52.2
191 x 229 x 37 6.86 | 4.20 413 127 | 87.8 | 225 | 136 0.583 16.9 0.709 365 25.9 47.3
191 x 229 x 34 6.90 | 4.12 372 118 [ 76.5 | 209 | 119 0.597 18.9 0.713 280 18.6 42.7
152 x 229 x 41 7.05 | 3.37 436 150 | 76.3 | 267 | 120 0.634 13.7 0.740 534 44.6 52.3
152 x 229 x 37 7.03 | 3.33 397 135 | 67.8 | 242 | 107 0.637 151 0.742 396 33.0 47.2
152 x 229 x 34 7.04 | 3.27 359 125 | 59.3 | 223 | 93.3 0.646 16.8 0.745 305 23.8 42.8
152 x 229 x 30 7.02 | 3.23 322 111 | 52.0 [ 199 | 815 0.649 18.7 0.746 217 16.9 38.1
152 x 229 x 26 7.08 | 3.1 276 102 | 42.3 | 183 | 66.7 0.671 21.9 0.753 161 10.7 33.3

(*) Note units are cm® and not dm®.
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Section Cut from Mass Width Depth Thickness Root Ratios for Dimension Second
Designation Universal Beam per of of Radius | Local Buckling Moment of
Metre | Section | Section | Web | Flange Area
Section Flange | Web
Designation Axis | Axis
B d t T r b/T dit Cx X-X y-y
kg/m mm mm mm mm mm cm cm* | cm*
178 x 203 x 37 | 406 x 178 x 74 | 37.1 179.5 206.3 9.5 16.0 10.2 5.61 217 4.76 1740 | 773
178 x 203 x 34 | 406 x 178 x 67 | 33.6 178.8 204.6 8.8 14.3 10.2 6.25 23.2 4.73 1570 | 682
178 x 203 x 30 | 406 x 1778 x 60 | 30.0 177.9 203.1 7.9 12.8 10.2 6.95 25.7 4.64 1400 | 602
178 x 203 x 27 | 406 x 178 x 54 | 27.1 177.7 201.2 7.7 10.9 10.2 8.15 26.1 4.83 1290 | 511
140 x 203 x 23 | 406 x 140 x 46 | 23.0 142.2 201.5 6.8 1.2 10.2 6.35 29.6 5.02 1120 | 269
140 x 203 x 20 | 406 x 140 x 39 | 19.5 141.8 198.9 6.4 8.6 10.2 8.24 31.1 5.32 979 | 205
171 x 178 x 34 | 356 x 171 x 67 | 33.5 173.2 181.6 9.1 15.7 10.2 5.52 20.0 4.00 1150 | 681
171 x 178 x 29 | 356 x 171 x 57 285 172.2 178.9 8.1 13.0 10.2 6.62 221 3.97 986 554
171 x 178 x 26 | 356 x 171 x 51 255 1715 177.4 7.4 1.5 10.2 7.46 24.0 3.94 882 484
171 x 178 x 23 | 356 x 171 x 45 | 225 1711 175.6 7.0 9.7 10.2 8.82 251 4.05 798 | 406
127 x 178 x 20 | 356 x 127 x 39 19.5 126.0 176.6 6.6 10.7 10.2 5.89 26.8 4.43 728 179
127 x 178 x 17 | 356 x 127 x 33 16.5 125.4 174.4 6.0 8.5 10.2 7.38 291 4.56 626 140
165 x 152 x 27 | 305 x 165 x 54 | 27.0 166.9 155.1 7.9 13.7 8.9 6.09 19.6 3.21 642 531
165 x 1562 x 23 | 305 x 165 x 46 | 23.1 165.7 153.2 6.7 11.8 8.9 7.02 22.9 3.07 536 | 448
165 x 1562 x 20 | 305 x 165 x 40 | 20.1 165.0 151.6 6.0 10.2 8.9 8.09 25.3 3.03 468 | 382
127 x 152 x 24 | 305 x 127 x 48 | 24.0 125.3 155.4 9.0 14.0 8.9 4.47 17.3 3.94 662 231
127 x 152 x 21 | 305 x 127 x 42 | 21.0 124.3 153.5 8.0 121 8.9 5.14 19.2 3.87 573 194
127 x 1562 x 19 | 305 x 127 x 37 | 185 123.4 152.1 71 10.7 8.9 5.77 214 3.78 501 168
102 x 152 x 17 | 305 x 102 x 33 | 16.4 102.4 156.3 6.6 10.8 7.6 4.74 23.7 4.14 487 | 97.0
102 x 152 x 14 | 305 x 102 x 28 | 14.1 101.8 154.3 6.0 8.8 7.6 5.78 25.7 4.20 420 | 77.7
102 x 152 x 13 | 305 x 102x 25 | 12.4 101.6 152.5 5.8 7.0 7.6 7.26 26.3 4.43 377 | 615
146 x 127 x 22 | 254 x 146 x 43 215 147.3 129.7 7.2 12.7 7.6 5.80 18.0 2.64 343 339
146 x 127 x 19 | 254 x 146 x 37 | 185 146.4 127.9 6.3 10.9 7.6 6.72 20.3 2.55 292 285
146 x 127 x 16 | 254 x 146 x 31 15.6 146.1 125.6 6.0 8.6 7.6 8.49 20.9 2.66 259 | 224
102 x 127 x 14 | 254 x 102 x 28 14.2 102.2 130.1 6.3 10.0 7.6 5.11 20.7 3.24 277 89.3
102 x 127 x 13 | 254 x 102 x 25 12.6 101.9 128.5 6.0 8.4 7.6 6.07 21.4 3.32 250 74.3
102 x 127 x 11 | 254 x 102 x 22 1.0 101.6 126.9 5.7 6.8 7.6 7.47 223 3.45 223 | 59.7
183 x 102 x 15 [ 203 x 133 x 30 | 15.0 133.9 103.3 6.4 9.6 7.6 6.97 16.1 2.1 154 192
133 x 102 x 13 | 203 x 133 x 25 12.5 133.2 101.5 57 7.8 7.6 8.54 17.8 2.10 131 154
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PROPERTIES (CONTINUED)

Section Radius Elastic Plastic Buckling | Torsional Mono- Warping | Torsional | Area

Designation of Gyration Modulus Modulus Parameter Index symmetry | Constant | Constant of

Index *) Section
Axis | Axis Axis Axis | Axis | Axis
xx | yy XX yy | xx | yy

Flange | Toe u X 74 H J A
cm | cm cm?® cm® [ cm® | cm® | cm?® cm® cm* cm?
178 x 203 x 37 | 6.06 | 4.04 365 109 | 86.1 | 194 | 133 0.556 13.8 0.696 350 31.4 47.2
178 x 203 x 34 | 6.07 | 3.99 332 100 | 76.3 | 177 | 118 0.561 15.2 0.698 262 23.1 42.8
178 x 203 x 30 | 6.04 | 3.97 301 89.0 | 67.6 | 157 | 105 0.561 16.9 0.699 186 16.7 38.3
178 x 203 x 27 | 6.13 | 3.85 268 84.6 | 57.5 | 150 | 89.1 0.588 19.1 0.705 146 1.6 34.5
140 x 203 x 23 | 6.19 | 3.03 224 742 | 37.8 | 132 | 59.1 0.633 19.5 0.740 93.7 9.51 29.3
140 x 203 x 20 | 6.28 | 2.87 184 67.2 | 28.9 | 121 | 454 0.668 237 0.750 66.3 5.35 24.8
171 x 178 x 34 | 5.20 | 3.99 288 815 | 786 | 145 | 121 0.500 12.2 0.672 249 27.8 42.7
171 x 178 x 29 | 5.21 | 3.91 248 70.9 | 64.4 | 125 | 99.4 0.514 14.4 0.676 154 16.7 36.3
171 x 178 x 26 | 5.21 | 3.86 224 63.9 | 56.5 | 113 | 87.1 0.522 16.0 0.677 110 11.9 32.4
171 x 178 x 23 | 5.28 | 3.76 197 59.1 | 47.4 | 104 | 73.3 0.545 18.4 0.683 79.2 7.92 28.7
127 x 178 x 20 | 5.41 | 2.68 164 55.0 | 28.4 | 98.1 | 44.5 0.632 17.6 0.739 571 7.55 24.9
127 x 178 x 17 | 5.45 | 2.58 137 48.6 | 22.3 | 87.2 | 35.1 0.654 211 0.746 38.0 4.40 2141
165 x 1562 x 27 | 4.32 | 3.93 200 522 | 63.7 | 929 | 97.8 0.389 1.8 0.636 128 17.4 34.4
165 x 1562 x 23 | 4.27 | 3.91 174 43.7 | 541 | 77.2 | 82.8 0.380 13.6 0.636 78.6 1.1 29.4
165 x 152 x 20 | 4.27 | 3.86 155 38.6 | 46.3 | 67.7 | 70.9 0.393 15.5 0.638 52.0 7.37 25.7
127 x 152 x 24 | 4.65 | 2.74 168 57.1 | 36.8 | 102 | 58.0 0.602 1.7 0.714 104 15.9 30.6
127 x 152 x 21 | 4.63 | 2.70 148 49.9 | 31.3 | 88.9 | 49.2 0.606 13.2 0.716 69.2 10.6 26.7
127 x 152 x 19 | 4.61 | 2.67 132 438 | 27.2 | 78.0 | 42.7 0.606 14.9 0.718 47.4 7.38 23.6
102 x 152 x 17 | 4.82 | 2.15 118 42.3 | 19.0 | 75.8 | 30.0 0.656 15.8 0.749 36.8 6.10 20.9
102 x 152 x 14 | 4.84 | 2.08 100 374 | 163 | 67.4 | 24.2 0.673 18.7 0.756 25.2 3.70 17.9
102 x 152 x 13 | 4.88 | 1.97 85.0 34.8 | 12.1 | 63.4 | 194 0.702 217 0.766 20.4 2.39 15.8
146 x 127 x 22 | 3.54 | 3.52 130 33.2 | 46.0 | 59.6 | 70.5 0.195 10.6 0.613 64.9 1.9 27.4
146 x 127 x 19 | 3.52 | 3.48 115 28.5 | 39.0 | 50.7 | 59.7 0.233 12.2 0.616 41.0 7.67 23.6
146 x 127 x 16 | 3.61 | 3.36 | 97.4 26.2 | 30.6 | 46.1 | 47.1 0.376 14.8 0.623 245 4.28 19.8
102 x 127 x 14 | 3.92 | 222 | 855 28.3 | 17.5 | 50.5 | 27.4 0.608 13.7 0.720 21.0 4.78 18.0
102 x 127 x 13 | 3.95 | 215 | 75.3 26.2 | 14.6 | 46.9 | 23.0 0.629 15.7 0.727 15.9 3.21 16.0
102 x 127 x 11 | 3.99 | 2.06 | 64.5 241 | 11.7 | 434 | 18.6 0.655 18.2 0.735 12.0 2.07 14.0
133 x 102 x 15 | 2.84 | 3.17 731 18.8 | 28.7 | 335 | 44.1 - 10.7 0.569 21.7 5.15 19.1
133 x102x 13 | 2.86 | 3.10 | 62.4 16.2 | 23.1 | 28.7 | 3565 - 12.8 0.572 12.6 2.98 16.0

(*) Note units are cm® and not dm®.
— Indicates that no values of u and x are given, as lateral torsional buckling due to bending about the x-x axis is not possible, because the
second moment of area about the y-y axis exceeds the second moment of area about the x-x axis.
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STRUCTURAL TEES
CUT FROM UNIVERSAL COLUMNS

DIMENSIONS
Section Cut from Mass Width Depth Thickness Root Ratios for Dimension
Designation Universal per of of Radius Local Buckling
Column Metre | Section | Section | Web | Flange
Flange | Web
Section B d t T r b/T dit Cyx

Designation kg/m mm mm mm mm mm cm
406 x 178 x 118 | 356 x 406 x 235 | 117.5 394.8 190.4 18.4 30.2 15.2 6.54 10.3 3.40
368 x 178 x 101 356 x 368 x 202 100.9 374.7 187.2 16.5 27.0 15.2 6.94 1.3 3.29
368 x 178 x 89 356 x 368 x 177 88.5 372.6 184.0 14.4 23.8 15.2 7.83 12.8 3.09
368 x 178 x 77 356 x 368 x 153 76.5 370.5 180.9 12.3 20.7 15.2 8.95 14.7 2.88
368 x 178 x 65 356 x 368 x 129 64.5 368.6 177.7 10.4 17.5 15.2 10.5 174 2.69
305 x 152 x 79 305 x 305 x 158 79.0 311.2 163.5 15.8 25.0 15.2 6.22 10.3 3.04
305 x 152 x 69 305 x 305 x 137 68.5 309.2 160.2 13.8 21.7 15.2 712 1.6 2.86
305 x 152 x 59 305 x 305 x 118 58.9 307.4 157.2 12.0 18.7 15.2 8.22 131 2.69
305 x 152 x 49 305 x 305 x 97 48.4 305.3 153.9 9.9 15.4 15.2 9.91 15.5 2.50
254 x 127 x 66 254 x 254 x 132 66.0 261.3 138.1 156.3 25.3 12.7 5.16 9.03 2.70
254 x 127 x 54 254 x 254 x 107 53.5 258.8 133.3 12.8 20.5 12.7 6.31 10.4 2.45
254 x 127 x 45 254 x 254 x 89 445 256.3 130.1 10.3 17.3 12.7 7.41 12.6 2.21
254 x 127 x 37 254 x 254 x 73 36.5 254.6 127.0 8.6 14.2 12.7 8.96 14.8 2.05
203 x 102 x 43 203 x 203 x 86 43.0 209.1 111.0 12.7 20.5 10.2 5.10 8.74 2.20
203 x 102 x 36 203 x 203 x 71 35.5 206.4 107.8 10.0 17.3 10.2 5.97 10.8 1.95
203 x 102 x 30 203 x 203 x 60 30.0 205.8 104.7 9.4 14.2 10.2 7.25 1.1 1.89
203 x 102 x 26 203 x 203 x 52 26.0 204.3 103.0 7.9 12.5 10.2 8.17 13.0 1.75
203 x 102 x 23 203 x 203 x 46 23.0 203.6 101.5 7.2 11.0 10.2 9.25 141 1.69
152 x 76 x 19 152 x 152 x 37 18.5 154.4 80.8 8.0 1.5 7.6 6.71 10.1 1.53
152 x 76 x 15 152 x 152 x 30 15.0 152.9 78.7 6.5 9.4 7.6 8.13 1241 1.41
152 x 76 x 12 152 x 152 x 23 1.5 152.2 76.1 5.8 6.8 7.6 1.2 131 1.39
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STRUCTURAL TEES
CUT FROM UNIVERSAL COLUMNS

PROPERTIES
Section Second Radius Elastic Plastic Mono- Warping | Torsional | Area
Designation Moment of Gyration Modulus Modulus symmetry | Constant | Constant of
of Area Index *) Section
Axis | Axis | Axis | Axis Axis Axis | Axis | Axis
X-X Y-y XX yy XX Yy | XX | yy
Flange | Toe 172 H J A

cm* | em* | cm | cm cm® | em® [ cm® | cm® | cm® cm® cm* cm?
406 x 178 x 118 | 2860 | 15500 | 4.37 | 10.2 | 843 183 | 785 | 367 | 1190 0.165 12700 405 150
368 x 178 x 101 | 2460 | 11800 | 4.38 | 9.60 | 749 160 | 632 | 312 | 960 0.216 7840 278 129
368 x 178 x 89 | 2090 | 10300 | 4.30 | 9.54 | 676 136 | 551 | 263 | 835 0.212 5270 190 113
368 x 178 x 77 | 1730 | 8780 | 4.22 | 9.49 | 601 114 | 474 | 216 | 717 0.209 3390 125 97.4
368 x 178 x 65 | 1420 | 7310 | 4.16 [ 9.43 | 527 |94.1 | 396 | 175 | 600 0.207 2010 76.2 82.2
305 x 152 x 79 | 1530 | 6290 | 3.90 | 7.90 | 503 115 | 404 | 225 | 615 0.268 3650 188 101
305 x 152 x 69 | 1290 | 5350 | 3.84 ( 7.83 | 450 | 97.7 | 346 | 188 | 526 0.263 2340 124 87.2
305 x 152 x 59 | 1080 | 4530 | 3.79 | 7.77 | 401 82.8 | 295 | 156 | 448 0.262 1470 80.3 751
305x 152 x49 | 858 | 3650 | 3.73 (7.69 | 343 |66.5| 239 | 123 | 363 0.258 806 455 61.7
254 x 127 x66 | 871 | 3770 | 3.22 [ 6.69 | 323 |783 | 288 | 159 | 439 0.250 2200 159 84.1
254 x 127 x 54 | 676 | 2960 | 3.15 (6.59 | 276 |62.1 | 229 | 122 | 349 0.245 1150 85.9 68.2
254 x 127 x 45 | 524 | 2430 | 3.04 [ 6.55 | 237 |485 | 190 | 94.1 | 288 0.242 660 51.1 56.7
254 x 127 x 37 | 417 | 1950 | 2.99 [ 6.48 | 204 |39.2 | 153 | 74.1 | 233 0.236 359 28.8 46.5
203 x 102x43 | 373 | 1560 | 2.61 [ 534 | 169 |41.9 | 150 | 84.6 | 228 0.257 605 68.1 54.8
203 x 102x36 | 280 | 1270 | 2.49 (530 | 143 |31.8 | 123 | 63.6 | 187 0.254 343 40.0 452
203 x 102x30 | 244 | 1030 | 2,53 (520 | 129 |284 | 100 | 54.4 | 153 0.245 195 23.5 38.2
203 x 102 x 26 | 200 889 | 2.46 | 5.18 115 | 23.4 | 87.0 [ 445 | 132 0.243 128 15.8 33.1
203 x 102x23 | 177 774 | 245|513 | 105 |20.9 [ 76.0 | 39.0 | 115 0.242 87.2 11.0 29.4
152 x 76 x 19 93.1 353 | 1.99 | 387 | 60.7 | 142|457 |27.1|69.8 0.277 44.9 9.54 23.5
152 x 76 x 15 722 | 280 |1.94 (383 | 514 |11.2|36.7 209 | 558 0.269 23.7 5.24 19.1
152 x 76 x 12 58.5 | 200 |2.00 |3.70 | 41.9 |[9.41|26.3 | 16.9 | 40.1 0.278 9.78 2.30 14.6

(*) Note units are cm® and not dm®.
Values of u and x are not given, as lateral torsional buckling due to bending about the x-x axis is not possible, because the second
moment of area about the y-y axis exceeds the second moment of area about the x-x axis.
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BS 5950: Part 1: 2000: Section two

Table 8. Suggested limits for calculated deflections

(a) Vertical deflection of beams due to imposed load

Cantilevers Length/180
Beams carrying plaster or other brittle finish Span/360

Other beams (except purlins and sheeting rails) Span/200

Purlins and sheeting rails See clause 4.12.2

(b) Horizontal deflection of columns due to imposed load and wind load

Tops of columns in single-storey buildings, except portal frames Height/300

Columns in portal frame buildings, not supporting crane runways To suit cladding
Columns supporting crane runways To suit crane runway

In each storey of a building with more than one storey Height of that storey/300

(c) Crane girders

Vertical deflection due to static vertical wheel loads from overhead
travelling cranes Span/600

Horizontal deflection (calculated on the top flange properties alone)
due to horizontal crane loads Span/500
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Table 9. Design strength p,

Steel grade Thickness? less than or equal to Design strength p,
mm N/mm?
S 275 16 275
40 265
63 255
80 245
100 235
150 225
S 355 16 355
40 345
63 335
80 325
100 315
150 295
S 460 16 460
40 440
63 430
80 410
100 400

2For rolled sections, use the specified thickness of the thickest element of the cross-section.
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Table 11. Limiting width-to-thickness ratios for sections other than CHS and RHS

Compression element Ratio® Limiting value®

Class 1 Class 2 Class 3

plastic compact semi-compact
Outstand element of Rolled section b/T 9¢ 10¢e 15¢
compression flange Welded section b/T 8¢ 9¢ 13¢
Internal element of Compression due b/T 28¢ 32¢ 40¢
compression flange to bending

Axial compression b/T Not applicable

Web of an |-, Neutral axis at mid-depth ak 80¢ 100¢e 120¢
H- or box Generally?  If ry is negative: at 100¢
section® 141,

If ry is positive: art 80¢ 100¢ 120¢
1+n 1+1.5n 1+2n,
but >40e but 240e  but 240¢

Axial compression® at Not applicable
Web of a channel at 40¢e 40¢e 40¢
Angle, compression due to bending b/t 9¢ 10¢e 15¢
(Both criteria should be satisfied) at ¢ 10e15¢
Single angle, or double angles with the b/t 15¢
components separated, axial compression at Not applicable 15¢
(All three criteria should be satisfied) (b+ d)t 24¢
Outstand leg of an angle in contact back-to-back b/t e 10¢e 15¢
in a double angle member
Outstand leg of an angle with its back in
continuous contact with another component
Stem of a T-section, rolled or cut from a rolled D/t 8¢ e 18¢

|- or H-section

“Dimensions b, D, d, T and t are as defined in Figure 5 of BS 5950-1. For a box section b and T are
flange dimensions and d and t are web dimensions, where the distinction between webs and flanges
depends upon whether the box section is bent about its major axis or its minor axis: see clause 3.5.1.
®The parameter ¢ = (275/p,)°*.

°For the web of a hybrid section e should be based on the design strength p,; of the flanges.

9The stress ratios r, and r, are defined in clause 3.5.5.
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Table 12. Limiting width-to-thickness ratios for CHS and RHS

1223

Compression element Ratio? Limiting value®
Class 1 Class 2 Class 3
plastic compact semi-compact
CHS Compression due to bending D/t 40¢ 50& 140¢
Axial compression D/t Not applicable  Not applicable 80¢
HF Flange Compression due b/t 28¢ 32¢
RHS to bending but <80e — d/t  but <62¢ — 0.5d/t 40¢
Axial compression b/t Not applicable  Not applicable
Web Neutral axis at at 64e 80¢ 120¢
mid-depth
Generally™ it 64¢ 80¢ 120¢
1+0.6n 1+n 1+2n,
but >40¢ but >40¢ but >40¢
Axial compression?  d/t Not applicable  Not applicable
CF Flange Compression due b/t 26¢ 28¢
RHS to bending but <72e — d/t  but <54e - 0.5d/t 35¢
Axial compression? b/t Not applicable  Not applicable
Neutral axis at art 56¢ 70¢e 105¢
mid-depth
Generally® ait 56¢ 70¢ 105¢
1+0.6n 1+n 1+2n,
but >35¢ but >35¢ but >35¢
Axial compression?  d/t Not applicable  Not applicable

Abbreviations
CF  Cold-formed;

CHS Circular hollow section — including welded tube;

HF Hot-finished;

RHS Rectangular hollow section — including square hollow section.

2For an RHS, the dimensions b and d should be taken as follows:
— for HF RHS to BS EN 10210: b=B-3t d=D-3t

— for CF RHS to BS EN 10219: b=B-5t d=D-5t
and B, D and t are as defined in Figure 5 of BS 5950-1. For an RHS subject to bending B and b are
always flange dimensions and D and d are always web dimensions, but the definition of which sides of the
RHS are webs and which are flanges changes according to the axis of bending: see clause 3.5.1.

®The parameter ¢ = (275/p,)°*.

°For RHS subject to moments about both axes see H.3.
9The stress rations r; and r, are defined in clause 3.5.5.
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Table 16. Bending strength p, (N/mm?) for rolled sections

AT Steel grade and design strength p, (N/mm?)
S 275 S 355 S 460

235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
25 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
30 235 245 255 265 275 315 325 335 345 355 395 403 421 429 446
35 235 245 255 265 273 307 316 324 332 341 378 386 402 410 426
40 229 238 246 254 262 294 302 309 317 325 359 367 382 389 404
45 219 227 235 242 250 280 287 294 302 309 340 347 361 367 381
50 210 217 224 231 238 265 272 279 285 292 320 326 338 344 356
55 199 206 213 219 226 251 257 263 268 274 299 305 315 320 330
60 189 195 201 207 213 236 241 246 251 257 278 283 292 296 304
65 179 185 190 196 201 221 225 230 234 239 257 261 269 272 279
70 169 174 179 184 188 206 210 214 218 222 237 241 247 250 256
75 159 164 168 172 176 192 195 199 202 205 219 221 226 229 234
80 150 154 158 161 165 178 181 184 187 190 201 203 208 210 214
85 140 144 147 151 154 165 168 170 173 175 185 187 190 192 195
90 132 135 138 141 144 153 156 158 160 162 170 172 175 176 179
95 124 126 129 131 134 143 144 146 148 150 157 158 161 162 164
100 116 118 121 123 125 132 134 136 137 139 145 146 148 149 151
105 109 111 113 115 117 123 125 126 128 129 134 135 137 138 140
110 102 104 106 107 109 115 116 117 119 120 124 125 127 128 129
115 96 97 99 101 102 107 108 109 110 111 115 116 118 118 120
120 90 91 93 94 96 100 101 102 103 104 107 108 109 110 111
1256 85 86 87 89 90 94 95 96 96 97 100 101 102 103 104
130 80 81 82 83 84 8 8 90 90 91 94 94 95 96 97
135 75 76 77 78 79 83 83 84 8 85 8 8 89 90 90
140 71 72 73 74 75 78 78 79 80 80 82 83 84 84 8
145 67 68 69 70 71 73 74 74 75 75 77 78 79 79 80
150 64 64 65 66 67 69 70 70 71 71 73 73 74 74 75
155 60 61 62 62 63 65 66 66 67 67 69 69 70 70 71
160 57 58 59 59 60 62 62 63 63 63 65 65 66 66 67
165 54 55 56 56 57 59 59 59 60 60 61 62 62 62 63
170 52 52 53 53 54 56 56 56 57 57 58 58 59 59 60
175 49 50 50 51 51 53 53 53 54 54 55 55 56 56 56
180 47 47 48 48 49 50 51 51 51 51 52 53 53 53 54
185 45 45 46 46 46 48 48 48 49 49 50 50 50 51 51
190 43 43 44 44 44 46 46 46 46 47 48 48 48 48 48
195 41 41 42 42 42 43 44 44 44 44 45 45 46 46 46
200 39 39 40 40 40 42 42 42 42 42 43 43 44 44 44
210 36 36 37 37 37 38 38 38 39 39 39 40 40 40 40
220 33 33 34 34 34 3B 3B 3B 3B 36/ 36 36 37 37 37
230 31 31 3 31 31 32 32 33 33 33 33 33 34 34 34
240 28 29 29 29 29 30 30 3 30 30 3 31 31 3 31
250 26 27 27 27 27 28 28 28 28 28 29 29 29 29 29
Ao 371 36.3 356 350 343 321 316 31.1 30.6 302 284 281 274 271 265
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Table 17. Bending strength p, (N/mm?) for welded sections
AT Steel grade and design strength p, (N/mm?)
S 275 S 355 S 460
235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
25 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
30 235 245 255 265 275 315 325 335 345 355 390 397 412 419 434
35 235 245 255 265 272 300 307 314 321 328 358 365 378 385 398
40 224 231 237 244 250 276 282 288 295 301 328 334 346 352 364
45 206 212 218 224 230 253 259 265 270 276 300 306 316 321 332
50 190 196 201 207 212 233 238 243 248 253 275 279 288 293 302
55 175 180 185 190 195 214 219 223 227 232 251 255 263 269 281
60 162 167 171 176 180 197 201 205 209 212 237 242 253 258 269
65 150 154 158 162 166 183 188 194 199 204 227 232 242 247 256
70 139 142 146 150 155 177 182 187 192 196 217 222 230 234 242
75 130 135 140 145 151 170 175 179 184 188 207 210 218 221 228
80 126 131 136 141 146 163 168 172 176 179 196 199 205 208 214
85 122 127 131 136 140 156 160 164 167 171 185 187 190 192 195
90 118 123 127 131 135 149 152 156 159 162 170 172 175 176 179
95 114 118 122 125 129 142 144 146 148 150 157 158 161 162 164
100 110 113 117 120 123 132 134 136 137 139 145 146 148 149 151
105 106 109 112 115 117 123 125 126 128 129 134 135 137 138 140
110 101 104 106 107 109 115 116 117 119 120 124 125 127 128 129
115 96 97 99 101 102 107 108 109 110 111 115 116 118 118 120
120 90 91 93 94 96 100 101 102 103 104 107 108 109 110 1M
1250 85 86 8 89 90 94 95 96 96 97 100 101 102 103 104
130 80 81 82 83 84 8 8 90 90 91 94 94 95 96 97
135 75 76 77 78 79 83 83 84 8 8 8 8 89 90 90
140 71 72 73 74 75 78 78 79 80 80 82 83 84 84 85
145 67 68 69 70 71 73 74 74 75 75 77 78 79 79 80
150 64 64 65 66 67 69 70 70 71 71 73 73 74 74 75
155 60 61 62 62 63 65 66 66 67 67 69 69 70 70 71
160 57 58 59 59 60 62 62 63 63 63 65 65 66 66 67
165 54 55 56 56 57 59 59 59 60 60 61 62 62 62 63
170 52 52 53 53 54 56 56 56 57 57 58 58 59 59 60
175 49 50 50 51 51 53 53 53 54 54 55 55 56 56 56
180 47 47 48 48 49 50 51 51 51 51 52 53 53 53 54
185 45 45 46 46 46 48 48 48 49 49 50 50 50 51 51
190 43 43 44 44 44 46 46 46 46 47 48 48 48 48 48
195 41 41 42 42 42 43 44 44 44 44 45 45 46 46 46
200 39 39 40 40 40 42 42 42 42 42 43 43 44 44 44
210 36 36 37 37 37 38 38 38 39 39 39 40 40 40 40
220 33 33 34 34 34 3B 3 3B 3B 36 36 36 37 37 37
230 31 31 3 31 31 32 32 33 33 33 33 33 34 34 34
240 28 29 29 29 29 30 30 30 30 30 31 31 31 33H 31
250 26 27 27 27 27 28 28 28 28 28 29 29 29 29 29
Ao 371 36.3 356 350 343 321 316 31.1 306 302 284 281 274 271 265
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Table 23. Allocation of strut curve

Type of section Maximum Axis of
thickness buckling
(see note 1)
X—X y-y
Hot-finished structural hollow section (a) (a)
Cold-formed structural hollow section (c) (c)
Rolled I-section <40mm (a) (b)
>40mm (b) (c)
Rolled H-section <40mm (b) (c)
>40mm (c) (d)
Welded I- or H-section (see note 2 and clause 4.7.5) <40mm (b) (c)
>40mm (b) (d)
Rolled I-section with welded flange cover plates with <40mm (a) (b)
0.25 < U/B < 0.8 as shown in Figure 14(a) of BS 5950-1 >40mm (b) (c)
Rolled H-section with welded flange cover plates with <40mm (b) (c)
0.25 < U/B < 0.8 as shown in Figure 14(a) of BS 5950-1 >40mm (c) (d)
Rolled I- or H-section with welded flange cover plates with <40mm (b) (a)
U/B > 0.8 as shown in Figure 14(b) of BS 5950-1 >40mm (c) (b)
Rolled I- or H-section with welded flange cover plates with <40mm (b) (c)
U/B < 0.25 as shown in Figure 14(c) of BS 5950-1 >40mm (b) (d)
Welded box section (see note 3 and clause 4.7.5) <40mm (b) (b)
>40mm (c) (c)
Round, square or flat bar <40mm (b) (b)
>40mm (c) (c)
Rolled angle, channel or T-section Any axis: (c)

Two rolled sections laced, battened or back-to-back
Compound rolled sections

NOTE 1 For thicknesses between 40mm and 50 mm the value of p, may be taken as the average of the
values for thicknesses up to 40mm and over 40 mm for the relevant value of p,.
NOTE 2 For welded I- or H-sections with their flanges thermally cut by machine without subsequent edge
grinding or machining, for buckling about the y—y axis, strut curve (b) may be used for flanges up to 40mm
thick and strut curve (c) for flanges over 40mm thick. Table 24 gives values for p, for strut curves (a)—(d).
NOTE 3 The category ‘welded box section’ includes any box section fabricated from plates or rolled
sections, provided that all of the longitudinal welds are near the corners of the cross-section. Box sections

with longitudinal stiffeners are not included in this category.



1228  Extracts from BS 5950: Part 1

BS 5950: Part 1: 2000: Section four

Table 24. Compressive strength p, (N/mm?)

(1) Values of p, in N/mm? with A < 110 for strut curve a

Steel grade and design strength p, (N/mm?)

S 275 S 355 S 460

A 235 245 255 265 275 315 325 335 345 355 400 410 430

440

460

15 235 245 255 265 275 315 325 335 345 355 399 409 429
20 234 244 254 264 273 312 322 332 342 351 395 405 424
25 232 241 251 261 270 309 318 328 338 347 390 400 419
30 229 239 248 258 267 305 315 324 333 343 385 395 414
35 226 236 245 254 264 301 310 320 329 338 380 389 407

40 223 233 242 251 260 296 305 315 324 333 373 382 399
42 222 231 240 249 258 294 303 312 321 330 370 378 396
44 221 230 239 248 257 292 301 310 319 327 366 375 392
46 219 228 237 246 255 290 299 307 316 325 363 371 388
48 218 227 236 244 253 288 296 305 313 322 359 367 383

50 216 225 234 242 251 285 293 302 310 318 355 363 378
52 215 223 232 241 249 282 291 299 307 315 350 358 373
54 213 222 230 238 247 279 287 295 303 311 345 353 367
56 211 220 228 236 244 276 284 292 300 307 340 347 361
58 210 218 226 234 242 273 281 288 295 303 334 341 354

60 208 216 224 232 239 269 277 284 291 298 328 334 346
62 206 214 221 229 236 266 273 280 286 293 321 327 338
64 204 211 219 226 234 262 268 275 281 288 314 320 330
66 201 209 216 223 230 257 264 270 276 282 307 312 321
68 199 206 213 220 227 253 259 265 270 276 299 303 312

70 196 203 210 217 224 248 254 259 265 270 291 295 303
72 194 201 207 214 220 243 248 253 258 263 282 286 293
74 191 198 204 210 216 238 243 247 252 256 274 277 283
76 188 194 200 206 212 232 237 241 245 249 265 268 274
78 185 191 197 202 208 227 231 235 239 242 257 259 264

80 182 188 193 198 203 221 225 229 232 235 248 251 255
82 179 184 189 194 199 215 219 222 225 228 240 242 246
84 176 181 185 190 194 209 213 216 219 221 232 234 237
86 172 177 181 186 190 204 207 209 212 214 224 225 229
88 169 173 177 181 185 198 200 203 205 208 216 218 220

90 165 169 173 177 180 192 195 197 199 201 209 210 213
92 162 166 169 173 176 186 189 191 193 194 201 203 205
94 158 162 165 168 171 181 183 185 187 188 194 196 198
96 154 158 161 164 166 175 177 179 181 182 188 189 191
98 151 154 157 159 162 170 172 173 175 176 181 182 184

100 147 150 153 155 157 165 167 168 169 171 175 176 178
102 144 146 149 151 153 160 161 163 164 165 169 170 172
104 140 142 145 147 149 155 156 158 159 160 164 165 166
106 136 139 141 143 145 150 152 153 154 155 158 159 160
108 133 135 137 139 141 146 147 148 149 150 153 154 155

439
434
429
423
416

408
404
400
396
391

386
380
374
368
360

352
344
335
326
316

306
296
286
276
267

257
248
239
230
222

214
206
199
192
185

178
172
166
161
156

458
453
448
442
434

426
422
417
413
407

401
395
388
381
372

364
354
344
334
324

313
302
292
281
271

261
251
242
233
224

216
208
200
193
186

180
174
168
162
157




Extracts from BS 5950: Part 1

Table 24. Compressive strength p, (N/mm?) (continued)

1229

(2) Values of p. (N/mm?) with A > 110 for strut curve a

Steel grade and design strength p, (N/mm?)

S 275 S 355 S 460

A 235 245 255 265 275 315 325 335 345 355 400 410 430 440

460

110 130 132 133 135 137 142 143 144 144 145 148 149 150 150
112 126 128 130 131 133 137 138 139 140 141 144 144 145 146
114 123 125 126 128 129 133 134 135 136 136 139 140 141 141
116 120 121 123 124 125 129 130 131 132 132 135 135 136 137
118 117 118 120 121 122 126 126 127 128 128 131 131 132 132

120 114 115 116 118 119 122 123 123 124 125 127 127 128 128
122 111 112 113 114 115 119 119 120 120 121 123 123 124 124
124 108 109 110 111 112 115 116 116 117 117 119 120 120 121
126 105 106 107 108 109 112 113 113 114 114 116 116 117 117
128 103 104 105 105 106 109 109 110 110 111 112 113 113 114

130 100 101 102 103 103 106 106 107 107 108 109 110 110 110
135 94 95 95 96 97 99 99 100 100 101 102 102 103 103
140 88 89 90 90 O 93 93 93 94 94 95 95 96 96
145 83 84 84 8 8 8 8 8 88 8 8 8 90 90
150 78 799 79 80 80 82 82 82 82 83 83 84 84 84

155 74 74 75 75 75 77 77 77 77 78 78 79 79 79
160 70 70 70 7 71 72 72 73 73 73 74 74 74 74
165 66 66 67 67 67 68 68 69 69 69 70 70 70 70
170 62 63 63 63 64 64 65 65 65 65 66 66 66 66
175 59 59 60 60 60 61 61 61 61 62 62 62 62 63

180 56 56 57 57 57 58 58 58 58 58 59 59 59 59
185 53 54 54 54 54 55 55 55 55 55 56 56 56 56
190 51 51 51 51 52 52 52 52 53 53 53 53 53 53
195 48 49 49 49 49 50 50 50 50 50 50 @51 51 51
200 46 46 46 47 47 47 47 47 48 48 48 48 48 48

210 42 42 42 43 43 43 43 43 43 43 44 44 44 44
220 39 39 39 39 39 39 39 40 40 40 40 40 40 40
230 35 36 36 36 36 36 36 36 36 36 37 37 37 37
240 33 33 33 33 33 33 33 33 33 33 34 34 34 34
250 30 30 30 30 30 31 31 31 31 31 31 31 31 31

260 28 28 28 28 28 28 29 29 29 29 29 29 29 29
270 26 26 26 26 26 26 27 27 27 27 27 27 27 27
280 24 24 24 24 24 25 25 25 25 256 25 25 25 25
290 283 23 23 283 23 283 23 23 23 23 23 23 23 23
300 21 21 21 21 21 2 22 22 22 22 22 22 22 22

310 20 20 20 20 20 20 20 20 20 20 20 20 20 20
320 19 19 19 19 19 19 19 19 19 19 19 19 19 19
330 18 i8 18 18 18 18 18 18 18 18 18 18 18 18
340 17 17 17 7 17 A7 17 17 17 17 17 17 17 17
350 16 6 16 16 16 16 16 16 16 16 16 16 16 16

151

129




1230  Extracts from BS 5950: Part 1

Table 24. Compressive strength p, (N/'mm?) (continued)

(3) Values of p, (N/mm?) with A < 110 for strut curve b

Steel grade and design strength p, (N/mm?)

S 275 S 355 S 460
A 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
15 235 245 255 265 275 315 325 335 345 355 399 409 428 438 457
20 234 243 253 263 272 310 320 330 339 349 391 401 420 429 448
25 229 239 248 258 267 304 314 323 332 342 384 393 411 421 439
30 225 234 243 253 262 298 307 316 325 335 375 384 402 411 429
35 220 229 238 247 256 291 300 309 318 327 366 374 392 400 417
40 216 224 233 241 250 284 293 301 310 318 355 364 380 388 404
42 213 222 231 239 248 281 289 298 306 314 351 359 375 383 399
44 211 220 228 237 245 278 286 294 302 310 346 354 369 377 392
46 209 218 226 234 242 275 283 291 298 306 341 349 364 371 386
48 207 215 223 231 239 271 279 287 294 302 336 343 358 365 379
50 205 213 221 229 237 267 275 283 290 298 330 337 351 358 372
52 203 210 218 226 234 264 271 278 286 293 324 331 344 351 364
54 200 208 215 223 230 260 267 274 281 288 318 325 337 344 356
56 198 205 213 220 227 256 263 269 276 283 312 318 330 336 347
58 195 202 210 217 224 252 258 265 271 278 305 311 322 328 339
60 193 200 207 214 221 247 254 260 266 272 298 304 314 320 330
62 190 197 204 210 217 243 249 255 261 266 291 296 306 311 320
64 187 194 200 207 213 238 244 249 255 261 284 289 298 302 311
66 184 191 197 203 210 233 239 244 249 255 276 281 289 294 301
68 181 188 194 200 206 228 233 239 244 249 269 273 281 285 292
70 178 185 190 196 202 223 228 233 238 242 261 265 272 276 282
72 175 181 187 193 198 218 223 227 232 236 254 257 264 267 273
74 172 178 183 189 194 213 217 222 226 230 246 249 255 258 264
76 169 175 180 185 190 208 212 216 220 223 238 241 247 250 255
78 166 171 176 181 186 203 206 210 214 217 231 234 239 241 246
80 163 168 172 177 181 197 201 204 208 211 224 226 231 233 237
82 160 164 169 173 177 192 196 199 202 205 217 219 223 225 229
84 156 161 165 169 173 187 190 193 196 199 210 212 216 218 221
86 153 157 161 165 169 182 185 188 190 193 203 205 208 210 213
88 150 154 158 161 165 177 180 182 185 187 196 198 201 203 206
90 146 150 154 157 161 172 175 177 179 181 190 192 195 196 199
92 143 147 150 153 156 167 170 172 174 176 184 185 188 189 192
94 140 143 147 150 152 162 165 167 169 171 178 179 182 183 185
96 137 140 143 146 148 158 160 162 164 165 172 173 176 177 179
98 134 137 139 142 145 153 155 157 159 160 167 168 170 171 173
100 130 133 136 138 141 149 151 152 154 155 161 162 164 165 167
102 127 130 132 135 137 145 146 148 149 151 156 157 159 160 162
104 124 127 129 131 133 141 142 144 145 146 151 152 154 155 156
106 121 124 126 128 130 137 138 139 141 142 147 148 149 150 151
108 118 121 123 125 126 133 134 135 137 138 142 143 144 145 147




Extracts from BS 5950: Part 1 1231
Table 24. Compressive strength p, (N/mm?) (continued)
(4) Values of p. (N/mm?) with A > 110 for strut curve b

Steel grade and design strength p, (N/mm?)
S 275 S 355 S 460

A 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
110 115 118 120 121 123 129 130 131 133 134 138 139 140 141 142
112 113 115 117 118 120 125 127 128 129 130 134 134 136 136 138
14 110 112 114 115 117 122 123 124 125 126 130 130 132 132 133
116 107 109 111 112 114 119 120 121 122 122 126 126 128 128 129
118 105 106 108 109 111 115 116 117 118 119 122 123 124 124 125
120 102 104 105 107 108 112 113 114 115 116 119 119 120 121 122
122 100 101 103 104 105 109 110 111 112 112 115 116 117 117 118
124 97 99 100 101 102 106 107 108 109 109 112 112 113 114 115
126 95 96 98 99 100 103 104 105 106 106 109 109 110 111 111
128 93 94 95 96 97 101 101 102 103 103 106 106 107 107 108
130 90 92 93 94 95 98 99 99 100 101 103 103 104 105 105
135 8 86 87 8 89 92 93 93 94 94 9% 97 97 98 98
140 80 81 82 83 84 86 87 8 8 8 90 90 91 9 92
145 76 77 78 78 79 81 82 82 83 83 84 8 8 8 86
150 72 72 73 74 74 76 77 77 78 78 79 80 80 80 81
155 68 69 69 70 70 72 72 73 73 73 75 75 75 76 76
160 64 65 65 66 66 68 68 69 69 69 70 71 71 71 72
165 61 62 62 62 63 64 65 65 65 65 66 67 67 67 68
170 58 58 59 59 60 61 61 61 62 62 63 63 63 64 64
1750 55 55 56 56 57 58 58 58 59 59 60 60 60 60 60
180 52 53 53 53 54 55 55 55 56 56 56 57 57 57 57
185 50 50 51 51 51 52 52 53 53 53 54 54 54 54 54
190 48 48 48 48 49 50 50 50 50 50 51 51 51 51 52
195 45 46 46 46 46 47 47 48 48 48 49 49 49 49 49
200 43 44 44 44 44 45 45 45 46 46 46 46 47 47 47
210 40 40 40 40 41 41 41 41 42 42 42 42 42 43 43
220 36 37 37 37 37 38 38 3B 38 38 39 39 39 39 39
230 34 34 34 34 34 3 3B 35 35 35 35 36 36 36 36
240 31 31 3 38 32 32 32 32 3 32 33 33 33 3 33
250 29 29 29 29 29 30 30 30 30 30 30 30 30 30 30
260 27 27 27 27 27 27 28 28 28 28 28 28 28 28 28
270 25 25 25 25 25 26 26 26 26 26 26 26 26 26 26
280 23 23 23 23 24 24 24 24 24 24 24 24 24 24 24
290 22 22 22 22 22 22 22 22 22 22 23 23 23 23 23
300 20 20 21 21 21 21 21 21 21 21 21 21 21 21 21
310 19 19 19 19 19 20 20 20 20 20 20 20 20 20 20
320 18 18 18 18 18 18 18 19 19 19 19 19 19 19 19
330 17 17 17 17 17 17 17 17 17 18 18 18 18 18 18
340 16 16 16 16 16 16 16 16 17 17 17 17 17 17 17
350 15 i5 15 15 15 16 16 16 16 16 16 16 16 16 16
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Table 24. Compressive strength p, (N/'mm?) (continued)

(5) Values of p, (N/mm?) with A < 110 for strut curve ¢

Steel grade and design strength p, (N/mm?)

S 275 S 355 S 460
A 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
15 235 245 255 265 275 315 325 335 345 355 398 408 427 436 455
20 233 242 252 261 271 308 317 326 336 345 387 396 414 424 442
25 226 235 245 254 263 299 308 317 326 335 375 384 402 410 428
30 220 228 237 246 255 289 298 307 315 324 363 371 388 396 413
35 213 221 230 238 247 280 288 296 305 313 349 357 374 382 397
40 206 214 222 230 238 270 278 285 293 301 335 343 358 365 380
42 203 211 219 227 235 266 273 281 288 296 329 337 351 358 373
44 200 208 216 224 231 261 269 276 284 291 323 330 344 351 365
46 197 205 213 220 228 257 264 271 279 286 317 324 337 344 357
48 195 202 209 217 224 253 260 267 274 280 311 317 330 337 349
50 192 199 206 213 220 248 255 262 268 275 304 310 323 329 341
52 189 196 203 210 217 244 250 257 263 270 297 303 315 321 333
54 186 193 199 206 213 239 245 252 258 264 291 296 308 313 324
56 183 189 196 202 209 234 240 246 252 258 284 289 300 305 315
58 179 186 192 199 205 229 235 241 247 252 277 282 292 297 306
60 176 183 189 195 201 225 230 236 241 247 270 274 284 289 298
62 173 179 185 191 197 220 225 230 236 241 262 267 276 280 289
64 170 176 182 188 193 215 220 225 230 235 255 260 268 272 280
66 167 173 178 184 189 210 215 220 224 229 248 252 260 264 271
68 164 169 175 180 185 205 210 214 219 223 241 245 252 256 262
70 161 166 171 176 181 200 204 209 213 217 234 238 244 248 254
72 157 163 168 172 177 195 199 203 207 211 227 231 237 240 246
74 154 159 164 169 173 190 194 198 202 205 220 223 229 232 238
76 151 156 160 165 169 185 189 193 196 200 214 217 222 225 230
78 148 152 157 161 165 180 184 187 191 194 207 210 215 217 222
80 145 149 153 157 161 176 179 182 185 188 201 203 208 210 215
82 142 146 150 154 157 171 174 177 180 183 195 197 201 203 207
84 139 142 146 150 154 167 169 172 175 178 189 191 195 197 201
86 135 139 143 146 150 162 165 168 170 173 183 185 189 190 194
88 132 136 139 143 146 158 160 163 165 168 177 179 183 184 187
90 129 133 136 139 142 153 156 158 161 163 172 173 177 178 181
92 126 130 133 136 139 149 152 154 156 158 166 168 171 173 175
94 124 127 130 133 135 145 147 149 151 153 161 163 166 167 170
96 121 124 127 129 132 141 143 145 147 149 156 158 160 162 164
98 118 121 123 126 129 137 139 141 143 145 151 153 155 157 159
100 115 118 120 123 125 134 135 137 139 140 147 148 151 152 154
102 113 115 118 120 122 130 132 133 135 136 143 144 146 147 149
104 110 112 115 117 119 126 128 130 131 133 138 139 142 142 144
106 107 110 112 114 116 123 125 126 127 129 134 135 137 138 140
108 105 107 109 111 113 120 121 123 124 125 130 131 133 134 136




Extracts from BS 5950: Part 1 1233
Table 24. Compressive strength p, (N/mm?) (continued)
(8) Values of p. (N/mm?) with A > 110 for strut curve ¢

Steel grade and design strength p, (N/mm?)
S 275 S 355 S 460

A 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
110 102 104 106 108 110 116 118 119 120 122 126 127 129 130 132
112 100 102 104 106 107 113 115 116 117 118 123 124 125 126 128
114 98 100 101 103 105 110 112 113 114 115 119 120 122 123 124
116 95 97 99 101 102 108 109 110 111 112 116 117 118 119 120
118 93 95 97 98 100 105 106 107 108 109 113 114 115 116 117
120 91 93 94 96 97 102 103 104 105 106 110 110 112 112 113
122 89 90 92 93 95 99 100 101 102 103 107 107 109 109 110
124 87 88 90 91 92 97 98 99 100 100 104 104 106 106 107
126 8 86 88 89 90 94 95 96 97 98 101 102 103 103 104
128 83 84 86 87 88 92 93 94 95 95 98 99 100 100 101
130 81 82 84 85 86 90 91 91 92 93 96 96 97 98 99
135 77 78 79 8 81 84 8 8 8 8 90 90 91 92 92
140 72 74 75 76 76 79 8 81 81 82 84 8 8 86 87
145 69 70 71 71 72 75 76 76 77 77 79 80 80 81 81
150 65 66 67 68 68 71 71 72 72 73 75 75 76 76 76
155 62 63 63 64 65 67 67 68 68 69 70 71 71 72 72
160 59 59 60 61 61 63 64 64 65 65 66 67 67 67 68
165 56 56 57 58 58 60 60 61 61 61 63 63 64 64 64
170 53 54 54 55 55 57 57 58 58 58 60 60 60 60 @61
175 51 51 52 52 53 54 54 55 55 55 56 57 57 57 58
180 48 49 49 50 50 51 52 52 52 53 54 54 54 54 55
185 46 46 47 47 48 49 49 50 50 50 51 51 52 52 52
190 44 44 45 45 45 47 47 47 47 48 49 49 49 49 49
195 42 42 43 43 43 45 45 45 45 45 46 46 47 47 47
200 40 41 41 41 42 43 43 43 43 43 44 44 45 45 45
210 37 37 38 38 38 39 39 39 40 40 40 40 41 A 41
220 34 34 3 3B 35 36 36 3IbB 36 36 337 37 37 37 38
230 31 32 32 32 32 33 33 33 33 34 34 34 34 34 35
240 29 29 3 30 3 3O 331 31 3 31 3 31 32 32 32
250 27 27 27 28 28 28 28 28 29 29 29 29 29 29 29
260 25 25 26 26 26 26 26 26 27 27 27 27 27 27 27
270 23 24 24 24 24 24 25 25 25 25 25 25 25 25 25
280 22 22 22 22 22 23 23 23 23 23 23 24 24 24 24
290 21 21 21 219 21 21 29 22 22 22 22 22 22 22 22
300 19 19 20 20 20 20 20 20 20 20 21 21 21 21 21
310 18 18 18 19 19 19 19 19 19 19 19 19 19 19 20
320 17 17 17 17 18 18 18 18 18 18 18 18 18 18 18
330 16 16 16 16 17 17 17 17 17 A7 17 A7 A7 17 17
340 15 15 15 16 16 16 16 16 16 16 16 16 16 16 16
350 15 i5 15 15 15 15 15 15 15 15 15 15 15 15 15




1234 Extracts from BS 5950: Part 1

Table 24. Compressive strength p, (N/'mm?) (continued)

(7) Values of p, (N/mm?) with A < 110 for strut curve d

Steel grade and design strength p, (N/mm?)

S 275 S 355 S 460
A 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
15 235 245 255 265 275 315 325 335 345 355 397 407 425 435 453
20 232 241 250 259 269 305 314 323 332 341 381 390 408 417 434
25 223 231 240 249 257 292 301 309 318 326 365 373 390 398 415
30 213 222 230 238 247 279 287 296 304 312 348 356 372 380 396
35 204 212 220 228 236 267 274 282 290 297 331 339 353 361 375
40 195 203 210 218 225 254 261 268 275 283 314 321 334 341 355
42 192 199 206 214 221 249 256 263 270 277 307 314 327 333 346
44 188 195 202 209 216 244 251 257 264 271 300 306 319 325 337
46 185 192 199 205 212 239 245 252 258 265 293 299 311 317 329
48 181 188 195 201 208 234 240 246 252 259 286 291 303 309 320
50 178 184 191 197 204 228 235 241 247 253 278 284 295 301 311
52 174 181 187 193 199 223 229 235 241 246 271 277 287 292 303
54 171 177 183 189 195 218 224 229 235 240 264 269 279 284 294
56 167 173 179 185 191 213 219 224 229 234 257 262 271 276 285
58 164 170 175 181 187 208 213 218 224 229 250 255 264 268 277
60 161 166 172 177 182 203 208 213 218 223 243 247 256 260 268
62 157 163 168 173 178 198 203 208 212 217 236 240 248 252 260
64 154 159 164 169 174 193 198 202 207 211 229 233 241 245 252
66 150 156 160 165 170 188 193 197 201 205 223 226 234 237 244
68 147 152 157 162 166 184 188 192 196 200 216 220 226 230 236
70 144 149 153 158 162 179 183 187 190 194 210 213 219 222 228
72 141 145 150 154 158 174 178 182 185 189 203 207 213 215 221
74 138 142 146 150 154 170 173 177 180 183 197 200 206 209 214
76 135 139 143 147 151 165 169 172 175 178 191 194 199 202 207
78 132 136 139 143 147 161 164 167 170 173 186 188 193 195 200
80 129 132 136 140 143 156 160 163 165 168 180 182 187 189 194
82 126 129 133 136 140 152 155 158 161 163 175 177 181 183 187
84 123 126 130 133 136 148 151 154 156 159 169 171 176 177 181
86 120 123 127 130 133 144 147 149 152 154 164 166 170 172 175
88 117 120 123 127 129 140 143 145 148 150 159 161 165 167 170
90 114 118 121 123 126 137 139 141 144 146 154 156 160 161 164
92 112 115 118 120 123 133 135 137 139 142 150 152 155 156 159
94 109 112 115 117 120 129 132 134 136 138 145 147 150 152 154
96 107 109 112 115 117 126 128 130 132 134 141 143 146 147 150
98 104 107 109 112 114 123 125 126 128 130 137 138 141 143 145
100 102 104 107 109 111 119 121 123 125 126 133 134 137 138 141
102 99 102 104 106 108 116 118 120 121 123 129 131 133 134 136
104 97 99 102 104 106 113 115 116 118 120 126 127 129 130 132
106 95 97 99 101 103 110 112 113 115 116 122 123 125 126 128
108 93 95 97 99 101 107 109 110 112 113 119 120 122 123 125




Extracts from BS 5950: Part 1 1235
Table 24. Compressive strength p, (N/mm?) (continued)
(8) Values of p. (N/mm?) with A > 110 for strut curve d

Steel grade and design strength p, (N/mm?)
S 275 S 355 S 460

A 235 245 255 265 275 315 325 335 345 355 400 410 430 440 460
10 91 93 95 96 98 105 106 108 109 110 115 116 118 119 121
112 88 90 92 94 96 102 103 105 106 107 112 113 115 116 118
114 86 88 90 92 94 99 101 102 103 104 109 110 112 113 114
116 8 86 88 90 91 97 98 99 101 102 106 107 109 110 111
118 83 84 86 8 89 9 96 97 98 99 103 104 106 107 108
120 81 82 84 8 87 92 93 94 95 96 101 101 103 104 105
122 79 81 82 84 8 90 91 92 93 94 98 99 100 101 102
124 77 79 80 82 83 88 89 90 91 92 95 96 98 98 99
126 76 77 78 80 81 8 8 88 89 8 93 94 95 96 97
128 74 75 77 78 79 84 8 8 8 8 91 91 93 93 94
130 72 74 75 76 77 8 83 83 84 8 8 8 90 9 92
13 68 70 71 72 73 77 78 79 79 80 83 84 8 8 86
140 65 66 67 68 69 73 73 74 75 75 78 79 80 80 81
145 62 63 64 65 65 69 69 70 71 71 74 74 75 75 76
150 59 60 60 61 62 65 66 66 67 67 69 70 71 71 72
155 56 57 57 58 59 62 62 63 63 64 66 66 67 67 68
160 53 54 55 55 56 58 59 59 60 60 62 62 63 63 64
165 50 51 52 53 53 55 56 56 57 57 59 59 60 60 61
170 48 49 49 50 51 53 53 54 54 54 56 56 57 57 57
175 46 47 47 48 48 50 51 51 51 52 53 53 54 54 55
180 44 45 45 46 46 48 48 49 49 49 50 51 51 51 52
185 42 43 43 44 44 46 46 46 47 47 48 48 49 49 49
190 40 41 41 42 42 44 44 44 44 45 46 46 46 47 47
195 38 39 39 40 40 42 42 42 42 43 44 44 44 45 45
200 37 37 38 38 39 40 40 40 41 41 42 42 42 43 43
210 34 34 3 3 3 3 37 3J7 37 37 38 38 39 39 39
220 31 32 32 32 33 34 34 34 34 34 3 35 36 36 36
230 29 29 3 30 30 31 31 31 3 32 32 33 33 33 33
240 27 27 28 28 28 29 29 29 29 29 30 30 30 30 3t
250 25 25 26 26 26 27 27 27 27 27 28 28 28 28 28
260 24 24 24 24 24 25 25 25 25 25 26 26 26 26 26
270 22 22 22 23 23 23 23 23 24 24 24 24 24 24 25
280 21 21 21 21 21 22 22 22 22 22 23 23 23 23 23
290 19 20 20 20 20 20 21 21 219 219 21 21 21 21 21
300 18 18 19 19 19 19 19 19 19 20 20 20 20 20 20
310 17 i7 17 18 18 18 18 18 18 18 19 19 19 19 19
320 16 16 16 17 17 17 17 17 17 17 18 18 18 18 18
33 15 i5 16 16 16 16 16 16 16 16 17 17 17 17 17
340 15 15 15 15 15 15 15 15 15 15 16 16 16 16 16
350 14 14 14 14 14 14 14 15 15 15 15 15 15 15 15




1236 Bolt data

Bolt data

Hole sizes — for ordinary bolts and friction grip connections

Nominal Clearance Oversize Short slotted Long slotted
diameter hole hole holes?® holes?®
(mm) diameter” diameter? (mm) (mm)
(mm) (mm)
Narrow Slot Narrow Maximum

dimension dimension dimension dimension
M122 14 17 14 18 14 30
M16 18 21 18 22 18 40
M20 22 25 22 26 22 50
M22 24 27 24 28 24 55
M24 26 30 26 32 26 60
M27 30 35 30 37 30 67
M30 33 38 33 40 33 75

#Hardened washers to be used
“In cases where there are more than three plies in joint the holes in the inner plies should be one millimetre
larger than those in the outer plies

Bolt strengths

Bolt grade Steel grade
4.6 8.8 S275 S355 S460
Shear strength, p, (N/mm?) 160 375
Bearing strength, py, (N/mm?) 460 10007 460 550 670
Tension strength, p, (N/mm?) 240 560

“The bearing value of the connected part is critical
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Spacing, end and edge distances — minimum values (see Fig. 23.1)

Nominal Diameter of Minimum Edge distance to Edge distance
diameter of clearance spacing rolled, sawn, planed, to sheared
fastener hole (mm) or machine flame edge or hand
(mm) (mm) cut edge flame cut edge
(mm) and end distance
(mm)

M12 14 30 18 20

M16 18 40 23 26

M20 22 50 28 31

M222 24 55 30 34

M24 26 60 33 37

M274 30 68 38 42

M30 33 75 42 47

2Non-preferred size

Maximum centres of fasteners

Thickness Spacing in the Spacing in any direction
of element direction of stress in corrosive environments
(mm) (mm) (mm)
5 70 80
6 84 96
7 98 112
8 112 128
9 126 144
10 140 160
1 154 176
12 168 192
13 182 200
14 196 200

15 210 200
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Maximum edge distances (1)

BS 4360 Thickness p, (N/mm2) 275 11te?
grade less than or €= (_
equal to (mm) v
S275 16 275 1.0 11t
40 265 1.02 11.21¢
63 255 1.04 11.44t
80 245 1.06 11.65¢
100 235 1.08 11.90t
S355 16 355 0.88 9.68t
40 345 0.89 9.79t
63 335 0.91 10.0t
80 325 0.92 10.12t
100 315 0.93 10.28¢
S460 16 460 0.77 8.47t
40 440 0.79 8.69t
63 430 0.80 8.80t
80 410 0.82 9.02t
100 400 0.83 9.13t

“This rule does not apply to fasteners interconnecting the components of back-to-back tension members

This table is expanded in the next table (Maximum edge distances (2))
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Maximum edge distances (2)

Thickness Corrosive Steel grade Steel grade Steel grade
of element t environment S275 S355 S460
(mm) 40mm + 4t e=11te e=11te e=11te
(mm) (mm) (mm) (mm)
5 607 557 487 427
6 647 66 58 512
7 687 77 677 59
8 727 88 77 687
9 76 99 87 76
10 80 110 96 85
1 84 121 106 93
12 88 132 116 102
13 92 143 125 110
14 96 154 135 119
15 100 165 145 127
16 104 176 154 136
20 120 224 196 174
25 140 280 245 217
30 160 336 294 261
35 180 392 343 304
40 200 448 392 347
45 220 515 445 396
50 240 572 501 440
55 260 629 551 484
60 280 686 601 528
65 300 757 657 586
70 320 816 708 631
75 340 874 759 677

“Use the lesser values for the appropriate grade of steel
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Back marks in channel flanges

RSC Nominal flange Back Edge Recommended
width mark dist. diameter
(mm) (mm) (mm) (mm)
102 55 47 24
89 55 34 20
76 45 31 20
64 35 29 16
51 30 21 10
38 22 - -
Back marks in angles
Nominal S, S, S; S, Ss S Nominal S,
leg (mm) (mm) (mm) (mm) (mm) (mm) leg (mm)
(mm) (mm)
250 —5 75 45 (20)
200 r_ 75(30) 75(30) 55(20) 55(20) 55(20) 70 40 (20)
150 — 55 (20) 55 (20) 65 35 (20)
125 45 (20) 50 (20) 60 35 (16)
120 45 (16) 50 (16) 50 28 (12)
100 55 (24) S, 45 25
90 50 (24) ]'_ o 40 23
80 45 (20) =] s 30 20
352 S 25 15
REY 5

Maximum recommended bolt sizes are given in brackets

This table is reproduced from BCSA Publication No. 5/79, Metric Practice for Structural Steelworks, 3rd edn,

1979.
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Cross centres through flanges

Flange Minimum Maximum S, S, S; S,
width for for (mm) (mm) (mm) (mm)
(mm) accessibility edge dist.
(mm) (mm)
Joists
44 27 (5) 30 30
64 38 (10) 39 40
76 48 (10) 51 48
89 54 (12) 59 56
102 60 (16) 62 60
114 66 (16) 74 70
127 72 (20) 77 75
152 75 (20) 102 90
203 91 (24) 143 140
UCs
152 65 (24) 92 90
203 75 (24) 143 140
254 87 (24) 194 140
305 100 (24) 245 140 120 (24) 60 (24) 240 (24)
368 88 (24) 308 140 140 (24) 75 (24) 290 (24)
406 120 (24) 346 140 140 (24) 75 (24) 290 (24)
UBs
102 50 (16) 62 54
127 62 (20) 77 70
133 57 (20) 83 70
140 69 (24) 80 70
146 64 (24) 86 70
152 73 (24) 92 90
165 67 (24) 105 90
171 72 (24) 111 90
178 72 (24) 118 90
191 74 (24) 131 90
210 80 (24) 150 140
229 80 (24) 169 140
254 87 (24) 194 140
267 91 (24) 207 140 90 (20) 50 (20) 190 (20)
292 94 (24) 232 140 100 (24) 60 (24) 220 (24)
305 100 (24) 245 140 120 (24) 60 (24) 240 (24)
419 112 (24) 359 140 140 (24) 75 (24) 290 (24)
Y Maximum bolt diameters for dimensions shown are given in brackets
—




1242 Bolt data

BS £950-1: 2000 BOLT CAPACITIES
BS 4190: 2001

NON-PRELOADED ORDINARY BOLTS

GRADE 4.6 BOLTS IN 5275

Diameter | Tensile Tension Shear Bearing Gapacity in kN (Minimum of Py, and Py}

of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area |Nominal[ Exact | Single | Double

0.8Ap, A, Shear | Shear Thickness in mm of ply passed through.

Ay Prom P, P, 2P

mm mm’ kN KN KN ki 5 6 7 8 9 [ 10 [ 12| 15 [ 20| 25 [ 30
12 843 16.2 20.2 135 27.0 | 27.6 | 337 | 386 | 44.2 | 49.7 | 552 | 66.2 | 82.8 | 110 | 138 | 166
16 157 3041 377 251 502 | 368 | 442 | 51.5 | 589 | 66.2 | 73.6 | 883 | 110 | 147 | 184 | 221
20 245 47.0 588 39.2 784 | 460 | 55.2 | 644 | 738 | 82.8 | 920 | 110 | 138 | 184 | 230 | 276
22 303 58.2 727 485 97.0 506 | 60.7 | 70.8 | 81.0 | 911 107 iz21 752 | 202 | 253 | 304
24 353 67.8 84.7 58.5 113 552 | 662 | 773 | 883 | ¢94 | 110 | 132 | 166 | 227 | 276 | 331
27 459 88.1 110 734 147 621 | 745 | 86.9 | 994 | 112 | 124 | 149 | 186 | 248 | 317 | 373
30 561 108 135 89.8 180 69.0 | 828 | 866 | 110 | 124 | 138 | 166 | 207 | 276 | 345 | 414

Values in beld are less than the single shear capacity of the bolt

Values in ifafic are greater than the double shear capacity of the bolt.

Bearing values assume standard clearance holes.

If oversize or short slotled holes are used, bearing values should be muitiplied by 0.7.

If long slotted or kidney shaped holes are used, bearing values should be mulliplied by 0.5.

if apprapriate, shear capacity must be reduced for large packings. farge grip tengths and long joints.

GRADE 8.8 BOLTS IN 8275

Diameter | Tensile Tension Shear Bearing Capacity in kN (Minimum of Py, and Py}
of Stress Capacity Capacity End distance equal to 2 x bolt diametar
Bolt Area | Mominal| Exact | Single | Double
0.8Ap, Apy Shear | Shear Thickness in mm of ply passed through
A Pum | & P, 2P,
mm mm?* kN ki kN KN 5 8 7 8 9 10§ 12 {15 1 20 | 25 [ 30
12 84.3 378 47.2 316 63.2 276 | 331 | 386442 | 497 | 552662828} 110 138 166
16 157 70.3 879 58.9 118 368 | 44.2 1 515 | 589 | 662 | 73.6 | 883 | 110 | 147 | 184 | 227
20 245 110 137 91.9 184 46.0 | 55.2 | 644 | 73.6 | 828 | 920 110 138 184 | 230 | 276
22 303 138 170 114 227 50.6 | 60.7 | 70.8 | 81.0 | 911 101 121 152 | 202 | 2583 | 304
24 353 158 198 132 265 552 | 66.2 | 77.3 | 883 | 994 | 110 132 166 | 221 276 [ 321
27 459 208 257 172 344 621 | 745 | 869 | 994 | 112 124 149 186 | 248 311 373
kY 561 251 314 210 421 69.0 | 828 | 96.6 | 110 124 138 166 207 | 276 | 345 | 414

Values in bold are less than the single shear capacity of the bolt.

Values in italic are greater than the double shear capacity of the bolt.

Bearing values assume standard clearance hales.

It oversize or short slotted holes are used, hearing values should be multiplied by 0.7.

If long slotted or kidney shaped holes are used. bearing values should be multiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and lang joints.



Bolt data 1243
BS 5850-1: 2000 BOLT CAPACITIES
BS 419G: 2001
NGN-PRELOADED ORDINARY BOLTS
GRADE 10.¢ BOLTS IN S§275
Diameter| Tensile Tension Shear Bearing Capacity in kN {Minimum of Py, and Py}
of Stress Capacity Capacity End distance equal to 2 x boit diameter.
Bolt Area |Nominal| Exact | Single | Double
0.8Am, Ay Shear | Shear Thickness in mm of ply passed through.
A, Prom P, P, 2P,
mm mm’ kN kN kN kN 5 <] 7 8 9 10 12 15 20 25 30
12 843 47.2 590 357 674 276 | 331 | 386 | 442 | 467 | 552 | 662 | 828 | 110 | 138 | 766
16 157 B87.8 110 62.8 128 368|442 | 515 | 589 | 6682 | 736 | B3 | 110 | 747 | 184 | 227
20 245 137 172 93.0 198 46.0 | 552 | 64.4 | 73.6 | 828 ) 920 | 110 | 138 | 184 | 230 | 276
22 303 170 212 121 242 50.6 | 6.7 | 70.8 | 81.0 | 811 | 11 121 152 | 202 | 253 | 304
24 353 198 247 141 282 §52 | 66.2 | 77.3 | 88.3 | 99.4 | 110 | 132 | 166 | 221 276 | 331
27 459 257 321 184 367 621 | 745 869 | 99.4 | 112 | 124 | 149 | 186 | 248 | 311 | 373
30 561 314 383 224 449 £9.0 | 828 | 966 | 110 | 124 | 138 | 166 | 207 | 276 | 345 | 414

Valugs in bold are less than the single shear capacity of the bolt.
Values in jfalic are greater than the double shear capacity of the boft.

Bearing values assume standard clearance holes.

If oversize or short slotted holes are Used, baaring values should be multiplied by 0.7,
If long slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5
If appropriate, shear capacity must be reduced for large packings, large grip lengths and {ong joints



1244

Bolt data

BS 5950-1: 2000
BS 4190; 2001
BS 4833: 1973

BOLT CAPACITIES

NON-PRELOADED COUNTERSUNK BOLTS

GRADE 4.6 COUNTERSUNK BOLTS IN 3275

Diameter | Tensile Tension Shear Bearing Capacity in kN {(Minimum of Py, and Py.}
of Stress Capacity Capacity End distance equal to 2 x bolt diameter
Bolt Area |[Nominal| Exzct | Single | Doubie
0.8A, Ay Shear | Shear Thickness in mm of ply passed through
A Poom Py Py 2Py
mm mm? kN kN kN kN 5 8 7 8 9 10 12 15 20 25 30
12 843 18.2 202 135 27.0 1.0 ) 188 | 221 | 27.6 | 337 | 386 | 49.7 | 662 | 938 | 127 149
16 157 301 377 251 50.2 7361147 | 221 | 254 | 368 | 44.2 | 589 | 810 | 718 | 155 | 199
20 245 47.0 58.8 392 78.4 0 9.20 | 184 | 276 | 36.8 | 46.0 | 644 | 2.0 | 738 | 184 | 230
22 203 58.2 727 485 97.0 0 5.06 | 16.2 | 253 | 354 | 455 | 658 | 961 | 747 | 197 | 248
24 353 67.8 84.7 56.5 13 0 0 11.0 | 221 | 331 | 44.2 | 662 | 894 | 755 | 210 | 265
27 459 88.1 110 734 147 0 0 3141 | 165 | 279 | 404 | 652 | 02 | 765 | 227 | 289
30 561 108 135 89.8 180 0 0 0 6.90 | 20.7 | 345 ] 621 | 104 | 173 | 242 | 377
Values in bold are less than the single shear capacity of the bolt.
Values in itafic are greater than the double shear capacity of the bolt.
Bearing values assume standard clearance holes.
If oversize or short slotted holes are used, bearing values should be multiplied by 0.7,
If long slotted or kidney shaped holes are used. bearing vaiues shauld be multiplied by 0.5
Depth of countersink is taken as half the bolt diameter.
GRADE 8.8 COUNTERSUNK BOLTS IN S 275
Diameter| Tensile Tension Shear Bearing Capacity in kN {Minimum of P, and Py}
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area |Nominalf Exact | Single | Double
0.8Ap Ap, Shear | Shear Thickness in mm of piy passed through.
Ay Pram Py Py 2P,
mm mm? kN kN kN KN 5 6 7 8 9 [ 1o [ 12§ 15[ 20| 25 [ 30
12 84.3 37.8 47.2 s 532 1.0 | 166 | 221 | 27.6 | 331 | 386 | 487 | 66.2 | 93.8 | 127 149
16 157 70.3 87.9 58.9 118 736 | 147 | 221 | 264 | 368 | 44.2 | 589 | 81.0 | 778 [ 755 | 19
20 245 110 137 918 184 0 9.20 | 184 | 276 { 36.8 | 46.0 | 64.4 § 920 | 138 | 784 | 230
22 303 136 170 114 227 0 506 | 152 | 25.3 | 354 | 455 | 65.8 { 96.1 | 147 197 | 248
24 353 158 188 132 285 0 0 11.0 | 221 | 331 | 44.2 | §6.2 ] 994 | 155 | 210 | 265
27 459 206 257 172 344 0 0 341 | 165 | 279 | 404 | 652 ] 102 | 165 | 227 | 289
30 561 251 314 210 421 0 0 0 6.80 | 20.7 | 4.5 | 621 | 104 | 173 { 242 | 311

Values in bold are less than the single shear capacity of the bolt

Values in ifafic are greater than the double shear capacity of the bolt

Bearing values assume standard clearance holes.
If oversize or short slotted holes are used, bearing values should be multiplied by 0.7

If long slotted or kidney shaped holes are used. hearing values should be multiplied by 0.5,
Depth of countersink is taken as haif the bolt diameter




Bolt data 1245
BS 5950-1: 2000 BOLT CAPACITIES
BS 4190: 2001
BS 4933: 1673 NON-PRELOADED COUNTERSUNK BOLTS
GRADE 10.9 COUNTERSUNK BOLTS IN 5 275
Diameter | Tensile Tension Shear Bearing Capacity in kN (Minimium of Pgg and Pg,)
of Stress Capacity Capacity End distance equai to 2 x bolt diameter.
Bolt Arga | Nominalf Exact | Single | Double
0.8Ap, Ap, Shear | Shear Thickness in mm of ply passed through.
A, Prom P, P, 2P,
mm mm? kN kN kN kN 5 3] 7 8 9 10 12 15 20 25 30
12 843 47.2 58.0 33.7 67.4 110 | 166 | 221 | 27.6 | 331 | 386 | 487 | 662 | 938 | 127 149
16 187 879 110 62.8 126 736 | 147 | 221 | 294 | 368 { 44.2 | 689 | §10 | 118 | 155 191
20 245 137 172 98.0 196 1} 920 | 184 | 27.6 | 368 | 46.0 | 64.4 | 52.0 | 138 184 | 230
22 303 170 212 121 242 D 506 | 152 | 253 | 354 | 45.5 | 65.8 | 96.1 147 197 | 248
24 353 198 247 141 282 D D 11.0 | 221 | 331§ 44.2 | 86.2 | 99.4 | 155 | 210 | 265
27 458 257 321 184 367 o D 341 | 155 | 27.9 | 40.4 | 86.2 | 102 | 165 | 227 | 289
30 561 314 383 224 449 o D 0 6.90 | 20.7 | 34.5 | 621 104 | 173 | 242 | 311

Walues in bold are less than the single shear capacity of the bolt,

Values in falic are greater than the double shear capacity of the bolt.
Bearing values assume standard clearance holes.

If oversize or short slotted holes are used, bearing values should be multiplieg by 0.7.
If long slotied or kidney shaped holes are used, bearing values should be muttiplied by 0.5.

Depth of countersink is taken as half the bolt diameter.



1246 Bolt data

BS 5950-1: 2000 BOLT CAPACITIES
BS 4395: 1969

NON-PRELOADED HSFG BOLTS

GENERAL GRADE H3FG BOLTS IN 8275

Diameter | Tensile Tension Shear Bearing Capacity in kN (Minimum of Py and Py}
of Stress Capacity Capachy End distance egual to 2 x bolt dismeter,
Bolt Area |Nominal| Exact | Single | Double
0.BAp, Ap, Shear | Shear Thickness in mm of ply passed through
Ay P = P, 2P
mm mm? kN kN kN kN 5 6 7 g 9 10 12 15 20 25 30
12 843 39.8 49.7 337 67.4 276 | 331 | 386 | 442 | 497 | 552 | B6.2 | 828 | 110 | 138 | 1066
16 157 741 926 62.8 126 36.8 | 44.2 | 515 | 589 | 66.2 § 73.6 | 883 110 | 147 | 184 | 227
20 245 116 145 98.0 196 46.0 | 55.2 | 64.4 | 73.6 | 828 f 92,0 | 110 | 133 | 184 | 230 | 276
22 303 143 179 121 242 506 | 60.7 | 70.8 | 81.0 | 911 | 101 121 182 | 202 | 253 | 304
24 353 187 208 141 282 552 | 66.2 | 77.3 | 88.3 | 994 | 110 | 132 168 | 221 276 [ 33t
27 459 189 236 161 321 621 | 745 | 86.9 | 99.4 | 112 | 124 | 149 186 | 248 | 311 | 373
30 561 231 259 196 383 68.0 | 82.8 | 96.6 | 110 124 | 138 166 207 276 | 345 | 474
Vzlues in beld are less than the single shear capacity of the bolt.
Values in italic are greater than the double shear capacity of the bolt.
Bearing values assume standard clearance holes.
If aversize or short slotted holes are used, bearing values should be mutktiplied by 0.7
If long stotted or kidney shaped holes are used, bearing values should be multiplied by 0.5
\F appropriate, shear capacity must be reduced for large packings, large grip lengths and long joints.
HIGHER GRADE HSFG BOLTS IN 8 275
Diameter | Tensile Tension Shear Bearing Capacity in kN {Minimum of Py, and Py}
of Stress Capacity Capacity End distance equal to 2 x bolt diameter,
Bolt Area |Nominal| Exact | Single | Double
0.8Ap Ap Shear | Shear Thickness in mm of ply passed through.
A, Prom P, P, 2P,
mm mm’ KN kN kN kN 5 & 7 8 g | 10 | 12| 15 ] 20| 25 | 30
18 157 879 110 62.8 126 36.8 | 44.2{ 51.5 | 589 | 66.2 | 736 | 883 | 110 | 747 | 184 | 221
20 245 137 172 88.0 146 46.0 | 55.2 | 64.4 | 73.6 | 82.8 | 92.0 | 110 | 138 | 154 | 230 | 276
22 303 170 212 121 242 506 | 607 [ 70.8 ] 81.0 [ 911 | 101 121 152 | 202 | 253 | 304
24 353 188 247 141 282 552 | 66.2 | 77.3 | 88.53 | 9904 | 110 132 | 186 | 221 276 | 331
27 459 257 321 184 367 621 | 745 | 86.9 | 994 | 112 | 124 | 149 186 | 248 | 311 | 373
30 561 314 303 224 449 69.0 | 82.8 | 96.6 | 110 | 124 | 138 | 166 | 207 § 276 | 345 | 414

Values in bold are less than the single shear capacity of the bolt

Values in ifafic are greater than the double shear capacity of the bolt.

Bearing values assume standard clearance holes.

If aversize or short slolted holes are used, bearing values should be muttiplied by 0.7.

If long sfotted or kidney shaped holes are used, bearing values should be multiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and fong joints




Bolt data 1247
BS £550-1: 2000 BOLT CAPACITIES
BS 4305 1060
B5 4504: 1970 PRELOADED HSFG BOLTS: NON-SLIP IN SERVICE
GENERAL GRADE HSFG BOLTS IMN 5275
Diamnalar] Ma Tsfiiash Shisdr S5p Redstancs| Baanng Capacity, Py, in kM
ol Shank Capaciy for = 05 End distance equal 1o 3 x bolt dameter
Boit | Tension Single | Doy Single | Doubls
Shaar | Shear | Shaar | Shear Thacknaus & mm of ply passed through
P, |1e,| Ap
mm L BN | kMW L0 kN L N ] ] 7 -] 1) 10 12 15 | 20 | % | W
12 494 |sa3 |47 | 237 |67e| 272 | s43 (414 4n7 | sao|es2|res|gra | ova| r2a | 16 | 207 | 248
16 21 10t | G626 | G626 | 126 | SOT 1on | sE2|eaa]| Tra| asa | 694 | 110 | r32 | 166 | 220 | 276 | 331
1] 144 198 | 145 | sE0 | 195 | ve2 | ts2 |eso | B2a| osE| 190 | 124 | 138 | vsE | DoF | 276 | 35 | 414
a2 i 185 | 1| 12 2 | eTa 194 | TEO ) | 108 | 121 | 137 | 152 | 182 | 235 | 304 | 380 | 455
k] 207 | 228 | 208 | 141 | ZE2 | 114 | 228 [eme| 9ma| 116 | 132 | 145 | 166 | 199 | da& | 237 | 404 | 497
aw T 257 | XM | 11 321  Fac] 267 |sa2| 12| 130 | 148 | 168 | 186 | 224 | 279 | 373 | 486 | B50
30 285 )35 | 289 | 195 | 292 | 157 | 315 [foa | 134 ]| 145 ) 166 | 185 | 207 | 248 ) 391 | 474 | 519 | 621
Wl in bold ane kess than the single shear capadty of the bolt
‘Walues in inkc are greater than the double shear capacity of the bolt
Shading indicates that the phy thickness & nol sutable Tor Bn cubsr ply
HIGHER GRADE HEFG BOLTS IN 5275
Diameter]  Min Tension Sksar Sl R aianes Beating Capaciy. Py, i BN
of Shaei Capsaly foru= 05 End dalanca edguil 02 3 x boll diameter.
Boit | Tension Single |Doublel Singie | Doutile)
Skdai | Shaat | Shears | Shear Thickied if e of ply passsd heough
P, 1R, ] Ap,
mm kN KW kM | eN | wN kM kN 5 [ 7 [ [] 1) 12| 18] 20| 28| %
16 104 14 | 110 | B2& | 128 | A7 114 | B2 | 662 TP | AN | S04 | 1i0 | 132 | 066 | 221 | 276 | 3N
] 162 178 | 172 | w80 | 106 | 800 | ve | oeo | 6zE| pes | 110 | 124 | w38 | 18 | 2oF | 2R4 | 245 | ard
P el X | 12| 1 | 242 | 110 20 | TEe| 914 ) 106 | 121 | 137 | 952 | 162 | 228 | 304 | 380 | 453
-2 ] 33 257 | 247 | 14t | 282 | 128 | 257 | 628 | 94| 136 | 132 | 140 | wes | eS| 248 | 337 | drd | 48T
Py irk] 333 | 321 | 184 | 367 167 a3 |93z | 112 | 130 | 140 | 168 | 185 | 224 | 270 | 373 | 466 | 5%
a 370 Jao7 | 393 | 24 | 4ap | 204 | 407 | 404 | 424 | 145 | 166 | 186 | 207 | 248 | 311 | 414 | S0F ) €21

Winlort 1 bald are leas than the sngle shear capacity of the boit
Valses in dakc aro groater than the double shear capacity of the boll
Shading indicates that ihe ply IRacknass is nol sudable b an outer Py



1248 Bolt data

BS 5950-1: 2000 BOLT CAPACITIES
BS 4385: 1969
BS 4604: 1970 PRELOADED HSFG BOLTS: NON-SLIP UNDER FACTORED LOADS

GENERAL GRADE HSFG BOLTS IN 5275

Diameter Mir1. Beolt Slip Resistance P,

of Shank Tension =02 p=03 u=04 p =05

Bolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear

P 0.9F,

mm kN kN kN kN kN kN kN kN kN kN

12 49.4 44.5 8.89 17.8 133 26.7 17.8 356 222 445

18 921 82.9 166 33.2 24.8 49.7 33.2 66.3 414 8§29

20 144 130 259 51.8 388 FiB 51.8 104 64.8 130

22 177 189 319 637 47.8 956 83.7 127 787 158

24 207 186 373 74.5 55.9 12 74.5 149 932 186

27 234 21 421 84.2 632 128 842 168 105 211

30 286 257 515 103 77.2 154 103 206 129 257

HIGHER GRADE HSFG BOLTS IN 5 275

Diameter Min. Bolt Slip Resistance Py

of Shank Tension p=02 u=03 =04 p=9.5

Bolt Tension Capacily Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear

Py 0.9P,

mm kN kN kN kN kN kN KN kN kN kN

16 104 935 187 374 281 561 374 74.8 46.8 §35

20 162 148 291 58.2 437 87.4 58.2 116 72.8 146

22 200 180 36.0 721 54.1 108 721 144 90.1 180

24 233 210 42.0 84.0 62.0 126 84.0 168 105 210

27 303 273 545 109 &1.8 164 109 218 136 273

30 370 333 66.6 133 958.9 200 133 266 167 333




Bolt data 1249
BS §50-1: 2000 BOLT CAPACITIES
B5 4366 1965
BS 4604: 1070 PRELOADED HSFG BOLTS: NOMN-SLIP IN SERVICE
BS 4833: 1973
GEMERAL GRADE COUNTERSUNK HSFG BOLTS IN 5275
Deampter] Mn Tension Shivar Sl RosSianon Baanng Capacity. F‘,.|I N
(=) Shaei Capacity forp=04 End datance equal ba 3 x BOE diamabed
Bolt | Tension Senie|Doubly Sangi | Douibe
Shear | Shear| Shear | Shear Thickness i mm of ply passad theough
F. LIP, | AR
i kN L kM kN L Kk kM -] -] s B & 10 12 158 20 Fa] 3
12 494 | B3 [ 4BT | 33T | 674 ) 272 | SaD | TRE| 248 ) 330 | 404 | 40T | SBO | T4 S | GR 4| T4 | TED | 294
18 =R} W01 | 926 | s28 | 126 | =OT m 110] 221 331 | 442 | 552 | 552 | mad | 120 | vFF | 232 | 247
n 144 i54 | 145 | B0 | 168 | Ta2 | 158 0 | 138 ) 276 | 414 | BEZ | 6D.0 | 6.6 | 138 | 207 | 276 | 345
il 77 195 | 178 | 121 243 87 4 185 o T.59 | 228 | 38.0 | 531 | 8.3 | 9A.T | v4e | IO | 296 | 3T2
24 T 228 | 208 | 141 | B2 | 114 | E2A o O | 168 | 3.1 | 40.7 | 862 | S04 | 14D | 232 | 315 | BT
27 Fac 257 | 236 161 g e 57 i 0 |488| 233|419 | 50.5| 7.8 | 154 | 247 | 340 | 423
£ P 15 | 2680 | 108 | 3 | 157 | A8 o o 0 | 108 | 219 | S48 | 922 | 155 | 250 | 362 | 455
Values in bold are less than the single shaar capacity of (e ok
Valuss in Malhs A greassr than M doulls alear capacity of Ehe bolt
Shaching inciacales thirl the ply Ehicknesa i not switable for an ouler phy
HIGHER GRADE COUNTERSUNK HSFG BOLTS IN 5275
Caamater]  Min, Tenson Shpar Sin Rasisinncs Beanng Capacity, Py, in kN
ol Thanh Capaaty for =058 Ernd distance equad b5 3 x boll dumstar
Bol | Tension Single |Doublel Single | Double
Shear | Shear | Sheat | Shear Truckness m mm ol ply passed (Frough
P, [1R,] Ag,
mnm kN kN | kN | &M N kM L ] & T & g 10 ) 12 | 15| 20 | 25 ] 30
18 104 1 | e | s2e | 128 | st | 11a |10l 22 g a2 sz fea aan] 120 | oy | 232 | 2a7
0 152 i78 | 172 | 860 | 196 | BDO | 17B 0 | 138|276 | 414|552 | 69.0 | 96.6 | 138 | 20T | 276 | 345
22 Fie] 2| 212 | 1 | 242 | 110 | 220 0 | 750|228 | 380|531 | 683 | ORT| 144 | 220 | 286 | 37T
24 33 457 | 247 | 141 | 282 | 128 | 25T "] 0 | 168|330 | 40T | 66.2 | 994 | 145 | 232 | 375 | 387
T 103 33N | X2t | 1Ba | 8T | 167 | 33 [+] D 486|233 419 | 605 678 | 184 | 247 | 340 | 423
30 370 | 407 | 393 | 224 | 440 | 204 | 407 L] -] 04 1A | 518 (93,2 [ 155 | 356 | 362 | 466

Walues in bold are less than the singlo shear capacity of the boll
Walons in itnkc any groaser Chan th doubie shear canacty of the bolt
MWIMHM|MOHmﬂ-Mﬂqmwmmrnmm




1250  Bolt data
BS 5950-1: 2000 BOLT CAPACITIES
BS 4395: 1969
BS 4604: 1970 PRELOADED HSFG BOLTS: NON-SLIP UNDER FACTORED LOADS
BS 4933: 1972
GENERAL GRADE COUNTERSUNK HSFG BOLTS IN §275
Diameter Min. Bolt Slip Resistance Py
of Shank Tension u=02 n=03 =04 p=05
Baolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear
P, 0.9P,
men kN kN kN kN kN kN kN KN kN kN
12 48.4 44.5 8.89 i7.8 133 267 17.8 358 222 44.5
16 92.1 8239 164 332 249 497 332 863 41.4 829
20 144 130 259 518 389 e 51.8 104 648 130
22 177 159 319 837 478 956 837 127 787 155
24 207 186 373 74.5 559 112 745 149 932 186
27 234 211 421 842 632 126 842 168 105 21
30 286 257 51.5 103 772 154 103 206 129 257
HIGHER GRADE COUNTERSUNK HSFG BOLTS IN § 275
Diameter Mir Bolt Slip Resistance P,
of Shank Tension w=0z n=03 p=904 p=05
Balt Tension Capacity Single Double Single Dauble Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear
P, 0.9P,
mm ki kiN KN kN kN kN kN kN kN kN
18 104 835 187 37.4 281 56.1 37.4 74.8 46.8 93.8
20 162 146 291 582 437 874 68.2 118 728 148
22 200 180 380 721 54.1 108 72 144 90.1 180
24 233 210 4290 840 83.0 126 840 168 108 210
27 303 273 54.5 109 g18 164 109 218 138 273
30 370 333 86 .6 133 99.9 200 133 266 167 333




Bolt data 1251

BS 5950-1: 2000 BOLT CAPACITIES

BS 4190: 2001

NON-PRELOADED ORDINARY BOLTS

GRADE 4.6 BOLTS IN 8355

Diarneter | Tensile Tension Shear Bearing Capacity in KN {Minimum of Py, and Py}

of Stress Capacity Capacity End distance equal ta 2 x holt diameter.
Bolt Area |Nominal| Exact | Single | Double

0.8Ap, Ay Shear | Shear Thickness in mm of ply passed through.

A, Fram P, P; 2P,

mm mm’ kN kN kN kN 5 3] 7 <] 9 10 12 15 20 25 30
12 84.3 16.2 202 1358 270 | 276|331 | 386|422 | 497 | 552|662 828 | 110 | 138 | 166
16 157 301 37.7 251 50.2 36.8 | 442 | 515|569 | 662 | 73.6 | 883 | 110 | 147 | 184 | 224
20 245 47.0 58.8 392 784 | 460 | 552 | 844 | 736 | 828 | 920 | 110 | 138 | 184 | 230 | 276
22 303 58.2 72T 485 97.0 | 506 | 60.7 | 708 | 81.0 | 911 | 1067 | 127 | 152 | 202 § 253 | 304
24 353 67.8 84.7 56,5 113 552 | 682 | 773 | 883 | 994 | 110 | 732 | 166 | 227 | 276 | 337
27 458 581 110 734 147 621 | 745 | 869 | 994 | 112 | 124 | 149 | 7186 | 248 | 317 | 373
30 561 108 135 89.8 180 | 69.0 | 82.8 | 966 | 110 | 124 | 138 | 166 | 207 | 276 | 345 | 414

Vzlues in bold are less than the single shear capacity of the bolt.

Values in itafic are greater than the double shear capacity of the balt

Bearing values assume standard clearance holes.

If oversize or short sletted heles are used, bearing values should be multiptied by 0.7.

Iflong slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and long joints,

GRADE 8.8 BOLTS IN 5355

Diameter | Tensile Tension Shear Bearing Capacity in kN {(Minimum of Py, and Py}
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Area |Naminal] Exact | Single | Double
0.8Ap Apy Shear | Shear Thickness in mm of ply passed through.
Ay Pam P, P. 2P,
mm mm’ kN kN kN kN 5 5 7 8 9 10 12 15 20 25 30
12 843 37.8 47.2 31.8 832 | 330|396 | 462 | 528 | 504 | 660 | 792 | 99.0 | 132 | 165 | 198
18 157 70.3 g7.8 58.8 118 44.0 | 52.8 | 616 | 704 | 792 | 880 | 106 | 132 | 176 | 220 | 264
20 245 110 137 01.8 184 550 | 86.0 | 77.0 | 88.0 | 890 | 110 | 132 | 165 | 220 | 275 | 330
22 303 136 170 114 227 60.5 | 726 | 84.7 | 968 | 109 | 121 | 145 | 182 | 242 | 303 | 363
24 353 158 198 132 265 66.0 | 79.2 | 924 | 106 | 119 | 132 | 158 | 198 | 2864 | 330 § 396
27 459 206 257 172 344 743 | 89.1 ] 104 | 119 | 134 | 149 | 178 | 223 | 297 | 371 | 446
30 561 251 314 210 421 825 | 99.0[ 16 ) 132 | 149 | 165 | 198 | 248 | 330 | 413 [ 4985

Values in bald are less than the single shear capacity of the bolt

Values in jtalic are greater than the double shear capacity of the bolt.

Bearing values assume standard clearance holes.

If oversize or short slotted holes are used. bearing values should be multiplied by 0.7

If long slotted or kidney shaped holes are used. bearing valuas should be multiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings. large grip lengths and long joints.



1252

Bolt data

BS 5950-1: 2000
BE 4190: 2001

NON-PRELOADED ORDINARY BOLTS

BOLT CAPACITIES

GRADE 10.9 BOLTS IN $355

Diameter | Tensile Tension Shear Bearing Capacity in kN (Minimum of Py, and Py}

of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Bolt Arga  |MNominal| Exact | Single | Double

0.8Ap, Agpy Shear | Shear Thickness in mm of ply passed through.

A Poom P, P, 2P,

k] mm’ kN kN kN kN 5 8 7 g g 10 12 15 20 25 30
12 843 472 59.0 337 67 4 33.0; 396 | 462 | 528 [ 59.4 | 66.0 | 79.2 | 99.6 | 132 165 198
16 187 87.9 110 62.8 126 440 | 528 | 616 | 704 | 792 | 880 | 108 | 132 176 | 220 | 264
20 245 137 172 980 186 550 | 660 | 77.0 | 88.0 | 930 ] 110D 132 165 | 220 | 275 | 330
22 303 170 212 121 242 605 | 726 | 847 | 968 | 109 121 145 182 242 | 303 | 383
24 353 198 247 141 282 66.0 | 79.2 | 924 | 106 119 13z 158 198 264 | 330 | 398
27 459 257 321 184 387 74.3 | 8941 104 119 134 148 | 178 223 | 297 | 371 446
30 561 314 383 224 449 825 69.0 | 116 | 132 | 149 | 165 | 198 | 248 | 330 | 413 | 485

Values in bold are less than the single shear capacity of the bolt

Vzlues in italic are greater than the double shear capacity of the boit

Bearing values assume standard clearance holes.

If oversize or short slotted holes are used, bearing values should be multiplied by 0.7.

If long slotted or kidney shaped hales are used. bearing values should be muttiplied by 0.5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and long joints,



Bolt data 1253
BS 5950-1: 2000 BOLT CAPACITIES
B3 4190: 2001
BS 4933: 1973 NON-PRELOADED COUNTERSUNK BOLTS
GRADE 4.6 COUNTERSUNK BOLTS IN 5355
Diameter | Tensile Tension Shear Bearing Capacity in kN (Minimum of Py, and Py,)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter,
Balt Area |MNominal{ Exact | Single | Double
0.8Ap, Apy Shear | Shear Thickness in mm of ply passed through
A | Pun | P p, | ep,
mm mm? kN kN kN kN 5 ] 7 8 9 10 12 15 20 25 30
12 843 16.2 20.2 135 270 | MO | 168 221 {276 | 337 | 366 | 497 | 662 | 938 | 121 | 149
18 157 301 377 251 50.2 736 | 147 | 229} 204 | 368 | 442 | 569 | §1.0 | 118 | 165 | 191
20 245 47.0 58.8 392 78.4 a 920|184 | 276 | 368 | 460 | 844 | G20 | 138 | 184 | 230
22 303 582 727 485 97.0 Q 506 | 152 | 253 | 354 | 455 | 658 | 961 | 147 | 197 | 248
24 353 67.8 847 56.5 113 0 0 1.0 | 228 331 | 442 | 862 | 994 | 155 | 270 | 265
27 459 881 110 734 147 0 0 311|155 | 279 | 404 | 652 | 102 | 165 | 227 | 289
30 561 108 135 83.8 130 0 0 0 6.90 | 20.7 | 345 | 621 104 173 | 242 | 319
Values in beld are less than the single shear capacity of the bolt.
Values in itafic are greater than the double shear capacity of the boli.
Bearing values assume standard clearance holes
If oversize or shoit slotted holes are used, bearing values should be multiplied by 0.7.
If long slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5.
Depth of countersink is taken as half the boit diameter.
GRADE 8.8 COUNTERSUNK BOLTS IN 5 355
Biameter | Tensile Tensicn Shear Bearing Capacity in kN (Minimum of Py, and Py}
of Stress Capacity Capacity End distance aqual to 2 x bolt diameter.
Bolt Area [Nominal| Exact | Single | Double
A.8Ap ARy Shear | Shear Thickness in mm of ply passed through
A, P oo P, P, 2P,
mm mm” kN kN kN kN 5 6 7 3 g [ w0 [ 12| 15[ 0] 25| 30
12 84.3 378 47.2 316 632 13.2 1 198 | 264 | 330 | 39068 | 462 | 594 | 792 | 112 145 178
18 157 703 87.9 58.9 118 880|176 | 264 | 352 | 440 | 528 ( 704 | 96.8 | 147 185 | 229
20 245 110 137 91.9 184 Q 1.0 | 220 | 33.0 | 440} 550 | 77.0 | 110 165 | 220 [ 275
22 303 136 170 114 227 0 6.05| 18.2 | 30.3 | 424 | 545 | 78.7 | 115 175 | 236 | 296
24 353 158 198 132 265 0 0 13.2 | 264 | 396 | 52.8 | 79.2 | 119 | 185 | 251 317
27 459 208 257 172 344 0 0 3.71 ) 186 | 33.4 | 48.3 | 78.0 | 123 | 187 | 271 | 345
30 561 251 314 210 421 0 0 0 8.25 ) 248 | 41.3 | 743 | 124 | 208 | 288 | 371

Values in bold are less than the single shear capacity of the boit

Values in iafic are greater than the double shear capacity of the bolt

Bearing values assume standard clearance holes,

If aversize or short slotted holes are used, bearing values should be multiplied by 0.7,

If long slotted or kidney shaped holes are used, bearing values should be multipiied by 0.5.
Depth of countersirk is taken as half the bolt diameter.
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Bolt data

BS 5950-1; 2060
B3 4190: 2001
B3 4833: 1973

BOLT CAPACITIES

NON-PRELOADED COUNTERSUNK BOLTS

GRADE 10.9 COUNTERSUNK BOLTS IN 8355

Diameter | Tensile Tension Shear Bearing Capacily in kN (Minimum of Py, and Py)
of Stress Capacity Capacity End distance equal to 2 x bolt diameter
Balt Area |Nominal| Exact | Single | Double
0.8Ap, Ap, Shear | Shear Thickness in mm of ply passed through
Ay Prom P, P, 2P,
mm mm® KN kN kN kN 5 8 7 8 9 10 12 15 20 25 30
2 84.3 47.2 59.0 337 67.4 13.2 | 19.8 { 26.4 | 33.0 | 396 | 462 | 504 | 7g.2 | 112 | 135 | 178
16 157 87.9 110 62.8 128 880 | 176 | 26.4 | 352 | 44.0 | 628 | 704 | 968 | 147 185 | 229
20 245 137 172 980 198 4] 11.0 | 22014 33.0 | 44.0 | 656 | 77.0 | 110 | 165 | 220 | 275
22 303 170 212 il 242 (] 6.05 | 18.2F 30.3 | 424 | 545 787 | 115 | 175 | 236 | 296
24 353 198 247 141 282 q 0 13.2 | 264 | 396 | 628 | 79.2 ] 119 | 185 | 251 [ 317
27 458 257 321 184 367 q ] 371 186 | 334 | 483 | 78.0| 123 | 197 | 271 345
30 561 314 293 224 449 q 9 0 825 | 248 | 41.3 | 743 | 124 | 206 | 289 | 3N

Values in bold are less than the single shear capacity of the bealt.

Values in italic are greater than the double shear capacity of the bolt.
Bearing values assume standard clearance holes.

If oversize or short slotied holes are used, bearing values should be multiplied by 0.7.

If long slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5.

Depth of countersink is taken as half the bolt diameter.




Bolt data 1255
BS 5950-1: 2000 BOLT CAPACITIES
BS 4395: 1969
NON-PRELCADED HSFG BOLTS
GENERAL GRADE HSFG BOLTS IN 8355
Diameter [ Tensile Tension Shear Bearing Capacity in kN {(Minimum of Py, and Py,)
of Stress Capacily Capacity End distance equal to 2 x bolt diameter
Bott Asea |Nominal| Exact | Single | Double
0.84Ap, Ap, Shear | Shear Thickness in mm of ply passed through,
A Pum | Py P, 2p,
mm mm? KN KN KN KN 5 5 7 8 9 [ 10 [ 12| 15[ 20 2] 30
12 84.3 398 497 337 674 33.0 | 396 | 462 | 528 | 594 | 66.0 | 79.2 | 99.0 | 732 165 198
16 167 741 926 828 128 44.0 | 528 | 81.6 | 704 | 79.2 | 88.0 | 108 132 176 | 220 | 264
20 245 116 145 98.0 198 55.0 | 86.0 | 77.0 | 83.0 | 890 | 110 132 165 | 220 | 275 | 330
22 302 143 179 121 242 60.5 | 72.6 | B4.7 | 96.8 | 109 121 145 182 | 242 | 303§ 363
24 353 167 208 141 282 66.0 | 79.2 | 924 | 108 119 132 158 198 | 264 | 330 | 396
27 459 188 236 161 321 74.3 | 891 104 119 134 149 178 | 223 § 297 | 3771 | 446
20 561 231 289 196 303 825 99.0 [ 116 132 | 148 165 198 | 248 | 330 | 4713 | 485
Values in beld are [ess than the single shear capacity of the bolt.
Values in falic are greater than the double shear capacity of the bolt
Bearing values assume standard clearance holes,
If oversize or short slotted holes are used, bearing values should be multiplied by 0.7.
If long slotted or kidney shaped holes are used, bearing values should be multiplied by 0.5
If appropriate, shear capacity must be reduced for large packings, large grip lengths and long joints,
HIGHER GRADE HSFG BOLTS IN & 355
Diameter | Tensile Tension Shear Bearing Capacity in kN (Minimum of Py, and Py}
of Stress Capacity Capacity End distance equal to 2 x bolt diameter.
Boit Area |Nominal| Exact | Single | Double
0.8Ap, Apy Shear | Shear Thickness in mm of ply passed through.
A Poom ] Py 2P,
mm mm” kN ki kN kN 5 8 7 8 9 [ 10 [ 12 [ 15 ] 20 [ 25| 30
168 157 879 110 628 128 42,0 | 52.8 | 6186 | 704 [ 79.2 | 88.0 | 106 { 132 | 176 | 220 | 264
20 245 137 172 98.0 198 §5.0 | 66.0 | 77.0 { 88.0 | 93.0 | 110 | 132 165 | 220 | 275 | 33¢
22 303 170 212 121 242 80.5 | 726 | B4.7 | 96.8 | 108 | 121 145 | 182 | 242 | 303 | 383
24 353 188 247 141 282 86.0 | 79.2 | 924 [ 108 | 119 | 132 | 158 [ 198 | 264 | 336 | 396
27 459 257 3 154 367 74.3 1 891 | 104 | 119 | 134 | 148 | 478 § 223 | 297 | 377 | 446
30 561 314 393 224 448 825 | 99.0 ] 116 | 132 | 149 | 165 | 198 | 248 | 330 | 413 | 495

Values in bold are less than the single shear capacity of the bolt.

Values in iafic are greater than the double shear capacity of the bolt.
Bearing values assume standard clearance holes.
If oversize or short slotted holes are used, bearing values should be multiplied by 0.7.

If leng slotted or kidney shaped holes are used, bearing values should be multiplied by 0 5.

If appropriate, shear capacity must be reduced for large packings, large grip lengths and leng joints.
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Bolt data

BS §950-1: 2000
B3 4395: 1969
BS 4804: 1570

PRELOADED HSFG BOLTS: NON-SLIP IN SERVICE

BOLT CAPACITIES

GENERAL GRADE HSFG BOLTS IN 8355

Diameter]  Min Tension Shear Slip Resistance Bearing Capacity, Py, in kN
of Shank Capacity foru=10.5 End distance equal to 3 x bolt diameter.
Bolt | Tension Single |Double| Single | Double
Shear | Shear| Shear | Shear Thickness in mm of ply passed through
P, [11P.] Ap,
mm kN kN kN kN kN kN kN 5 [ 7 8 ] 10 12 15 | 20 | 25 | 30
12 404 | 543|497 | 337 | 674 | 27.2 | 54.3 | 495|594 | 693 | 79.2 | 89.1 | 99.0 | 1719 | 149 | 198 | 248 | 297
16 821 101 | 926 | 628 | 126 | 507 | 101 | €66.0| 792|924 | 106 | 119 ] 732 | 156 | 198 | 264 | 330 | 39¢
20 144 158 | 145 | 980 { 166 | 79.2 158 | 82.5 990 | 116 | 132 | 149 1 165 | 198 | 248 | 330 | 413 | 494
22 177 195 | 179 | 121 § 242 | 974 165 | 90.8( 109 | 127 | 145 | 163 } 182 | 218 | 272 | 363 | 454 | 543
24 207 228 | 208 | 141 | 282 114 228 [ 99.0f 119 | 139 | 158 | 178 | 198 | 238 | 297 } 396 | 485 | 594
27 234 257 | 236 | 161 | 321 129 257 | 111 | 124 | 186 | 178 | 200 [ 223 | 267 | 334 | 446 | 557 | G668
30 286 215 | 288 | 198 | 393 157 315 | 124 | 149 | 173 | 198 | 223 | 248 | 287 | 371 [ 485 | 679 | 743
Values in bold arz less than the single shear capacity of the bolt
Values in ftalic are greater than the double shear capacity of the bolt.
Shading indicates that the ply thickness is not suitable for an outer ply
HIGHER GRADE HSFG BOLTS IN 5355
Diameter|] Min, Tension Shear Slip Resistance Bearing Capacity, Py, i1 kN
af Shank Capacity forp=05 £nd distance equal to 3 x bolt diameter,
Balt | Tension Single |Doublel Single | Double
Shear| Shear| Shear | Shear Thickness in mm of ply passed through
P, IR, [ A
mm kN kN kN kN kiN kN kN 5 5 7 8 9 10 12 15 20 25 30
16 104 114 | 110 | 62.8 126 571 114 | B60| 792|924 106 | 119 | 132 | 158 | 198 | 264 | 330 | 396
20 182 178 | 172 | 98.0 186 89.0 178 | 825|990 116 | 132 | 149 | 165 | 198 | 248 | 330 | 413 | 495
22 200 220 | 212 121 242 110 220 [ 90.8] 109 | 127 | 145 | 163 | 182 | 218 | 272 | 363 | 454 | 545
24 233 257 | 247 141 282 128 257 |98.0| 119 | 139 | 158 | 173 | 198 | 238 | 297 | 396 | 495 | 594
27 303 333 | 321 184 387 167 333 111 | 134 | 156 | 178 | 200 | 223 | 267 | 334 | 446 | 557 | 668
20 370 407 | 393 224 449 204 407 124 | 149 | 173 ] 198 | 223 | 248 | 297 | 371 [ 485 | 619 | 743

Values in bold are less than the single shear capacity of the bolt.
Values in ftalic are greater than the double shear capacity of the bolt.
Shading indicates that the ply thickness is not suitable for an outer ply.




BS 5950-1: 2000
BS 4395: 1965
B3 4604: 1970

PRELOADED HSFG BOLTS: NON-SLIP UNDER FACTORED LOADS

BOLT CAPACITIES

GENERAL GRADE HSFG BOLTS IN 8355

Bolt data

1257

Diameater Min Balt Slip Resistance Py
of Shank Tension n=02 u=03 n=04 p=05
Bolt Tension Capacity Single Dauble Single Double Single Double Single Oouble
Shear Shear Shear Shear Shear Shear Shear Shear
Pq 0.9P,
mm kN kN kN kN kN kN kN kN kN kN
12 454 44 5 8.89 17.8 13.3 28.7 17.8 356 222 445
16 92.1 829 166 33.2 249 48.7 332 66.2 414 828
20 144 130 259 51.8 3849 778 518 104 64,8 130
22 177 159 31.9 63.7 47.8 956 637 127 797 159
24 207 186 373 74.5 55.9 112 74.5 149 932 186
27 234 21 42.1 84.2 63.2 126 84.2 168 105 211
30 286 257 51.5 103 772 154 103 206 129 257
HIGHER GRADE HSFG BOLTS IN 3355
Diameter Min Bolt Siip Resistance Py,
of Shank Tension u=0.2 u=03 p=04 p=05
Bolt Tension Capacity Single Double Single Double Single Daouble Single Double
Shear Shear Shear Shear Shear Shear Shear Shear
P, 09P,
mm kN kN kN kN kN kN kN kN kN RN
16 104 93.5 18.7 374 281 56.1 374 748 46.8 838
20 162 146 281 58.2 437 87.4 58.2 116 72.8 146
22 200 180 36.0 72.1 54.1 108 72.1 144 s0.1 180
24 233 210 42.0 84.0 63.0 126 84.0 168 105 210
27 303 273 54.5 108 81.8 164 109 218 136 273
30 370 333 66.6 133 99.9 200 133 266 167 333




1258 Bolt data

B £050-1: 2000 BOLT CAPACITIES
BS 4395 1959
BS dBid: 1870 PRELOADED HS5FG BOLTS: NOMN-SLIP IN SERVICE
B5 4933 1873
GEMERAL GRADE COUNTERSUNK HSFG BOLTS IN 5355
Diamedsr| Min Taagas Sk Shp Resisiance| Bearing Capadily, Py in kN
ol SEank Capacity for p= 08 End distance edgual 5 3 x boll diarslar
BoR | Teswgign Single | Double| Single | Double
Shovar | Shaear | Shaear | Shaat Thickness in men of ply passsd Ehiough
Py | 1P| Ay
T L] M N kR L] kM M 5 B T g8 L] 10 12 15 20 25 0
12 abd | B3| 45T ) AT | 674 | 272 | 543 108 20.7 | 358|455 | 564 | 803 (601 | 1R | 152 | 218 | 267
1% a2 w1 | 92| s28 | 126 | 507 | 10t |13z 264 | 298] s2e|een| vez| 108 | ras | 200 | 277 | 342
a0 144 158 | 145 | 9A0 | 186 | Fe2 | 188 | O | 1E.5) 33.0) 405 08.0 | 625 | 116 | 165 | 348 | 330 | 413
22 177 195 | 178 | 121 242 | 974 | 195 | 0 |9.08)|27.2| 454 635 | 807 | 118 | 172 | 263 | 354 | 445
24 207 228 | s | 14 282 114 | 228 | © O | 168|308 | B8 | THE | 119 | 178 | ITT | 3TE | 475
2T 234 b1 5 161 a2 128 257 L] 0 |557| 278|501 | T4 | 197 | 185s8 | 208 | 407 | S18
B 206 s | 23 | 198 383 | 187 Mms | 0 ] O |124] 374 ] 698 ] 111 | 188 | 309 | 433 | 557
Viales, in bold anp ks than the single sheae capacity of ihe bol
Waluad in 7l are grealer than the double shear capacty of the bott
Shading indicates that the ply thickress is not sukabls for an oubsr ply
HIGHER GRADE COUNTERSUNK HSFG BOLTS IN 5355
Dimrrapier|  Min Tenson Srear Shp Resstance| Baating Capacky. Py in kN
af Shank Cw for =05 End dstance squal 1o 3 x bolt dameter
Boit | Taragn Single | Double| Single | Double
Shaar | Shaar | SEaar | Shaar Thighness i mm of ply passed through.
P, 1P| Ay
mm kN kN kN L i L N -] -] T 8 ] 10 12 15 20 5 Hy
15 104 114 | 110 | 628 | 128 | 571 | 114 [ 132|204 | 6| 528|650 | TR ) 106 ] 145 | 20 | 277 [ 343
Fatl 142 e | 172 | 980 | 188 | BRO | 1TA 0 |165)| 330|455 B8.0 | ®2.8) 116 | 1685 | 245 | 330 | 413
2 200 F i) 212 124 247 1ip 2 O |908| 372|454 635 | 1.7 | 118 | 172 | 283 | 354 | w45
Fod 233 257 | 24T | van | 282 | 128 | 247 1] G |96 | 35| S04 TR ) 1R | 17 | 277 | 3TE | 475
27 X3 33 321 184 387 167 333 <] @ S5T|aTE| 509 | 724 ) 997 | 184 | 265 | 407 | S7A
0 R A0F | 358 | 224 | 246 | 204 | 07 o o O [124]379] 610 191 | 184 | 300 | 433 | 557

Walues in bodd are 035 (han he single shedd capacity af the bolt
Valuad in ilale ane greater than the doubles shear capacey of the bok
Shading indcates that the ply thickness is nol suitabie for an cuter ply



BS 5950-1: 2000
BS 4395: 1969
BS 4604: 1970
BS 4533: 1973

PRELOQADED HSFG BOLTS: NON-SLIP UNDER FACTORED LOADS

BOLT CAPACITIES

Bolt data

GENERAL GRADE CCUNTERSUNK HSFG BOLTS IN §355

1259

Diameter Min. Bolt Slip Resistance Py
at Shank Tension p=02 pu=03 p=04 =05
Bolt Tension Capacity Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear
P, 0.9P,
mm kM kN kN KN kN kN kN kN kN KN
12 49.4 44.5 8.89 17.8 13.3 267 178 356 222 445
16 92.1 8238 166 332 24.9 497 332 6.3 41.4 829
20 134 130 259 51.8 38.9 77.8 51.8 104 64.8 130
2z 177 159 319 63.7 47.8 9586 63.7 127 78.7 159
24 207 188 373 74.5 55.9 112 745 149 93.2 136
27 234 211 421 84.2 63.2 126 84.2 165 105 211
30 286 257 515 103 772 154 103 206 129 257
HIGHER GRADE COUNTERSUNK HSFG BOLTS IN S 355
Diameler Min. Bolt Slip Resistance Py

of Shank Tension p=02 =03 p=04 p=05%

Balt Tension Gapacity Single Doubie Single Double Single Double Single Double

Shear Shear Shear Shear Shear Shear Shear Shear
P, 0.9P,

mm kN kN kN kN kN kN kN kN kN kN
16 104 935 18.7 374 28.1 56.1 374 748 468 935
20 162 146 291 582 437 874 58.2 118 728 146
22 200 180 36.0 721 54.1 108 721 144 9041 180
24 233 210 42.0 84.0 63.0 128 840 168 105 210
27 303 273 545 109 81.8 1864 109 218 136 273
30 370 333 66.6 133 949.9 200 133 266 167 333




1260 Bolt data

Bolt groups

One row of fasteners; fasteners in the plane of the force

No. of fasteners Pitch, p

Values of Z, (cm?) for
diameter of bolt, D (mm)

in vertical row (mm) 12 16 20 22 24 27 30

2 70 6.0 11.4 18.0 225 26.6 35.1 43.8
3 11.9 22.3 35.0 43.4 50.8 66.5 81.9
4 19.7 36.9 57.8 71.6 83.6 109.1 133.9
5 29.6 55.2 86.3 106.9 124.7 162.5 199.2
6 414 77.5 120.6 149.3 1741 226.7 277.6
7 55.1 102.8 160.6 198.7 231.7 301.6 369.2
8 70.9 132.1 206.3 255.3 297.6 387.3 473.8
9 88.6 165.1 257.8 318.9 371.7 483.6 591.6
2 100 8.5 16.0 251 31.2 36.6 48.0 59.3
3 16.9 31.6 49.5 61.3 71.6 93.4 114.6
4 28.2 52.5 82.1 101.6 118.5 154.4 189.1
5 42.2 78.7 122.9 152.1 177.3 230.8 282.5
6 59.1 110.1 171.9 212.7 247.9 322.6 394.6
7 78.7 146.7 229.0 283.3 330.2 429.6 525.5
8 101.2 188.5 294.4 364.1 424.3 552.0 675.0
9 126.5 235.6 367.9 455.0 530.2 689.7 843.3
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Bolt data
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Bolt data
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Bolt data
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1264 Bolt data

P

P
Bolt groups =
One row of fasteners; fasteners not in the plane of the force

Values of Z, (cm®) for

No. of fasteners Pitch, p diameter of bolt, D (mm)
in vertical row (mm) 12 16 20 22 24 27 30
2 70 13.3 24.8 38.8 48.0 55.9 72.8 89.1
3 25.5 47.5 74.2 91.8 107.0 139.2 170.3
4 41.7 77.6 121.2 149.9 174.6 227.2 277.8
5 61.8 115.0 179.5 222.1 258.8 336.5 411.4
6 85.8 159.8 2494 3084 359.4 467.3 571.3
7 113.7 211.8 330.6 408.9 476.4 619.6 757.3
8 1456 2712 4233 5235 610.0 793.2 969.6
9 1815 338.0 5274 6523 760.0 988.3 1208.0
2 100 15.4 28.7 44.8 55.4 64.6 84.1 102.9
3 31.4 58.5 91.3 112.9 131.6 171.2 209.3
4 53.0 98.8 154.2 190.7 222.2 288.9 353.2
5 80.3 1495 2334  288.6 336.3 437.3 534.6
6 113.2 210.8 3289  406.8 474.0 616.3 753.4
7 151.6 2824 4408 5452 635.1 825.9 1009.5
8 195.8 364.6 569.0 703.7 819.9 1066.1 1303.1
9 2455 4572 7135 8825 1028.1 1336.9 1634.1

Centre of rotation is assumed 60 mm below the bottom bolt
The tabulated values are conservative when the centre of rotation is located more than 60mm below the
bottom bolt. The tabulated values are unconservative when the centre of rotation is located less than 60 mm
below the bottom line.

Bolt groups
Two rows of fasteners; fasteners not in the plane of the force

Values of Z, (cm®) for

No. of fasteners Pitch, p diameter of bolt, D (mm)

in vertical row (mm) 12 16 20 22 24 27 30

2 70 26.6 49.6 77.5 95.9 111.8 145.6 178.2
3 51.0 95.1 148.5 183.7 2141 278.5 340.6
4 83.3 155.2 2423  299.7 349.3 454.3 555.5
5 1235  230.1 359.1 4441 517.5 673.1 822.9
6 1715 3195 498.7 616.8 718.7 934.7 1142.6
7 227.5 4237 661.2 817.8 952.8 1239.1 1514.7
8 2912 5425 846.6 1047.1 1219.9 1586.4 1939.2
9 362.9 6759 1054.8 13046 1520.0 1976.5 2416.0
2 100 30.8 57.4 89.6 110.9 129.3 168.2 205.8
3 62.8 117.0 1826 2259 263.2 342.4 418.6
4 106.1 197.5 308.3 3814 444 .4 577.9 706.5
5 160.6  299.1 466.7  577.3 672.6 874.7 1069.2
6 226.3 4215 657.8 813.6 947.9 1232.6 1506.7
7 303.3 564.9 881.6 1090.3 1270.3 1651.8 2019.1
8 3915 7292 1138.0 14074 1639.7 2132.2 2606.2
9 491.0 9145 14271 1765.0 2056.3 2673.8 3268.2

Centre of rotation is assumed 60mm below the bottom bolts

The tabulated values are conservative when the centre of rotation is located more than 60mm below the
bottom bolts. The tabulated values are unconservative when the centre of rotation is located less than
60mm below the bottom bolts.



Bolt data 1265

L P
p
Bolt groups
Four rows of fasteners; fasteners not in the plane of the force
Values of Z,, (cm®) for

No. of fasteners Pitch, p diameter of bolt, D (mm)
in vertical row (mm) 12 16 20 22 24 27 30
2 70 53.2 99.2 155.0 191.8 223.7 2911 356.3
3 102.1 190.2 2969  367.3 428.1 557.0 681.2
4 166.7 3105 4847 599.5 698.6 908.7 11111
5 247.0 460.1 7182  888.3 1035.0 1346.1 1645.7
6 343.1 639.1 997.4 1233.7 14374 1869.3 2285.2
7 454.9 847.3 1322.4 1635.6 1905.7 2478.2 3029.4
8 5825 1084.9 1693.2 2094.1 2439.9 3172.8 3878.3
9 7258 1351.8 2109.7 2609.2 3039.9 3953.1 4832.0

100 61.6 114.8 179.2 221.8 258.5 336.4 411.5
125.6 234.0 365.2 451.8 526.5 684.8 837.3
2121 395.1 616.7 762.7 888.7 1155.8 1413.0
321.1 598.1 9335 11545 1345.2 1749.3 2138.4
452.6 843.0 13156 16272 1895.8 2465.3 3013.5
606.6 1129.8 1763.1 2180.6 2540.6 3303.7 4038.2
783.1 14584 2276.0 28149 3279.5 4264.5 5212.5
982.0 1828.9 2854.2 3529.9 4112.6 5347.7 6536.4

O©oOo~NOOTA~WN

Centre of rotation is assumed 60mm below the bottom bolts

The tabulated values are conservative when the centre of rotation is located more than 60mm below the
bottom bolts. The tabulated values are unconservative when the centre of rotation is located less than
60mm below the bottom bolts.



1266 Weld data

Weld data

Weld groups
Welds in the plane of the force

Values of Z, (cm®) for 1 mm throat thickness

Values of n Values of m (mm)

(mm) 50 75 100 125 150 175 200 225 250 275 300
50 4.7 72 101 13.3 169 209 253 30.1 35.3 409 47.0
75 72 106 143 183 226 274 325 379 438 50.1 56.8

100 10.1 143 189 23.7 289 344 402 46.5 53.1 60.1 67.5

125 133 183 237 295 355 418 485 555 629 706 787

150 16.9 226 28.9 35.5 424 496 57.2 65.0 732 817 90.6

175 209 274 344 418 496 577 66.1 748 839 932 1029

200 25.3 325 402 48.5 572 66.1 75.4 85.0 949 105.1 115.6

225 30.1 379 465 555 650 748 850 955 106.2 117.3 128.6

250 35.3 43.8 53.1 62.9 732 839 949 106.2 117.9 129.8 142.0

275 409 501 601 706 81.7 932 1051 117.3 129.8 142.6 155.7

300 47.0 56.8 67.5 78.7 90.6 1029 1156 128.6 142.0 155.7 169.7

325 535 64.0 753 872 99.8 1129 126.4 140.3 1545 169.1 184.0

350 60.3 715 834 96.1 1094 123.3 137.6 1523 167.4 182.8 198.6

375 676 794 920 1054 119.4 134.0 149.1 164.6 180.6 1969 2135

400 75.4 878 101.1 1151 129.8 1451 161.0 1773 1941 211.2 228.7

425 835 96,5 1105 1252 140.6 156.7 173.3 190.4 207.9 2259 2442

450 92.0 105.7 120.3 135.7 151.8 168.5 1859 203.8 222.1 240.9 260.0

475 101.0 1153 1305 1466 163.4 180.8 198.9 217.5 236.6 256.2 276.2

500 1104 1253 1412 1579 1754 1935 2123 231.7 2516 2719 2927

525 120.2 1358 152.3 169.6 187.8 206.6 226.1 246.2 266.8 288.0 309.5

550 130.4 146.6 163.8 181.8 200.6 220.1 240.3 261.1 282.5 304.4 326.8

575 141.0 1579 1757 1943 213.8 234.0 254.9 2764 2985 321.2 3443

600 152.0 169.5 188.0 207.3 227.4 248.3 269.8 292.1 3149 338.3 362.2
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Welds in the plane of the force
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Values of Z» (cm?®) for 1 mm throat thickness

Values of n Values of m (mm)

(mm) 50 75 100 125 150 175 200 225 250 275 300
50 24 3.6 5.2 7.2 9.5 12.2 15.4 189 229 27.3 3241
75 3.6 5.3 7.2 93 117 14.6 17.8 21.3 25.3 29.7 34.6

100 4.8 7.1 94 119 146 17.5 209 246 286 33.1 37.9

125 6.1 9.0 1.8 147 178 21.0 24.6 28.4 32.6 37.2 421

150 74 109 143 177 212 24.8 287 328 372 419 470

175 86 128 168 208 24.8 28.9 33.1 37.5 42.2 471 52.4

200 9.9 147 194 240 285 33.1 377 425 475 52.7 58.2

225 1.2 16.6 219 271 322 37.3 42.5 47.7 53.1 58.7 64.5

250 124 185 245 303 36.0 417 474 531 58.9 649 711

275 13.7 204 270 334 398 461 52.3 58.6 64.9 713 779

300 149 223 295 36.6 436 50.5 57.3 641 71.0 77.8 849

325 16.2 242 320 39.8 474 54.9 62.3 69.7 771 84.5 92.0

350 174 261 346 430 51.2 59.3 67.4 754 833 91.3 99.2

375 18.7 279 371 46.1 550 63.8 725 81.0 89.6 98.1 106.6

400 199 29.8 396 493 588 68.2 775 867 958 1049 114.0

425 212 317 421 524 626 72.7 82.6 924 1021 111.8 1215

450 225 336 447 556 66.4 771 87.7 981 1085 1187 129.0

475 23.7 355 472 587 702 81.5 92.7 103.8 114.8 125.7 136.5

500 250 374 497 619 740 86.0 97.8 109.5 121.1 132.6 1441

525 262 392 522 650 7738 90.4 1029 11562 1275 139.6 151.6

550 275 411 547 682 81.6 948 1079 1209 133.8 146.6 159.2

575 28.7 430 572 713 854 99.2 113.0 126.6 140.1 153.5 166.8

600 30.0 449 597 745 891 103.7 1181 1323 1465 160.5 174.4
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Weld groups ) §

Welds in the plane of the force I

Values of Z, (cm®) for 1 mm throat thickness

Values of n Values of m (mm)

(mm) 50 75 100 125 150 175 200 225 250 275 300
50 2.4 3.6 4.8 6.1 7.4 8.6 9.9 1.2 124 137 14.9
75 3.6 5.3 71 90 109 128 147 166 185 204 223

100 5.2 7.2 9.4 11.8 143 16.8 194 219 245 270 295

125 7.2 93 1.9 147 177 208 240 271 30.3 334 36.6

150 9.5 11.7 146 178 212 248 285 322 36.0 39.8 43.6

175 122 146 175 210 248 289 331 373 417 461 505

200 15.4 17.8 20.9 246 28.7 331 377 425 474 523 573

225 189 213 246 284 328 375 425 477 531 586 64.1

250 22.9 253 28.6 326 372 422 475 53.1 589 64.9 71.0

275 273 297 331 372 419 471 527 587 649 713 778

300 32.1 346 37.9 421 470 524 582 64.5 711 77.9 84.9

325 373 398 432 474 524 580 641 706 774 846 92.0

350 429 454 489 532 582 639 702 769 841 916 993

375 489 515 550 593 644 702 767 836 91.0 988 106.9

400 554 579 614 658 710 769 835 906 982 106.3 1147

425 623 648 683 728 780 840 90.7 98.0 1058 114.0 1227

450 69.6 721 75.7  80.1 854 915 982 1057 113.6 1221 131.0

475 773 79.8 834 878 932 993 106.2 113.7 1219 1305 139.7

500 85.4 88.0 915 96.0 101.4 1076 1145 1222 1304 139.3 148.6

525 94.0 96.5 100.1 104.6 110.0 116.2 123.2 131.0 139.4 1484 157.9

550 1029 1055 109.0 113.6 119.0 1253 1324 140.2 148.7 157.8 167.5

575 112.3 1149 1184 123.0 1284 1347 1419 149.8 1584 167.6 177.5

600 1221 1247 128.2 1328 138.2 1446 1518 159.8 168.5 177.8 187.8
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Weld groups
Welds in the plane of the force

Values of Z- (cm®) for 1mm of throat thickness

m or n (mm) Z, (cm?)
50 0.4
75 0-9
100 1.7
125 26
150 38
175 5.1 L B P
200 6.7 . r
225 8.4 E—
250 10.4 —V———— — — &
275 126 i_—e__#
300 15.0 . o
325 17.6 T
350 20.4 r
375 234 .
400 26.7 n . = ]
425 301 \
450 33.8
475 37.6
500 41.7
525 45.9
550 50.4
575 55.1

600 60.0




BS 5950-1 :2000 FILLET WELDS

BS EN 440

BS EN 49%

BS EN 758

BS EN 758

BS EN 1668

WELD CAPACITIES WITH E35 ELECTRODE WITH 5275
Leg Throat
Length Thickness Longitudinal Capacity Transverse Capacity
5 a Py Py

mm mrm kMNfmm kN/mm
38 21 0.482 0.577
4.0 2.8 0.616 0770
50 35 0.770 0982
6.0 4.2 0.924 1185
8.0 5.6 1.232 1.540
10.0 7.0 1.540 1925
12.0 8.4 1.848 2310
150 105 2.310 2.858
18.0 126 2772 3.465
200 14.0 3.080 3.850
2240 154 3.388 4.235
250 17.5 3.850 4.813

Welds are between two elements at 90° 1o each other.

PL=p,a
Pr=Kp,a
Pw = 220 Nimm?

K = 1.25 for elements at 90° to each other.

BS 5950-1 :2000 FILLET WELDS

BS EN 440

BS EN 499

BS EN 756

BS EN 758

BS EN 1668

WELD CAPACITIES WITH E42 ELECTRODE WITH $356
Leg Throat
Length Thickness Longitudinal Capacity Transverse Capacity
s a P Py

mm mm kN/mm kN/mm
3.0 2.1 0525 0.656
4.0 2.8 0.700 0.875
5.0 35 0.875 1.094
6.0 4.2 1.050 1312
8.0 5.6 1,400 1.750
10.0 7.0 1.750 2168
12.0 84 2100 2.625
15.0 10.5 2825 3.281
8.0 12.6 3.150 3.938
20.0 14.0 3.500 4375
22,0 15.4 3.850 4813
25.0 17.5 4.375 5.459

Welds are between twoe elements at 90° to each other.

P =p.a
Pr=Kp,a
P.. = 250 Nimm?

K =1.25 for elements at 50° to each other




Weld groups

Welds not in the plane of the force
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Values of Z, (cm®) for 1 mm throat thickness

Values of n Values of m (mm)

(mm) 50 75 100 125 150 175 200 225 250 275 300
50 25 3.8 50 63 75 8.8 10.0 1.3 125 13.8  15.0
75 3.8 5.6 75 94 113 13.1 15.0 169 18.8 206 225

100 5.0 75 100 125 15.0 17.5 20.0 225 250 275  30.0

125 6.3 94 125 156 188 21.9 25.0 2841 31.3 344 375

150 75 113 150 188 225 26.3 30.0 338 375 413 450

175 88 131 175 219 263 30.6 350 394 438 48.1 52.5

200 10.0 150 20.0 250 30.0 35.0 40.0 450 50.0 55.0 60.0

225 113 169 225 281 3338 394 450 506 56.3 61.9 675

250 125 188 250 31.3 375 438 50.0 56.3 625 68.8  75.0

275 13.8 206 275 344 413 481 55.0 619 68.8 75.6 825

300 15,0 225 300 375 450 52.5 60.0 675 75.0 82,5 90.0

325 16.3 244 325 406 488 56.9 65.0 731 81.3 89.4 975

350 175 263 350 438 525 61.3 70.0 788 875 96.3 105.0

375 188 281 375 469 56.3 65.6 75.0 844 938 103.1 1125

400 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0

425 21.3 319 425 531 638 744 850 956 106.3 1169 1275

450 225 338 450 563 675 78.8 90.0 101.3 1125 123.8 135.0

475 23.8 356 475 594 713 83.1 95.0 106.9 1188 130.6 1425

500 250 375 500 625 750 87,5 100.0 1125 125.0 1375 150.0

525 26.3 394 525 656 788 919 1050 1181 131.3 1444 1575

550 275 413 550 688 825 96.3 110.0 123.8 1375 151.3 165.0

575 288 431 575 719 86.3 100.6 115.0 129.4 143.8 158.1 1725

600 30.0 450 600 750 90.0 1050 120.0 1350 150.0 165.0 180.0
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Weld groups
Welds not in the plane of the force

Values of Z, (cm®) for 1 mm throat thickness

n (mm) Z. (cm®)
50 0.8
75 1.9
100 3.3
125 5.2
150 7.5
175 10.2
200 13.3
225 16.9
250 20.8
275 25.2
300 30.0
325 35.2 X
350 40.8 : '
375 46.9
400 53.3 j
425 60.2
450 67.5
475 75.2
500 83.3
525 91.9
550 100.8
575 110.2

600 120.0




Weld groups

Welds in the plane of the force

Weld data
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Values of Z, (cm®) for 1 mm throat thickness

Values of n Values of m (mm)

(mm) 50 75 100 125 150 175 200 225 250 275 300
50 2.8 4.3 6.2 85 112 143 179 219 262 310 36.2
75 4.3 6.2 8.4 11.0 139 17.3 211 25.2 29.8 34.8 40.3

100 6.2 85 11.0 139 17.1 20.7 247 292 340 392 449

125 8.3 11.0 14.0 172 20.7 24.6 28.9 33.6 38.7 441  50.0

150 106 139 173 209 248 290 335 385 438 496 557

175 13.2 17.0 20.8 249 2941 33.7 38.6 43.8 49.4 55.4 61.8

200 16.0 203 247 291 338 388 440 496 555 61.8 684

225 19.0 239 288 337 388 442 498 557 619 685 755

250 222 277 331 385 441 499 559 622 688 757 829

275 256 317 377 436 497 559 623 69.0 759 832 90.8

300 29.2 359 425 490 555 622 69.0 76.1 834 911 99.0

325 331 404 475 545 616 687 760 835 91.3 99.3 107.6

350 371 450 527 603 679 755 833 913 994 107.8 116.5

375 414 499 582 66.3 74.5 82.6 90.9 99.3 107.8 116.7 125.7

400 459 550 638 726 812 899 987 1075 116.6 1258 135.3

425 50.6 60.3 69.7 79.0 883 975 106.7 116.1 1256 1353 145.1

450 554 658 758 857 955 105.3 1150 1249 1348 1450 155.3

475 60.6 715 822 92.6 103.0 113.3 123.6 1339 1444 155.0 165.7

500 659 774 887 99.8 110.7 1215 1324 1432 1542 1652 176.5

525 714 836 954 1071 1186 130.0 1414 152.8 164.2 1758 1875

550 771 899 1024 1146 1267 138.7 150.6 1625 1745 186.5 198.7

575 83.0 96.5 109.6 1224 1351 1476 160.1 1726 1850 197.6 210.2

600 89.2 103.2 1169 1304 143.7 156.8 169.8 182.8 195.8 208.9 222.0




1274  Piling information
Sheet pile sections
The full range of current Corus steel sheet pile and bearing pile sections are avail-

able from Corus Piling on 01724 404040 or from website www.corusconstruction.
com. A selection of Corus piling products are shown below.

N

Larssen sections

Section b h d t f Area Mass / z
kg/m?

mm | mm | mm [ mm [ mm | cm¥m | kg/m | ofwall | cm*m | cm¥m
LX8 600 | 310 8.2 8.0 | 250 116.0 54.6 91.0 12863 830
LX12 600 | 310 9.7 8.2 | 386 136.0 63.9 106.5 18727 1208
LX12d 600 | 310 | 10.0 8.3 | 386 139.0 65.3 108.8 19217 1240
LX12d10 | 600 | 310 | 10.0 | 10.0 | 382 155.0 72.9 1215 19866 1282
LX16 600 | 380 | 10.5 9.0 | 365 157.0 741 123.5 31184 1641
LX20 600 | 430 | 12.5 9.0 | 330 177.0 83.2 138.7 43484 2023
LX20d 600 | 450 | 11.2 9.7 | 330 179.0 84.3 140.5 45197 2009
LX25 600 | 460 | 13.5 | 10.0 | 351 202.0 95.0 158.3 57233 2488
LX25d 600 | 450 | 15.0 11.0 326 | 212.0 | 100.0 166.7 57246 2544
LX32 600 | 460 | 19.0 | 11.0 | 340 | 243.0 | 1144 190.7 73802 3209
LX32d 600 | 450 | 21,5 | 13.0 | 320 | 269.0 | 126.5 | 210.8 75325 3348
LX38 600 | 460 | 22,5 | 145 | 337 | 298.0 | 140.4 | 234.0 87511 3805
Larssen:
6W 525 | 212 7.8 6.4 | 333 109.0 44.8 85.3 6508 614
20Wd 525 | 400 | 11.3 | 10.0 | 333 196.0 80.7 153.7 40574 2029
GSP2 400 | 200 | 10.5 8.6 | 266 157.0 49.4 123.5 8756 876
GSP3 400 | 250 | 13.5 8.6 | 270 191.0 60.1 150.3 16316 1305
GSP4 400 | 340 | 15.5 9.7 259 | 242.0 76.1 190.3 38742 2279
6-42 500 | 450 | 20.5 | 14.0 | 329 | 339.0 | 133.0 | 266.0 94755 4211
6(122) 420 | 440 | 22.0 | 14.0 250 371.0 | 1225 291.7 92115 4187
6(131) 420 | 440 | 254 | 140 | 250 | 396.0 | 130.7 311.2 101598 4618
6(138.7) 420 | 440 | 28.6 | 14.0 | 251 419.0 | 138.3 | 329.3 110109 5005
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Frodingham sections

|
pr¥y
1y ! h
re—=>] d
e |
I “1
Section b h d t f; f, Area Mass I V4

kg/m?
mm | mm | mm | mm | mm | mm | cm¥m | kg/m | of wall | cm*m | cm¥m

1BXN 476 | 143 | 12.7 | 12.7 77 | 122 170 63.4 | 133.2 4947 692

1N 483 | 170 9.0 9.0 | 107 | 142 126 48.0 99.4 6072 714
2N 483 | 235 9.7 8.4 91 | 146 145 548 | 113.5 | 13641 1161
3NA 483 | 305 9.7 9.5 90 | 148 166 62.7 | 129.8 | 25710 | 1687
4N 483 | 330 | 14.0 | 104 75 | 128 218 82.7 | 171.2 | 39869 | 2415
5 426 | 311 | 171 | 11.9 87 | 119 302 101.0 | 237.1 | 49329 | 3171

Frodingham straight web sheet piles

\le,?
L 414 N
>
Section | b t Area | Mass | Mass | Mass | Ultimate | interlock | Coating | Coating Max
Single | per per per m | strength area area | deviation
Pile m of | m? of of per pile | perm angle
pile pile | junction | S270GP | S355GP wall
mm | mm | cm? | kg/m | kg/m? | kg/m t/m t/m m¥m | m?m? | degrees
SW1A [ 414|127 | 81 63.5 | 163.7 | 95.2 285 384 1.00 2.41 6
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Box sheet piles

Weld

Weld

Larssen Frodingham

Larssen box piles

Section Section modulus cm?®

XX axis cm® YY axis cm®
LX25 3424 3257
LX32 4377 3544
LX38 5271 4374
6-42 4920 3902

Frodingham 4N box piles

Section Section modulus cm?®

Plated box Double box

Frod 4N 2662 5805
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High modulus piles
Frodingham high modulus piles
Fredingham section
steel sheet piling
J ’
Universal beam
Universal beam Centres of Mass Combined Elastic
UBs moment of section
inertia modulus
Serial size Mass mm kg/m kg/m? cm*/m cm®/m
mm kg/m
533 x 210 101 966 267 276 259478 4832
610 x 305 147 966 314 326 397108 7198
762 x 267 176 966 338 350 584576 9026
838 x 292 194 966 359 372 732365 10621
914 x 305 253 966 419 433 1005797 14254
914 x 419* 388 966 522 540 1353126 21435

* Denotes beam section with one flange reduced to 310 mm to facilitate fabrication.
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Larssen LX20 high modulus piles

r

Continuous
ill &t weld

e "\_Larssen sheet piles

Universal beam Centres of Mass Combined Elastic
UBs moment of section
inertia modulus
Serial size Mass mm kg/m kg/m? cm*/m cm’/m
mm kg/m
686 x 254 125 1200 208.4 243.0 200426 3945
762 x 267 147 1200 230.1 261.1 267505 4918
838 x 292 176 1200 259.1 285.3 363085 6273
914 x 305 253 1200 336.6 349.8 558248 9453
1016 x 305 222 1200 305.2 323.7 555491 8673
1016 x 305 487 1200 570.2 544.5 1132123 16938
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Ultimate load capacity (kN/m?) for floor plates simply supported on two edges stressed to 275 N/mm?

Thickness Span {(mm)
on plain
mm 600 800 1000 | 1200 | 1400 | 1800 | 1800 | 2000
4.5 20.48 111.62 7.45 5.17 3.80 2.95 2.28 1.87
8.0 36.77 |20.68 [13.28 9.20 6.73 5.20 4,07 3.30
8.0 65.40 |36.87 |23.48 [16.38 |11.97 9.23 7.23 5.93
10.0 102.03 |57.42 3667 |2555 |18.70 1445 {11.30 9.25
12.5 159.70 [89.85 |57.40 |39.98 {2927 |22.62 |17.68 |14.50

Stiffeners should be Lsed for spans in excess of 1100 mm to avoid excessive deflections.

Uitimate load capacity (kN/m?) for floor plates simply supported on all four edges stressed to
275 Nfmm?(Values obtained using Pounder’s formula allowing corners to lift)

Thickness Breadth Length (mm)
on plain B
mm mm 600 800 1000 | 1200 | 1400 | 1600 | 1800 | 2000
4.5 800 349 255 227 | 21.7 | 212 | 21.0 | 208 | 208
800 19.6 15.1 13.4 | 126 | 122 | 120 | 11.8
1000 12.6 | 10.0 8.8 8.3 7.9 7.7
1200 8.7 71 6.3 5.9 5.6
1400 6.4 5.3 4.8 4.4
1600 4.9 4.1 3.7
1800 3.8 3.3
8.0 600 62.1 45.3 40.4 | 385 | 377 | 373 | 37.0 | 36.9
800 34.9 26.8 | 237 | 223 | 21.7 | 21.3 | 211
1000 224 | 17.8 | 158 | 148 | 142 | 13.9
1200 155 | 127 | 1.3 | 106 | 101
1400 1.4 9.5 85 7.9
1600 8.7 7.4 6.7
1800 6.9 5.9
8.0 600 o 80.6 711 | 684 | 670 | 66,2 | 658 | 656
800 62.1 47.7 | 422 1 39.7 | 385 | 378 | 374
1000 39.7 | 31.7 | 281 | 26.2 | 252 | 24.6
1200 276 | 226 | 201 18.8 | 17.9
1400 203 [ 17.0 [ 152 | 141
1800 155 | 13.3 | 11.9
1800 123 | 10.6
10.0 600 172 | 128° 112* | 107* | 106" | 103" | 103" | 103°
800 97.0 745 | 659 | 621 | 80.1 | 59.1 | 585
1000 621 | 495 | 439 | 41.0 | 39.4 | 385
1200 431 [ 354 | 315 | 283 | 28.0
1400 317 | 266 | 238 | 221
1600 243 | 207 | 18.6
1800 19.2 | 16.6
125 800 269* | 197* 175* | 167* | 163* | 162" | 161" | 160"
800 152 116* | 103 | 97.0* | 94.0* | 92.3* | 91.4"
1000 97.0 | 774 | 885 | 641 | 61.6 | 601
1200 67.4 | 55.3 | 49.2 | 45.8 | 438
1400 495 | 415 | 37.1 | 345
1600 379 | 324 | 291
1800 29.9 | 25.9
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Ultimate load capacity (kN/m?) for floor plates fixed on all four edges stressed 1o 275 N/mm?

Thickness | Breadth Length {mm})
on plain B
mm mm 600 800 1000 | 1200 | 1400 | 1600 | 1800 | 2000
4.5 600 477 | 36.8* | 335" | 322" | 31.6" | 31.4" | 312" | 3.1”
800 26.8 215" | 19.5" | 186" [ 18.1* | 17.9* | 17.7"
1000 17.2° | 142" ; 12.9* | 122" | 11.8" | 11.6"
1200 1.9 101 9.1 8.6 8.3
1400 8.7 7.5 6.9 6.5
1600 6.7 5.8 5.3
1800 53 4.7
6.0 600 B4.8* | 654 | 59.5° | 57.3" | 56.2* | 55.7° | 55.5" | §5.3"
800 47.7* 38.3" | 34.7" | 33.1* | 32.2* | 31.7" | 31.5°
1000 30.5" | 25.3° | 229" | 21.7" | 21.0" | 20.6"
1200 21.2* | 18.0" ; 16.3" | 15.4* | 149"
1400 15.6" | 13.4* | 123" | 11.6
1600 1.9 | 10.4 9.5
1800 9.4 8.3
8.0 600 151* 116* | 106° | 102°| 100" | 99.1" | 98.6" | 98.3"
800 681" | 61.7° | 58.8" | 67.3" | 564" | 65.9°
1000 543" | 44.9° | 40.7" | 38.6" | 374" | 36.7
1200 37.7* | 31.9* | 29.0* | 27.4* | 26.5*
1400 27.77 | 23.9" | 21.8° | 20.6"
1600 21.2* | 18.8" | 17.0¢
1800 16.9" | 14.8°
10.0 600 236" 182* 165* 1 159 | 156 | 155" | 154" | 154"
800 132* 106 | 96.4" | 91.8° | 895" | 88.2" | 87.4°
1000 84.8* | 70.2* | 63,7 | 60.3" | 58.4" | 57.3°
1200 58.9" | 49.9* | 454" | 42,9 | 41.3"
1400 433" ] 37.3" | 344" | 2.2
1600 33.1" | 29.0" | 26.6"
1800 26.2* | 23.2*
125 600 368" 284 258* | 249* [ 244 | 242 | 2417 | 240"
800 207* 166° | 151" | 144° | 140* | 138 | 137"
1000 132* | 110* | 99.5* | 94.2" | 91.2* | 89.5"
1200 92.0* | 77.9" | 70.9* | 67.0" | 64.8"
1400 67.6* | 58.3" | 53.3" | 503"
1600 51.8" | 45.3" ] 41.6"
1800 40.9" | 36.2°

Note on tables:

Values without an asterisk cause deflection greater than B/100 at serviceability, assuming that

the only dead load present is due to self-weight.
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Fire resistance

STEELWORK IN FIRE
INFORMATION SHEET

This series of information sheets is intended to illustrate metheds of achieving fire resistance in steel structures.
It should not be used for design without consulting detailed design guidance referenced below.

SPRAYED PROTECTION

METHOD

Fire protective insulation can be applied by
spraying to aimost any type of steel member. Most
products can achieve up to 4 hours rating.

PRINCIPLE

Insulation reduces the heating rate of a steel
member so that its imiting temperature is not
exceaded for the required fire resistance period.
The protection material thickness necassary
depends on the secticn factor {(Hp/A) of the
member and the fire rating required.

UP TO 4 HRS

ADVANTAGES

a) Low cost

b} Rapid application

¢) Easy to cover complex details

d} Often applied to non-primed steghwork

g) Some products may be suitable for external
use

LIMITATIONS (check with manufacturer)

a) Appearance may be inadeguata for visitle
members

b) Overspray may need masking or shielding

o) Primer, if used, must be compatitle

FOR MORE DETAILED INFORMATION SEE:-
“Fire protection of Structural Steel in Building™
Published jointly by:

ASFP - (01252 336318) and

The Steel Construction Institute - (01344 23345)

Sheet Code
ISF/No.01
January 1997
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PROTECTION THICKNESS

Thickness recommendations given in “Fire
Protection of Structural Steel in Building” have
ncrmally been derived from fire tests on orthodox
H or I rolled secticns. For cther sections the
recommended thickness for a given section
factor and fire rating should be modified as

follows:
CASTELLATED SECTIONS HOLLOW SECTIONS
The thickness of fire protection material on a For spray applied fire protection materials the

castellated section should be 20% greater than  recemmended thickness {t) should be increased
that required for the section from which it was cut.  as follows

For section factor (Hp/A) less than 250
modified thickness = t [1+{Hp/A) / 1000]

For section factor (Hp/A) 250 or over
modified thickness = 1.25 x t
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STEELWORK IN FIRE
INFORMATION SHEET

This series of informaticn sheets is intended to illustrate methods of achieving fire resistance in steel structures.
it should not be used for design without consulting detailed design guidance referenced below.

BOARD PROTECTION

METHOD

Fire protective insulation can be applied by
fixing boards to almost any type of steel membear.
Mast products can achieve up to 4 hour rating.
Fixing methods vary.

PRINCIPLE

Insulation reduces the heating rate of a steel
member so that its imiting temperature is nct
axceeded during the required fire resistance
period. The protection board thickness necessary
depends on the section factor (Hp/A) of the
member and the fire rating required.

| UP TO 4 HRS

ADVANTAGES

a) Boxed appearance suitable for visible
members

b} Clean dry fixing

¢) Factory manufactured, guaranteed thickness

d} Citen applied to non-primed steehwork

e} Some products may be suitable for extarnal
use

LIMITATIONS (check with manufacturer)

a) Require fitting arcund complex details

b} May be more expensive and sfower to fix
than sprays

FOR MORE DETAILED INFCRMATION SEE:-

“Fire protection of Structural Steel in Building”
Publication jointly by:

ASFP - (01252 336318} and

The Steel Construction Institute - (01344 23345}

Sheet Code
ISF/No.02
January 1997
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PROTECTION THICKNESS

Thickness recommendaticns given in “Fire
Prctection of Structural Steel in Building” have
normally been derived from fire tests on orthodox
H or 1 rolled sections. Far other sections the
recommended thickness for a given section
factor and fire rating should be medified as
follows.

CASTELLATED SECTIONS

The thickness of fire protection material on a
castelated section should be 20% greater than
that required for the section from which it was cut.
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STEELWORK IN FIRE
INFORMATION SHEET

This series of information sheets is intended to llustrate methods of achieving fire resistance in steel structures.
1t should not be used for design without consulting detailed design guidance referenced below.

THIN FILM INTUMESCENT
COATINGS

METHOD

Most thin film intumescent coatings can be
applied by spray, brush or roller and can achisve
up to 1 hour fire resistance on fully exposed steel
members. Some products can achieve up to 2
hours fire resistance on some section sizes.

PRINCIPLE

Insulation is created by swellng of the coating
at elevaied temperatures to generate a foam lke
char. This reduces the heating rate so ihat the
limiting temperature of the steel member is not
exceeded during the required fire resistance
period. The coating thickness necessary
depends on the section factor (Hp/A) and the fire
rating required.

UP TO 2 HRS

Thin film of
intumescent coating

ADVANTAGES

a) Dacorative finish

b} Rapid application

¢) Easy 1o cover complex defails

d) Easy post protection fixings to steglwork
eg service hangers

LIMITATIONS (check with manufacturer)

a) May ke suitable for dry intermal
environments only

b} May be more expensive than sprayed
insulation

c) May require blast cleaned surface and
compatible primer

FOR MORE DETAILED INFORMATION SEE:-

"Fire protection of Structural Steel in Building”
Publication jointly by:

ASFP - (01252 336318) and

The Steel Construction Institute - (01344 23345)

Sheet Code
ISF/No.03
January 1997




PROTECTION THICKNESS

Thickness recommendations given in “Fire
Protection of Structural Steel in Building” have
normally been derived from fire tests on orthodox
H or I rolled sections. For other sections the
recommended thickness for a given section
fagtor and fire rating should be moedified as
follows:

CASTELLATED SECTIONS

The thickness of fire protection material on a
castellated secticn should be 20% greater than that
required for the section from which it was cut.

Fire resistance

HOLLOW SECTIONS

For intumescent materials applied to hollow
sections the manufacturers should have caried
out separate tests and appraisal

1287
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Fire resistance

STEELWORK IN FIRE
INFORMATION SHEET

This series of infermation sheets is intended to illustrate metheds of achieving fire resistance in steel structures.
It should not be used for design without consulting detailed design guidance referenced below.

BLOCK - FILLED COLUMNS

METHOD

Unprotected universal sections with section
factors up to 69m™ (see overleah can attain 30
minutes firg resistance by fitting autoclaved
aerated concrete blocks between the flanges
tied to the web at approximately 1m intervals

PRINCIPLE

Partial exposure of steel members affects fire
resistance in two ways-

Firstly the reduction of exposed surface area
reciuces the rate of heating by radiation and thus
increases the time to reach fallure temperature.

Secondary, if the exposure creates both hot
and cold regions in the cross section, plastic
vielding occurs in the hot region and lead is
transferred to the stronger cocler region. Thus a
non-uniformly heated section has a higher fire
resistance than one heated evenly.

| 30 MINUTES

My toclaved asrated

concrete blocks

Unprotected
column flanges

i
i
i
[

ADVANTAGES

a) Reduced cost - compared with total
encasement with insulation

b} More siender finishaed columns occupy less
flocr space

¢) Good durability - high resistance to impact
and abrasion damage

LIMITATIONS

With unprotected steel the method is imited
to 30 minutes fire rating.

When higher ratings are required exposed
steel must be treated with the full insulation or
intumescent coating thickness recommended for
the higher rating.

This method shouid not be used when the
blockwork also forms a separating wall. In this
case the column will be heated on one side only
and thermal bowing may cause the wall to crack
or collapse. In such cases the flange(s) should be
protected. Aiernatively, if the limit of wall
deformation is known, the bowing can be
calculated to ensure no integrity failure.

FOR MORE DETAILED INFORMATION SEE:-

BRE digest 317, Building Research Establishment,
Garston, Watford WD2 78R
Telephone 01923 894040

Sheet Code
ISF/No.04
January 1997



METHODS OF ACHIEVING 30 MINUTES FIRE RESISTANCE

Fire resistance

COLUMN SECTION - AXIALLY LOADED "' FREE STANDING

SERIAL SIZE MASS/METRE PROTECTION METHOD
mm kg RECOMMENDED
305 x 406 393 and over No fire protection required
356 x 406 340 and under
305 x 305 All we!ghts Block filling with autoclaved
254 x 254 All weights aerated concrete blocks
203 x 203 52 and over
203 x 203 461
Apply fire protection
152 x 203 Al welghts material as per manufacturer's

recommendations

BEAM SECTIONS ACTING AS PORTAL FRAME STANCHIONS ™

914 x 419 Alf weights

914 x 305 289 No fire protection required
*610 x 305 238

*o14 x 305 252 and under

838 x 292 All weights

762 x 267 All weights

686 x 254 All weights

*610 x 305 179 and under

610 x 229 All weights

533 x 210 All weights Block filling with autociaved
457 x 191 All weights aerated concrete blocks
457 x 152 60 and over

406 x 178 60 and over

356 x 171 57 and over

305 x 165 54

305 x 127 48

254 x146 43

Other beam sizes

Apply fire protection
material as per manufacturer’'s
recommendations

Notes:

1) This table applies to sections designed to BS 5950: Part 1:1990 provided the load factor (vf) does not exceed 1.5

2) To achigve 30 min fire resistance, a 203 x 203 x 46 kyg/m column with blocked in webs should be loaded only
up tc 80% of the maximum allowable per BS 449:Part 2:1969 or BS 5850:Part 1:1990
*3) The table revises BRE Digest 317 {1986) in accordance with BS 5850:Part 8:1930
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STEELWORK IN FIRE
INFORMATION SHEET

This series of infermation sheets is intended to illustrate methods of achieving fire resistance in steel structures.
It should not be used for design without consulting detailed design guidance referenced below.

CONCRETE FILLED HOLLOW COLUMNS

METHOD

Unprotected square or rectangular hollow
sections can attain up to 120 minutes fire
resistance by filling with plain, filore reinforced or
bar reinforced concrete.

PRINCIPLE

Heat flows through the steel wall into the
concrete core which being a poor conductor
heats up slowly.
As the temperature increases the steel vield
strength reduces and the load is progressively
transferred into the concrete core.

The steel acts as a restraint to the concrete
preventing spalling and hence the rate of
degradation of the concrete.

UP TO 2 HRS

ADVANTAGES

g Sleel acts as a permanent shuttering

b) More slender finished columns ocoupy less
fioor space

c) Good durability - high resistance to impact
and abrasion damage

LIMITATIONS

a) A minimum column size of 140mm x 140mm
or 100mm x 200mm is required for plain or
fibre reinforced sections.

b} A minimum golumn size of 200mm x 200mm.
or 150mm x 250mm is required for bar
reinforced sections.

¢) CHS columns are not included due to
insufficient data at present.

FOR MORE DETAILED INFORMATION SEE:-
BS 5850 Part 8

Concrete filled column design manual TD 296 from

British Steel Tubes & Pipes - {61536 404005)

Sheet Code
ISF/No.05
January 1997




Hp/A

CONCRETE FILLED

RECTANGULAR HOLLOW
SECTIONS

The fire resistance of externally unprotected
concrete filled hollow sections is dependent on
three main variables.

* The concrete strength selected
* The ratic of axial load and moment
* The addition of fibre or bar reinforcement

Fibre reinforcement will enhance the core axial
capacity yet retain the advantage of filing into a
section without obstructions.

Bar reinforcement wil enhance the moment
capacity.

300

250

100

0 10 20 30 40 50

Permissible reduction in
protection thickness (%)

N¢
0.83 K. Ac. fcu

Fire resistance 1291

CONCRETE STRENGTH

The core capacity and hence its fire resistance
is directly related to the concrete strength
selected.

AXIAL LOAD AND MOMENT

Plzin concrete does not perform well in
tension and when subject to axial load and
moement it is necessary to produce a resultant
comprassive stress in the core.

COMBINED PROTECTION

As an alternative the concrete filled section

can be deigned for fulf factored loads and
provided with external fire protection.
The thickness of the external fire protection 15
assessed as far for an unfiled section, and, due
to the effect of the core, the thickness can he
reduced.

1.0

o
o

e
-3

0.4

30 60 20

Fire rating (minutes)
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STEELWORK IN FIRE
INFORMATION SHEET

This series of information sheets is intended to illustrate methods of achieving fire resistance in steel structures.
It should not be used for design without consulting detailed design guidance referenced below,

COMPOSITE SLABS WITH PROFILED METAL DECK UP TO 2 HRS

WITH UNFILLED VOIDS

Voids may be left unfilled

METHOD ADVANTAGES
In composite construction using profiled a) Saving in time on site
metal deck floors it is unnecessary to fill the deck b} Saving in cost for filling voids
voids above the top flange for any fire resistance ¢} It is unnecessary to build up the full thickness
period using dovetail deck, cr up to 80 minutes of protection on toes of upper flange
using trapezoidal deck (see overleaf) di Void filling is unnecessary when using
dovetail deck
PRINCIPLE
In a composite beamyslab member the neutral LIMITATIONS
axis in hending lies in, or close to, the beam top Voids must be filed where:-
flange. Thus the top flange makes littls significant a) Trapezoidal deck is used for fire ratings
contribution to the structural behaviour of the over 90 minutes
total composite system and it's temperature can i) Trapezoidal deck is used in non-composite
be allowed to increase with [ttle detriment to construction
performance in fire. <) Any type of deck crosses a fire separating
wall
FOR MORE DETAILED INFORMATION SEE:- Sheet Code
Technical Report 109 ISF/No.06
“Fire resistance of composite beams” January 1997

The British Steel Construction Institute - (01344 23345)



COMPOSITE BEAMS - UNFILLED VOIDS

Fire resistance

TRAPEZQIDAL DECK /_U_\_A_/_T
N " Fire Resistance (minutes}
Construction (l;lreBProtectlon
n Beam Up to 60 a0 Over 90
BOARD No Increase Increase thickness™ Fill voids
or SPRAY in thickness* by 10%
(or use thickness*
appropriate to beam
Hp/A + 15%
whichever is less)
Composite
Beams
INTUMESCENT Increase thickness* | Increase thickness* Fill voids
by 20% by 30%
{or use thickness* {or use thickness*
appropriate to appropriate to
beam Hp/A + 30% heam Hp/A + 50%
whichever is less) whichever is less)
Non-
Composite All types Fill voids
Beams
DOVETAIL DECK \ j \ f
Construction Fire Protection Fire Resistance (minutes)
On Beam
Composite or WVoids may be left unfilled for all fire
Non-composite | All Types . -
resistance periods.
Beams

* Thickness is the board, spray or intumescent thickness given for 30, 60 or 20 minutes rating in
“Fire Protection for Structural Steel in Buildings” published by ASFP (01252 336318) and
The Steel Construction Institute (01344 23345}
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STEELWORK IN FIRE
INFORMATION SHEET

This series of infarmation sheets is intended to illustrate methods of achieving fire resistance in steel structures.
It should not be used for design without consulting detailed design guidance referenced below.

COMPOSITE SLABS WITH PROFILED METAL DECK

METHOD

Fire resistance of composite slabs up to 90
mins can be achieved using normal A142 mesh
reinforcement. This can be increased to 120
ming if heavier mesh is used and the slab depth
increased {ses averleaf).

Cther cases outside the limit overleaf can be
evaluated by the “Fire Engineering Method” (See
below)

PRINCIPLE

Mesh reinfercement, which is not designed
10 act structurally under normal conditicns,
makes a significant contribution to structural
continuity in fire.

UP TO 2 HRS

e e g Tt Bl ST T
Hagod, goo'oégﬁﬂoﬁo IO SRS S
TR D g )

Slab depth

Slat depth

DOVETAIL DECK

ADVANTAGES

a) Standard mesh, without additional reinforcing
bars, may be used

I} No fire protection is required on the deck scffit

LIMITATIONS

a) Applies only to slabs designed to BS5950
Part 4

) Mesh overlaps should exceed 50 times bar
diameters

¢} Mesh bar ductility should exceed 12%
elongation in tension {to BS 44489)

d} Mesh should lie between 20 & 45mm from
slab upper surface

8) Imposed load should not exceed 6.7kN/m?
{inclucing finishes)

FOR MORE DETAILED INFORMATION SEE:-
SCi Technical Report 056

“Fire resistance of composite floors with steel decking™.
The Steel Construction Institute - (01344 23345) and
CIRIA Special publication 42 CIRIA {0171 222 8891)

Sheet Code
ISF/No.07
January 1997



FIRE RESISTANT COMPOSITE SLABS

Fire resistance

TRAPEZOIDAL DECK M
Minimum Dimensions
Maximum Fire .
Span (m) Rating {h) thst:ceet Slab depth (mm) Mesh Size
ickness nwe @ Lwe @
2.7 1 0.8 130 120 Al42
3.0 1 0.9 130 120 Al42
1.5 0.9 140 130 Al142
2 0.9 155 140 A193
3.6 1 1.0 130 120 A193
1.5 1.2 140 130 A193
2 1.2 155 140 A252
DOVETAIL DECK \ ﬂ I51rnrn max \ f
Minimum Dimensions
Maximum Fire .
Span {(m} | Rating (h) th_Sl?(eet Slab depth (mm) Mesh Size
ickness NwG @ Lwe @

05 1 0.8 100 100 A142
" 1.5 0.8 110 105 Al142
3.0 1 0.8 120 110 Al42
1.5 0.9 130 120 A142
2 0.9 140 130 A193
3.6 1 1.0 125 120 A193
1.5 1.2 135 125 A193
2 1.2 145 130 A252

1) Imposed load not exceeding SkN/M? - (+ 1.7kN/m? ceiling and services)

2) NWC = Normal weight concrete
3) LWC = Light weight concrete

NQTE: Minimum slab depths given in BS 5950 part 8 are 1o safety the insulation criterion anly. Figures given in the table above

incarporate a strength criterion afso and thus may exceed the minimum depth given in the code.
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STEELWORK IN FIRE
INFORMATION SHEET

This series of infermation sheets is intended te illustrate methods of achieving fire resistance in steel structures.
It should not be used for design without censulting detailed design guidance referenced below.

SLIMDEK BEAMS | UP TO 1 HOUR UNPROTECTED
WITH DEEP DECK

METHOD

The SUMDEK system consists of an - Clear service runs.
asymmetric beam, with a narrow upper flange
and a 225mm deep deck positioned on the - Reduced construction runs and building
outstand of the lower flange. The floor is formed heights.
from in-situ applied concrete. This arrangement,
shown above, can be designed 1o provide 60 - Sernvices can be passed through prepared
minutes fire resistance in most cases without apenings in the rib of the decking to further
the need for applied fire protection. reduce floor depth.
PRINCIPLE

LIMITATIONS

The secticn is protected form the effects of } )
fire by the insulating concrete floor. Thus only a) For fire resistance periods greater than 60
the bottom flange is directly exposed in fire. mlnute;, the exposed lower flange requires fire
Cornpesite action, which develops as a protestion.
consequence of the raised pattern on the upper
flange compensates for much of the loss of

strength in the steel at high temperatures bj Where holes are cut in the beam to allow

senvices to pass through, the exposed bottom

ADVANTAGES flange will generally raquire fire protection.

- Fire resistance periods of 60 minutes can be
achieved in mest instances without any
restrictions in loadings.

- Flat slab construction.

"SLIMDEK is a Registered Trade Mark of British Steel plc.

FOR MORE DETAILED INFORMATION SEE:- Sheet Code
SCI Publication 175 “Design of Asymmetric Slimflor Beams ISF/No.9
using Deep Composite Decking” April 1997

Ths Steel Construction Institute (01344 23345)
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Table 1

Summary of recommendations

Fire Design Type
Resistance
{ Minutes ) Without holes or action With service holes
30 Minutes No protection required No protection required
No protection required
60 Minutes in most circumstances Protect bottom flange
(see table 2}
Greater than 60 Protect bottom flange

Load table for ASB beams for 60 minutes fire resistance (Concrete grade 30, steel grade S355)

Section Span of Beam Effective width Moment Moment Maximum
{mm) of slab {mm} resist: at ist at fire Load Ratio
ultimate limit | resistance of 60
state {KNm} mins, (kNm)
_ 5500 688 554 257 0.48
280 ASB 100 6000 750 562 258 0.47
8500 813 570 280 0.47
5500 6688 | 726 376 0.52
6000 750 736 378 0.51
280 ASB 136 6500 813 745 381 0.51
7000 875 | 754 383 0.51
6000 750 870 472 0.51
6500 813 880 475 0.54
300 ASB 153
7000 875 B90 478 0.54
7500 938 | 900 481 0.54
300 ASB 153 6000 750 835 440 0.53
{stab flush with 8500 813 842 442 0.53
top flange, and
iightweigat 7000 B75 849 443 0.52
concrete used) 7500 938 856 445 0.52
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Fire resistance

STEELWORK IN FIRE
INFORMATION SHEET

This series of information sheets is intended to illustrate methods of achieving fire resistance in sieel structures.
it should not be used for design without consulting detailed design guidance referenced below.

SHELF ANGLE FLOOR BEAMS

METHOD

Shelf Angle Floor Beams consist of Universal
Beams with angles baited or welded to the
web. The floor is formed from concrete floor
slabs which sit on the outstand of the angle.
The gap between the web and the floor slab is
filled with grout or concrete to ensure that an
effective heat sink is created around the section.
This arrangement can be designed to provide
30 or 80 minutes firg resistance in many cases
without the need for applied fire protection.

PRINCIPLE

The section is partly protected from the
effects of fire by the insulating concrete floor and
infill. Thus only part of the web and the bottom
flange is exposed to the firs. The angles, which
are ignored in cold design, are considered in fire
and provide additional capacity. As the angles
are placed further down the web, the insulated
area, and thus the fire resistance is increased.
Where fire protection is reguired, the reduced
exposed perimeter leads in turn to reduced fire
protection thicknesses.

| UP TO 1 HOUR UNPROTECTED

Concrete
floar slab

ADVANTAGES

Fire resistance pericds of 30 minutes can be
achieved in most cases without fire protection
to the exposed web and bottem flange.

Fire resistance periods of 60 minutes can be
achieved in some instances depending on the
load and the exposed area of the beam.

Reduced construction runs and building height

Where the exposed steelwork requires fire
protection, reduced thicknesses are possible

LIMITATIONS
a) The angle must be 125 x 75 x 12 Grade 5355,

short leg attached vertically to the beam as
shown overleaf.

b} For 80 minutes fire resistance at high loads, the

recuired depth of floor slab may be unavailable
Or UNeconcmic.

¢) For fire resistance periods over 80 minutes, fire

protection to the exposed perimeter will always
be necessary.

FOR MORE DETAILED INFORMATION SEE:-

SCI Publication 126 “The Fire Resistance of Shelf Angle
Floor Beams to BS5950 Part 8" The Steel Construction Institute

{01344 23345)

Sheet Code
ISF/No.10
April 1997
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Typical recommendations for fire resistance of Shell Angle Floor Beams, taken from the Steel
Construction Institute publication, are given in Table 1. These can be expanded to take into
account cther grades of steel and fire resistance pericds. The allowable angle connection force
must also be considered.

m ——

Fire Resistance 60 minutes -HF

Beam Grade §355
Angle Grade $355

| H{mm)}, Position of angle below top of beam for load ratio! of

Section Size Mp (KNm) 04 | 045 | 05 | 055 | 06 | 0.66 | 0.7
305 x 102 x 25 UB 120 129 144 158 172 184 196 208
305 x 102 x 28 UB 145 137 152 167 180 193 205 217
305 x 102 x 33 UB 170 144 169 174 188 201 214 227
305 x 127 x 37 UB 192 145 160 174 188 202 209 222
305 x 127 x 42 UB 217 150 166 18t 198 207 216 230
305 x 127 x 48 UB 251 158 174 190 206 212 227 235

Load Ratio is defined in BS5950 Part 8 is the ratio of the load at the frre limit state to the cold
capacity of the section.
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STEELWORK IN FIRE
INFORMATION SHEET

This series of information sheets is intended to illustrate methods of achieving fire resistance in steel structures.
It should not ke used for design without consulting detailed design guidance referenced below.

WEB INFILLED
COLUMNS

UP TO 1 HOUR
UNPROTECTED

METHOD

Shear connectors are shot fired or welded to
the web of the column. A web stiffening plate is
welded to the column below the connection
70N to contain the concrete. The area below
the stiffener and between the flanges is then
filled with concrete.

PRINCIPLE

In cold design any beneficial effects of the
concrate are ignored. In fire however, as the
steel becomes hot, the load is transferred to the
concrete. Load fransfer is accommodated both
by the shear studs and the welded sliffener
plate. The unconcreted part of the column and
the connections are protected by the same
system used to protect the steel heam.

ADVANTAGES

- Fire resistance periods of 60 minutes can
be achieved in most cases without fire
protection to the exposed flanges.

- For higher periods of fire resistance reduced fire
protection thicknesses are required.

- The complate column can be constructed
off-site.

- The complete section takes up no space not
already occupied by the steel column.

LIMITATIONS

at The method should not be used where a high
specification is reguired and the column is
exposed,

b} Althcugh the system can be used in simple
construction where moments are relatively
small, it is not suitable for columns in moment
resisting frames.

¢t For fire resistance periods over 60 minutes, fire
protection to the exposed perimeter will
always be necessary.

d} The method can only be used for 203x203x46
UCs and above in size.

FOR MORE DETAILED INFORMATION SEE:-

SCI Publication 124 “The Fire Resistance of Web Infilled Steel Columns”

Ths Steel Construction Institute (01344 23345)

Sheet Code
ISF/No.11
April 1997



Fire resistance

Typical recommendations for fire resistance of Web inflled Goluming, taken from the Steel Construction

Institute publication, are given in Table 1

Fire Resistance 60 minutes

Column Grade §275

. . Moment Load Compressive Capacity (kN) at effective
Section Size Capacity (kNm} | Ratio’ lengths used for normal design

M., M, 2500mm | 3000mm | 3500mm| 4000mm | 4500mm

203 x 203 x 46 40.3 229 0.57 744 682 616 551 488
203 x 203 x 52 47.0 25.4 0.54 803 738 669 600 533
203 x 203 x 60 56.7 29.0 0.52 882 881 735 659 586
203 x 203 x 71 69.9 34.6 0.49 974 899 820 740 662

'oad Ratic is defined in BS5950 Part 8 as tha ratio of the load at the fire limit state to the cold
capacity of the section,

Mz, = the moment capacity in fire conditions for ending about the x - x axis.

Mg, = the moment capacity in fire concitions for bending about the y - y axis.
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. A
il Section factor
——— ! v
) ! Profile Box
Universal beams o 3 sides 4 sides 3 sides 4 sides
I R o N Do
e i j
N ! 1
|
: Depth | Width ) !
Designation of of Thickaess Area ' :
Serial Mass per | section ¢ section | Web [Flange| of | e !
size metre D B 1 T section
mm kg mm mm mm | mm cm? mt m mt m!
Yldx Ly 388 920.5 4203 L3 1 366 | 4944 &0 i) 45 53
343 911.4 418.5 19,41 320 | 4374 T B0 30 &0
Y14x 305 289 926.6 | T8 | 19.6] 32.0 | 3688 75 w0 0 63
253 Y18.3 3035 | 1734 279 228 45 95 65 75
23 | 9103 | 3030 1595239 | M52 hied 103 7% s
3 A3 3034 | 1520 302 | 2364 105 ] w0 et
2IBx 292 6 2509 2938 16,11 26,8 | 288.7 85 95 bl AN
194 340.7 W4 14771 21.7 471 1 115 30 k.l
176 834.9 916 14 W8 | 2241 11 125 %1 1M}
762 %267 197 769.6 268 156 [ 354 | 250.7 ] 100 k] a5
173 762 266.7 | 1437 2.6 | 2204 05 HE ) 95
147 7539 265.3 29| 17.5 ] 188.0 120 135 95 110
686 % 254 17¢ $92.9 255.8 | 145 23.7 | 2165 95 110 75 90
152 687.6 2545 {22200 1938 110 120 85 95
140 683.5 253.7 | 124 | 8.0 | 1786 113 130 H 105
125 677.9 253 L7 [ 162 | 1596 130 135 100 1135
630305 238 633 L5 (186 314 3037 iy 80 50 60
17% ai7.5 307 141|236 2279 bt 105 70 80
(49 609.6 304.83 | 1LY 197 | 191 e 125 80 95
§10x229 140 617 2301 [ 13| 2.1 | 1783 105 120 20 95
125 611.9 229 1.9 196 | 1595 115 130 90 105
113 407.3 2282 | 11.2 173 | 444 130 145 100+ 1a
10l 602.2 2276 | 106 148 1291 145 160 e 130
$33x210 122 544.6 2119 [128| 2.3 ] 1557 110 120 85 a5
109 539.5 210.7 1.6 1884 1385 120 135 95 110
101 536.7 210.1 10.9] 17.4 | 120.7 130 145 100 s
92 533.1 2093 10.2] 156 7.7 140 160 110 125
82 528.3 08.7 | 9.6 | 13.27 1044 155 175 120 140
A5Tx 191 o8 457 4 192.8 114|196 | 1252 120 135 90 05
89 463.8 192 1061177 | 1139 130 145 o 115
82 450 2 1913 { 9.9 ) 160 [ 104.5 140 160 105 125
74 457.2 190.5 | 9.1 | 145 | 2498 155 175 15 135
67 453.6 189.9 8.5[12.7 | 8544 i70 190 130 150
457x152 82 465.1 1535 | 10.7] 189 | 104.4 130 145 105 120
74 461.3 152.7 | 29[ 17.0 | 04.99 140 155 115 130
67 457.2 151.9 9.1 | 15.0 | B5.4¢ 155 175 125 145
60 4547 152.9 80 [ 133 7593 175 195 140 160
52 449.8 152.4 76| 109 | 8649 200 20 160 180
406% 178 74 412.8 179.7 $7] 16.0 | 94.95 140 160 105 125
&7 4R .4 178.8 88| 14.3 | 8549 155 175 115 14)
60 406.4 177.8 78| 128 | 76.01 175 195 130 155
54 402.6 1776 746|109 | 68.42 190 25 145 17
406 % 140 a6 402.3 142.4 59112 | 58.9% 205 230 160 185
39 397.3 141.8 63| 86 | 49.90 240 270 190 paii]
156x171 67 364 173.2 | 9.1 [ 187} 8542 140 160 105 128
57 358.6 172.1 8 1329 1 7218 165 190 125 145
51 1556 171.5 7.3| 1.5 ) 8438 185 210 135 165
45 3352 1n 69| 971 569 210 240 155 185
I56x 127 39 352.8 126 a5l 107 | 49.40 218 240 170 195
3 248.5 125.4 590 B3| 4183 250 280 193 225
5% 163 54 0.9 166.8 771 137 | e838 160 185 115 139
46 kLo 165.7 67 11.8 | 5890 185 210 130 160
40 303.8 165.1 61| W2 | 51.50 210 240 150 180
305%127 48 310.4 1252 | 99 [ 140 | 60.83 160 180 125 145
42 106.6 1243 B 2.1 5318 180 205 [E1] 6
L 03.8 1235 | 7.2 | W7 | 47.47 200 25 155 180
305x102 3 327 102.4 6.6 | 0.8 | 4L.77 215 2 175 200
28 308.9 e 6.1 891 3630 245 275 200 ns
25 304.8 1016 | 58| 68 339 85 315 225 260
254146 43 259.6 147.3 73| 127 s5.10 170 195 120 150
37 256 146.4 6.4 109 | 4745 195 225 140 {70
3 25L.5 1461 6.1 8.6 | 40,00 230 265 160 200
254102 28 260 4 102.1 64| 100 | 3619 20 250 170 200
25 257 101.9 6.1 84| 3217 245 280 190 225
22 254 1016 58| 68| 2842 275 35 215 250
203%133 n 168 1338 | 631 96| 3800 210 245 145 180
25 032 133.4 3.5 74| 323 40 285 165 210
203% 192 a3 3.2 101.6 52| 93 29 235 270 {75 210
178% 102 19 177.8 ol s 4.7 79 2412 263 305 190 230
152 %89 16 152.4 33.9 a6 7.7 s 270 3 1) 233
127 %76 13 127 6.2 4.2 7.6 16.8 78 32 195 240




Fire resistance 1303

: Section factor %‘1‘
A Profile Box
Universal columns b 3 ndes & sides 3 sides 4 sides
1
T
T
. Depth Width
Designation of of Thickness Aces
Serial Mass per | secuion | section | Web |Flange of
size meLre D B 1 T section

mm kg mm mm mm | mm em? m™ m" m™ m*
356 % 406 634 4747 4241 4716 | 7.0 { B0 25 30 15 20
551 4557 418.5 1420 | 67.5 | 701.8 30 35 20 25
467 436.6 412.4 359§ 58.0 | 35955 35 40 20 30
kLE) 419.1 407.0 | 30.6 ] 49.2 500.9 a0 45 25 35
340 6.4 4030 | 265} 429 | 4327 45 55 30 35
287 3917 399.0 | 22.6[ 26.5 366.0 50 65 a0 45
235 381.0 395.0 1B.5 | 30.2 | 299.8 65 75 40 50
356 x 368 202 3747 374.4 16,6 | 27.0 [ 257.9 70 BS 45 60
177 368.3 372.1 1451 23.8 | 225.7 80 95 30 &5
153 362.0 370.2 | 126 207 | 1952 90 110 55 75
129 355.6 368.3 10.7 | 17.5 164.9 105 130 65 %0
305 % 305 283 365.3 321.8 26.9 | 44.1 360.4 45 55 0 40
240 31526 317.9 | 23.0| 37.7 | 3056 50 60 35 45
198 339.9 314.1 19.2 | 31.4 | 252.3 60 75 40 50
158 Nz 3106 | 157 | 25.0) 201.2 75 50 50 1]
117 3205 308.7 13.8 | 21.7 174.6 85 105 55 70
118 314.5 306.8 11.9 | 18.7 149.8 100 120 B0 85
97 307.8 304.8 99| 154 1233 120 143 75 100
254% 254 167 28%.1 264.5 192 | 31.7 | 212.4 60 75 40 50
132 276.4 261.0 | 15.6| 253 167.7 75 90 50 65
107 2667 2583 | 120 | 20.5 1 136.6 o0 110 60 75

89 2604 255.9 10.5 1 172 L14.0 110 130 70
73 254.0 254.0 B.6 | 14.2 92.9 130 160 80 1314
203 x 201 86 2213 208.8 1201 20.5 LI Q5 110 &0 80
7l 2159 206.2 1031 17.3 91.1 110 135 70 95
60 2086 205.2 %3, 14.2 5.8 130 160 BD Lo
52 206.2 201.9 B0 12.5 66.4 150 180 95 125
46 2032 2032 73100 58.8 165 20 105 149
152152 » 161.8 154.4 B 115 47.4 1560 190 10¢ 135
30 157.5 152.9 661 9.4 38.2 195 235 120 160
23 152.4 152.4 6.1 6.8 29.8 245 300 155 205
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]
D !
—
/ !
Circular hollow | | Section Section
sections factor Am factor Au
vV Vv
' Profilc or Box Profiic or Box
Designation Mass Area - ad 3 ' : Designation Mass Area =y S r - «;
Ouiside | Thickness | per of ! HE ) Ouiside | Thickness per of I i |
dinmeter metre | section Mhoedd . K diameler metre | section | Vel ]
D 1 i 1 -
mm mm kg cm? m mm mm X8 cm? m™
213 32 1.43 1.82 370 244.5 6.3 37.0 a7.1 128
80 6.7 594 1
263 32 S 358 00 | 578 | B3 105
3133 26 1.99 1.54 415 125 715 91.1 85
a2 241 3.07 345 16.0 90.2 115 65
4.0 2.93 373 285 200 111 141 53
424 26 2.58 3.25 410
32 309 393 40 273.0 6.3 4.4 528 160
40 379 4.83 275 RO 523 66.6 130
a3 32 356 | 4.5 335 19.0 o9 | 826 103
12.5 80.3 02 85
10 4.37 5.57 270 150 101 1% b3
S e B 228 w0 | s | 55
60.3 3.2 4.5 5.74 330 250 153 195 45
40 5.55 7.07 270
5.0 6.82 .69 220 3239 6.3 49.3 62.9 160
76.1 3.2 5.75 7.33 325 8.0 623 79.4 130
20 ER 9.06 D6k 10.0 77.4 98.6 105
5.0 877 | 112 215 125 9.0 123 sg
#8.9 32 | 67 | ss2 a3 RS b
40 838 | 10.70 260 hi
s0 | w3 | iz 210 3.0 184 35 4
114.3 16 9.83 | 125 285 355.6 8.0 68.6 87.4 130
50 13.5 17.2 210 10.0 852 109 100
6.3 16.8 214 170 125 106 135 8s
135.7 50 16.6 212 205 160 134 171 bS
63 207 26.4 165 20.0 166 211 55
8.0 26.0 331 135 25.0 204 260 a5
100 20 07 Mo a6, 4 10.0 97.8 125 100
168.3 54 20,1 5.7 05 ' 125 12 155 80
6.3 252 37.1 165 6o 154 1% 84
8.0 36 403 130 06 1o1 23 =
10.0 39.0 9.7 105 250 218 300 i
193.7 5.0 213 29.6 205 120 295 376 35
g.g 29.1 a7l 165
. 36.6 46.7 130 4570 10.0 110 140 108
10.0 453 Lxixd 105 125 137 175 L
12.5 550 7.2 25 6.0 174 233 &5
6.0 0.1 80.3 0 W00 218 275 50
219.) 5.0 2.4 136 203 259 266 339 a0
6.3 33 42.1 165 320 335 417 38
80 a6 5310 130 400 Rl 524 28
w.a 5.6 85.7 105
125 €3.7 1.1 85 S08.0 10.0 173 156 100
16.0 0.1 102 63 12.5 153 195 0
20.0 9R.2 128 ) 160 154 247 65




Fire resistance

Section factor Am
= V
5 3 sides 4 sides
Rectangular
H D
hollow sections wlft| 4 “ 14 o
A | | \ o 1
H o o] !
. . H 1 H —! ' i
Designation Mass Area : : ) :
Size Thickness |  per of B ! e ’
Dx B t meire |} seclion
mm mm kg ¢m? m! m! m!
SUx25 25 N 147 360 290 430
30 an 4.10 305 245 Ins
32 341 43 290G 230 REN]
5030 25 292 372 380 395 430
30 345 4.40 295 250 305
32 3.66 4.66 250 235 343
4.0 4.46 5.68 23 195 280
50 540 6.8B8 190 16l 03
Gxa 25 371 4.3 340 45 425
30 4.39 5.60 2485 254 355
32 4.66 5.94 20 235 335
LR 572 7.28 220 190 75
5.4 ay? §.88 180 161 225
6.3 349 108 150 130 185
Birx W 3.4 5.34 6.80 s 235 355
32 567 7.22 215 224 3M)
4.0 097 5.88 225 80 20
5.0) 8.54 10y 185 145 20
63 s 133 £50 120 180
LX) 128 6.3 125 100 145
0% 50 30 0.28 800 20 240 s
34 7.46 9.50 240 200 2495
50 N 2.9 18 145 215
6.3 12.5 159 145 iz0 175
8.0 15.3 195 120 95 145
e 30 3u 6.75 -3 1 290 235 50
3.2 1.8 9.4 275 220 30
4.0 B.836 1.3 220 175 205
5.4 .y 139 (1) 143 15
6.3 134 17.1 145 (3] 175
8.0 16.6 21 120 95 40
100 % ) 3 1.22 9.20 285 241k 350
36 #.59 Wwe 240 200 295
340 1.7 4.9 175 150 215
6.3 14.4 x4 1400 124 175
80 1.8 27 15 95 I
120 % 6it l6 872 i24 240 195 2401
5.0 133 16.9 180 140 215
6.3 164 PR 145 135 170
8.0 4 259 115 w5 1481
120 8 St 14.8 184 170 15() 204
6.3 1%.4 234 135 120 174
BA 24 2.1 o G5 135
g 279 35.5 Wiy #l) 115
5= 1 5.4} 18.7 239 1h5 145 2H
6.3 238 207 i35 10 171
30 291 7 o us 135
0.0 357 45.5 Al 75 [ty
125 ale 555 el [ L1
1eUx B0 50 15.0 229 5 140 240
6.3 223 28.5 10 Lo 170
8.0 27y 355 135 9 135
10,0 342 435 A 15 10
12.5 416 530 75 al wl
200 100 50 27 289 175 140 21
63 281 5.0 130 1 165
B 354 45.1 110 90 135
1.0 416 555 Al T 1o
12,5 534 8.0 K] o) Wl
16.0 oh.d 815 ) 45 il
250% 150 63 K2 48.0 135 135 165
B0 HR.0 [N (114 9 HA)
1w 59.3 735 K3 15 1Y
12,5 730 $3.0 i o) 3
1600 1.5 17 53 45 7
UK 200 6.3 8.4 612 130 115 05
KAl LS T {115 hal 130
1 5.0 5.5 85 75 s
125 92.0 1E ki) o 83
164 1z 149 55 45 a5
AU 200 W %1 il S ] s
125 12 143 il 55 Ba
1.0 142 18] 55 45 a5
45X 250 . 1 136 us b ws
s 132 ToH H 55 ]
160 167 213 55 45 1%
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{ I ‘ ‘
Rectangular L Section Section
w ions v
hollow sections el factor Am factor Am
(square) ! V V
3 sides 4 sides 3 sides d sides
- R | .
Designation Mass Area ; Designation Mass Area :
Size Thickness per of ) Size Thickness per of ' .
D= T metre section | SRR R DxD t melre secuion | = ST
mm mm kg em? m m mm mm kg cm? m! m!
2% 20 20 112 142 325 365 120120 50 oL 2y 155 10
15 1.35 [l 350 63 a3 hulb ) 123 170
35x 7 N N 80 My 35 3 110 135
ol s s ] | e A I = I AN
30 204 ] 291 345 125 il h 33.0 0 90
1.2 ENE 1M 75 363 3
5 2 269 153 210
W30 1% 21 | am 3 40 130130 RO IO B 5 Tes
34 3l 120 280 375 0 39 | #1e 10 135
3.2 2.65 R 63 333 Tl 0y s13 N 1o
x40 23 292 3.72 325 130 125 o] £3.U 63 90
i 345 440 373 363
3.2 1.8 4.60 60 343 150 130 50 Hy 133 i1}
4.0 446 5.68 210 80 6.3 360 125 163
50 5.40 6.88 175 133 B0 151 100 135
0% 30 13 370 472 32 428 1.0 55.5 4 11
340 4.39 5.60 270 335 12.5 68,0 63 ko
31 466 594 255 335 5.0 545 55 0
40 572 72 | 203 273 .
5.4 6.97 8,58 170 228 180 [¥1) 6.3 436 125 163
6.3 249 | 108 140 185 8.0 3571_7 130 P'rs]
B0 3.0 s34 | sa0 | 263 355 100 61.5 u e
: 12.5 830 63 83
32 5.67 7.22 250 330 6 T 0 frd
3.0 8.97 .58 205 70 i
4 ; H 5
b B3 [ loo 63 =0 200300 63 | w2 | ews 135 163
6.3 05 133 135 140
20 178 163 i10 145 3.0 8.0 fl.1 L 130
' ' 0.0 393 755 80 s
0% 70 30 6,28 8.00 260 350 125 730 9 85 85
3.6 716 9.50 220 295 16.0 9i.5 n7 30 0
5.0 101 12.9 165 25
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Minimum thickness of a typical spray protection to an I-section

AnlV Dry thickness {(mm) to provide fire resistance of
up to
1 hour 1 hour 14 hours 2 hours 3 hours 4 hours
30 10 10 10 10 15 25
50 10 10 10 14 21 29
70 10 10 12 17 27 36
90 10 10 14 20 31 42
110 10 10 16 22 34 47
130 10 10 17 24 37 51
150 10 LA 18 25 40 54
170 10 12 19 27 42 57
190 10 12 20 28 44 59
210 10 13 21 29 a5
230 10 13 21 30 47
250 10 14 22 31 48
270 10 14 23 31 49
290 10 14 23 32 50
310 10 14 23 33 51

Linear interpotation is permissible between values of Hy/A
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Basic data on corrosion

Atmospheric corrosivity categories and examples of typical environments (ISO

12944 Part 2)

Mass loss per unit surface/thickness loss Examples of typical
(see Note 1) environments
in a temperate climate
(informative only)
Corrosivity Low-carbon steel Exterior Interior
category Thickness loss
and risk um
C1 <1.3 - Heated buildings with
very low clean atmospheres,
e.g. offices, shops,
schools, hotels
c2 >1.3-25 Atmospheres with low Unheated buildings where
low level of pollution. condensation may occur,
Mostly rural areas e.g. depots, sports halls
C3 >25-60 Urban and industrial Production rooms with
medium atmospheres, moderate high humidity and some
sulphur dioxide pollution. air pollution,
Coastal area with low e.g. food-processing
salinity plants, laundries,
breweries, dairies
C4 >50-80 Industrial areas and Chemical plants,
high coastal areas with swimming pools, coastal,
moderate salinity ship and boatyards
C5-l >80-200 Industrial areas with high Buildings or areas with
very high humidity and aggressive almost permanent
(industrial) atmosphere condensation and high
pollution
C5-M >80-200 Coastal and offshore Buildings or areas with
very high areas with high salinity almost permanent
(marine) condensation and with
high pollution

1. The thickness loss values are after the first year of exposure. Losses may reduce over subsequent

years.

2. The loss values used for the corrosivity categories are identical to those given in ISO 9223.
3. In coastal areas in hot, humid zones, the thickness losses can exceed the limits of category C5-M.
Special precautions must therefore be taken when selecting protective paint systems for structures in

such areas.

1um = 0.001mm
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SOME EXAMPLES OF DETAILING TO MINIMISE CORROSION
Details should be designed to enhance durability by avoiding water entrapment,
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British and European Standards covering the design and construction of
steelwork

A basic list of standards covering the design and construction of steelwork is given.

Loading

BS 5400 Steel concrete and composite bridges
Part 2: 1978 Specification for loads
Part 6: 1999 Specification for materials and workmanship, steel

BS 6399 Loading for buildings
Part 1: 1997 Code of practice for dead and imposed loads
Part 2: 1997 Code of practice for wind loads
Part 3: 1998 Code of practice for imposed roof loads

DD ENV 1991 Eurocode 1 Basis of design and actions on structures

DD ENV 1991-1: 1996 Basis of design

DD ENV 1991-2-2: 1996 Actions on structures exposed to fire (together with UK
NAD)

DD ENV 1991-2-3: 1996 Actions on structures — Snow loads

DD ENV 1991-2-4: 1997 Actions on structures — Wind actions (together with UK
NAD)

DD ENV 1991-2-6: 2000 Actions on structures — Actions during execution

DD ENV 1991-3: 2000 Traffic loads on bridges (together with UK NAD)

DD ENV 1991-4: 1996 Actions in silos and tanks

Design

BS 5400 Steel concrete and composite bridges
Part 3: 2000 Code of practice for design of steel bridges
Part 5: 1979 Code of practice for design of composite bridges
Part 9: 1983 Bridge bearings
Part 10: 1980 Code of practice for fatigue
Part 10c: 1999 Charts for classification of details for fatigue

BS 5427 Code of practice for the use of profiled sheet for roof and wall cladding
on buildings
Part 1: 1996 Design

BS 5950 Structural use of steelwork in building
Part 1: 2000 Code of practice for design in simple and continuous
construction — Hot rolled sections
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Part 3: Section 3.1: 1990 Design of simple and continuous composite
beams

Part 4: 1994 Code of practice for design of floors with profiled steel
sheeting

Part 5: 1998 Code of practice for design of cold-formed sections

Part 6: 1995 Code of practice for design of light gauge profiled steel
sheeting

Part 8: 1990 Code of practice for fire resistant design

Part 9: 1994 Code of practice for stressed skin design

ENV 1991 Eurocode 1 Basis of design and actions on structures

ENV 1991-2-7: 1998 Actions on structures — Accidental actions due to impact and
explosions

ENV 1991-5: 1998 Actions induced by cranes and other machinery

ENV 1993 Eurocode 3 Design of steel structures

ENV 1993-1-1: 1992 General rules and rules for buildings (together with UK
NAD)

ENV 1993-1-2: 2001 General rules — Structural fire design (together with UK
NAD)

ENV 1993-1-3: 2001 General rules — supplementary rules for cold formed thin
gauge members and sheeting (together with UK NAD)

ENV 1993 Eurocode 3 Design of steel structures

ENV 1993-1-6: 1999 General rules — Supplementary rules for shell structures
ENV 1993-1-7: 1999 General rules — Supplementary rules for planar plated struc-
tural elements with out of plane loading

ENV 1993-4-1: 1999 Silos, tanks and pipelines — Silos

ENV 1993-4-2: 1999 Silos, tanks and pipelines — Tanks

ENV 1993-4-3: 1999 Silos, tanks and pipelines — Pipelines

ENV 1994 Eurocode 4 Design of composite steel and concrete structures
ENV 1994-1-1: 1994 General rules and rules for buildings (together with UK
NAD)

ENV 1998 Eurocode 8 Design provisions for earthquake resistance of structures
ENV 1998-1-1: 1996 General rules — Seismic actions and general requirements for
structures

ENV 1998-1-2: 1996 General rules — General rules for buildings

ENV 1998-1-3: 1996 General rules — Specific rules for various materials and
elements

ENV 1998-1-4: 1996 General rules — Strengthening and repair of buildings

ENV 1998-2: 1996 Bridges

ENV 1998-4: 1999 Silos, tanks and pipelines

ENV 1998-5: 1996 Foundations, retaining structures and geotechnical aspects
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Steel fabrication and erection

BS 4604 Specification for the use of high strength friction grip bolts in structural
steelwork — Metric series
Part 1: 1970 General grade
Part 2: 1970 Higher grade (parallel shank)

BS 5400 Steel, concrete and composite bridges
Part 6: 1999 Specification for materials and workmanship, steel

BS 5950 Structural use of steelwork in building
Part 2: 1992 Specification for materials, fabrication and erection — Hot-
rolled sections
Part 7: 1992 Specification for materials and workmanship — Cold-formed
sections

ENV 1090 Execution of steel structures

ENV 1090-1: 1998 General rules and rules for buildings

ENV 1090-2: 1998 Supplementary rules for cold-formed thin gauge components
and sheeting

ENV 1090-3: 2000 Supplementary rules for high yield strength steels

ENV 1090-4: 2000 Supplementary rules for hollow section structures

ENV 1090-6: 2000 Supplementary rules for stainless steel

Foundations and piling

BS 4 Part 1: 1993 Structural steel sections — Specification for hot-rolled sections
BS 449  Specification for the use of structural steel in building
Part 2: 1969 Metric units

BS 5400: Steel concrete and composite bridges
Part 1: 1988 General statement

BS 5493: 1977 Code of practice for protective coating of iron and steel structures
against corrosion

BS 5950 Structural use of steelwork in building
BS 5950-1: 2000 Code of practice for design in simple and continuous construc-
tion — Hot-rolled sections

BS 8002: 1994 Code of practice for earth-retaining systems
BS 8004: 1986 Code of practice for foundations

BS 8081: 1989 Code of practice for ground anchorages

BS EN 10248 Hot-rolled sheet piling of non alloy steels
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BS EN 20149 Cold-formed sheet piling of non alloy steels

BS EN 12063: 1999 Execution of special geotechnical work — Sheet pile walls

Structural steel

BS 970 Specification for wrought steels for mechanical and allied engineering
purposes
(NB. Some sections withdrawn and replaced by BS ENs)

BS 1449  Steel plate, sheet and strip (many sections)
(NB. Some sections withdrawn and replaced by BS ENs)

BS 4360 Specification for weldable structural steels
(Withdrawn. Replaced by BS 7668: 1994, BS EN 10029: 1991, Parts 1-3 of BS EN
10133: 1999, BS EN 10137: 1996, BS EN 10155: 1993 and BS EN 10210-1: 1994)

BS EN 10111: 1998 Continuously hot-rolled low carbon steel sheet and strip for
cold forming — Technical delivery conditions

BS EN 10113 Hot rolled products in weldable fine grain structural steels

BS EN 10130: 1999 Cold-rolled low carbon steel flat products for cold forming —
Technical delivery conditions

BS EN 10137: Plates and wide flats made of high yield strength structural steels
in the quenched and tempered or precipitation hardened conditions

BS EN 10139: 1998 Cold-rolled uncoated mild steel narrow strip for cold forming
— Technical delivery conditions

BS EN 10164: 1993 Steel products with improved deformation properties per-
pendicular to the surface of the product — Technical delivery conditions

BS EN 10210-1: 1994 Hot-finished structural hollow sections of non-alloy and fine
grain structural steels — Technical delivery requirements.

BS EN 10219-1: 1997 Cold-formed structural hollow sections of non-alloy and fine
grain structural steels — Technical delivery requirements

BS EN 10268: 1999 Cold-rolled flat products made of high yield strength micro-
alloyed steels for cold forming — General delivery conditions
(Supersedes BS 1449-1-1.5: 1991 and BS 1449-1-1.11: 1991)

BS EN 10273: 2000 Hot-rolled weldable steel bars for pressure purposes with
specified elevated temperature properties
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Steel products

BS 4 Part 1: 1993 Structural steel sections. Specification for hot-rolled sections
BS EN 10029: 1991 Tolerances on dimensions, shape and mass for hot-rolled steel
plates 3mm thick or above

BS EN 10051: 1992 + A1: 1997 Continuously hot-rolled uncoated plate, sheet and
strip of non-alloy and alloy steels — Tolerances on dimensions and shape (including
amendment Al: 1997)

BS EN 10055: 1996 Hot-rolled steel equal flange tees with radiused root and toes
— Dimensions and tolerances on shape and dimensions

BS EN 10056 Specification for structural steel equal and unequal angles
BS EN 10056-1: 1998 Dimensions
BS EN 10056-2: 1993 Tolerances on shape and dimensions

BS EN 10067: 1997 Hot-rolled bulb flats — Dimensions and tolerances on shape,
dimensions and mass

BS EN 10163 Specification for delivery requirements for surface conditions of hot-
rolled steel plates, wide flats and sections

BS EN 10210-2: 1997 Hot-finished structural hollow sections of non-alloy and fine
grain structural steels — Tolerances, dimensions and sectional properties

BS EN 10219-2: 1997 Cold-formed structural hollow sections of non-alloy and fine
grain structural steels — Tolerances, dimensions and sectional properties

Euronorm 91: 1981 Hot-rolled wide flats — Tolerances on dimensions, shape and
mass

Cold-rolled thin gauge sections and sheets

BS 1449 Steel plate, sheet and strip Section 1.9: 1991 Specification for cold-rolled
narrow strip based on formability

BS 2994: 1976 (1987) Specification for cold-rolled steel sections

BS 5950  Structural use of steelwork in buildings
Part 5: 1987 Code of practice for the design of cold-rolled sections
Part 6: 1995 Code of practice for design of light gauge profiled steel
sheeting
Part 7: 1992 Specification for materials and workmanship — Cold-formed
sections
Part 9: 1994 Code of practice for stressed skin design

BS EN 10048: 1997 Hot-rolled narrow steel strip — Tolerances on dimensions and
shape
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BS EN 10031: 1991 Cold-rolled uncoated low carbon and high yield strength steel
flat products for cold forming

BS EN 10140: 1997 Cold-rolled narrow steel strip — Tolerances on dimensions and
shape

BS EN 10143: 1993 Continuously hot-dip metal coated steel sheet and strip —
Tolerances on dimensions and shape

BS EN 10147: 2000 Continuously hot-dip zinc coated structural steels strip and
sheet — Technical delivery conditions

BS EN 10149 Hot-rolled flat products made of high yield strength steels for cold
forming

BS EN 10214: 1995 Continuously hot-dip zinc-aluminium (ZA) coated steel strip
and sheet — Technical delivery conditions

BS EN 10215: 1995 Continuously hot-dip aluminium-zinc (AZ) coated steel strip
and sheet — Technical delivery conditions

BS EN 10238: 1997 Automatically blast cleaned and automatically primed struc-
tural steel products

BS EN 10292: 2000 Continuously hot-dip coated strip and sheet of steels with
higher yield strength for cold forming — Technical delivery conditions

DD ENV 10169 Continuously organic coated (coil coated) steel flat products
DD ENV 10169-2: 1999 Products for building exterior applications

ISO 4995: 1993 Hot-rolled steel sheet of structural quality
ISO 4997: 1991 Cold reduced steel sheet of structural quality

ISO 4999: 1999 Continuous hot-dip terne (lead alloy) coated cold-reduced steel
sheet of commercial drawing and structural qualities

ISO 5951: 1993 Hot-rolled steel sheet of higher yield strength with improved
formability

ISO 6316: 1993 Hot-rolled steel strip of structural quality

ISO 16162: 2000 Continuously cold-rolled products — Dimensional and shape
tolerances

ISO 16163: 2000 Continuously hot-dipped coated steel products — Dimensional
and shape tolerances
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Stainless steels

BS 7475: 1991 Specification for fusion welding of austenitic stainless steels
BS EN 10088 Stainless steels

BS EN ISO 3506 Mechanical properties of corrosion resistant stainless steel
fasteners

Castings and forgings

BS 3100: 1991 Specification for steel castings for general engineering purposes

BS EN 1560: 1997 Founding — Designation system for cast iron — Material symbols
and material number

BS EN 1561: 1997 Founding — Grey cast irons
BS EN 1563: 1997 Founding — Spheroidal graphite cast irons

Steel construction components

BS 2994: 1976 (1987) Specification for cold-rolled steel sections

BS 5427 Code of practice for the use of profiled sheet for roof and wall cladding
on buildings
Part 1: 1996 Design

BS EN 1337 Structural bearings
BS EN 1462: 1997 Brackets for eaves gutters: Requirements and testing

Welding materials and processes
General

BS 499 Specification for symbols for welding (formerly Welding terms and
symbols)
Part 1: 1991 Glossary for welding, brazing and thermal cutting

BS 499-2C: 1999 European arc welding symbols in chart form

BS EN 29692: 1994 Specification for metal-arc welding with covered electrode, gas
shielded metal arc-welding and gas welding. Joint preparation for steel
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BS EN ISO 4063: 2000 Welding and allied processes — Nomenclature of processes
and reference numbers

BS EN ISO 9692 Welding and allied processes — Joint preparation
BS EN ISO 9692-2: 1998 Submerged arc welding of steels

Processes and consumables

BS EN 440: 1995 Welding consumables: wire electrodes and deposits for gas
shielded metal arc welding of non-alloy and fine grain steels: Classification

BS EN 499: 1995 Welding consumables — Covered electrodes for manual metal
arc welding of non-alloy and fine grain steels: Classification

BS EN 756: 1996 Welding consumables — Wire electrodes and wire-flux combina-
tions for submerged arc welding of non-alloy and fine grain steels — Classification

BS EN757: 1997 Welding consumables — Covered electrodes for metal arc welding
of high strength steels: Classification

BS EN 758: 1997 Welding consumables — Tubular cored electrodes for metal
arc welding with and without a gas shield of non-alloy and fine grain steels —
Classification

Testing and examination

BS 709: 1983 Methods of destructive testing fusion welded joints and weld metal
in steel

BS 2600 Radiographic examination of fusion welded butt joints in steel
Part 1: 1983 Methods for steel 2mm up to and including S0 mm thick
Part 2: 1973 Methods for steel over 5S0mm up to and including 200 mm
thick

BS 2910: 1986 Methods for radiographic examination of fusion welded circum-
ferential butt joints in steel pipes

BS 3683 Glossary of terms used in non-destructive testing
Part 2: 1985 Magnetic particle flaw detection
Part 3: 1984 Radiological flaw detection

BS 4871 Specification for approval testing of welders working to approve welding
procedures

BS 4872 Specification for approval testing of welders when welding procedure
approval is not required
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BS 4872-1: 1982 Fusion welding of steel
BS 6072: 1981 (1986) Method for magnetic particle flaw detection
BS EN 287 Approval testing of welders for fusion welding

BS EN 288 Specification and approval of welding procedures for metallic
materials

BS EN 970: 1997 Non-destructive examination of fusion welds — Visual
examination

BS EN 1289: 1998 Non-destructive examination of welds — Penetrant testing of
welds — Acceptance testing of welds — Acceptance level

BS EN 1290: 1998 Non-destructive examination of welds — Magnetic particle
examination of welds

BS EN 1291: 1998 Non-destructive examination of welds — Magnetic particle
testing of welds — Acceptance levels

BS EN 1435: 1997 Non-destructive examination of welds — Radiographic
examination of welded joints

BS EN 1713: 1998 Non-destructive examination of welds — ultrasonic examination
— characterization of indication in welds

BS EN 1714: 1998 Non-destructive examination of welded joints — Ultrasonic
examination of welded joints (Supersedes BS 3923-1: 1986)

BS EN 12062: 1998 Non-destructive examination of welds — General rules for
metallic materials

BS EN 25817: 1992 Arc-welded joints in steel: Guidance on quality levels for
imperfections

Bolts and fasteners

BS 4395  Specification for high strength friction grip bolts and associated nuts and
washers for structural engineering
Part 1: 1969 General grade
Part 2: 1969 Higher grade bolts and nuts and general grade washers

BS 4604  Specification for the use of high strength friction grip bolts in structural
steelwork — Metric series
Part 1: 1970 General grade
Part 2: 1970 Higher grade (parallel shank)

BS 7419: 1991 Specification for holding down bolts
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BS 7644

Direct tension indicators
Part 1: 1993 Specification for compressible washers
Part 2: 1993 Specification for nut face and bolt face washers

Fire resistance

BS 476

BS 5588

BS 5950

BS 8202

Fire tests on building materials and structures

Part 20: 1987 Method for determination of the fire resistance of elements
of construction (general principles)

Part 21: 1987 Methods for determination of the fire resistance of load-
bearing elements of construction

Part 22: 1987 Methods for determination of the fire resistance of non-
loadbearing elements of construction

Part 23: 1987 Methods for determination of the contribution of compon-
ents to the fire resistance of a structure

Fire precautions in the design, construction and use of buildings

Structural use of steelwork in building
Part 8: 1990 Code of practice for fire resistant design

Coatings for fire protection of building elements

Part 1: 1995 Code of practice for the selection and installation of sprayed
mineral coatings

Part 2: 1992 Code of practice for the use of intumescent coating systems
to metallic substrates for providing fire resistance

Corrosion prevention and coatings

BS 2569

BS 4652:
BS 4921:

BS 5493:

Specification for sprayed coatings
Part 2: 1965 (1997) Protection of iron and steel against corrosion and
oxidation at elevated temperatures

1995 Specification for metallic zinc-rich priming paints (organic media)
1988 (1994) Specification for sherardized coatings on iron or steel

1977 Code of practice for protective coating of iron and steel structures

against corrosion

BS 7079
products

Preparation of steel substrates before application of paints and related
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Quality assurance

BS EN ISO 9000 Quality management and quality assurance standards

BS EN ISO 9001: 1994 Quality systems — Model for quality assurance in design,
development, production, installation and servicing

Environmental

BS 6187: 2000 Code of practice for demolition

BS EN ISO 14001: 1996 Environmental management systems. Specification with
guidance for use

BS EN ISO 14004: 1996 Environmental management systems. General guidelines
on principles, systems and supporting techniques

BS EN ISO 14010: 1996 Guidelines for environmental auditing. General princi-
ples
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