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& Tension members & =

#

A tensxon member (or tle) transmlts a dlrect tensHe force
between two points,in a structure and is; theoretlcally, the
simplest and most- efficient structural e]ement o
{ Uses and types e S

< roof tru ss lattlce glrder

& TenS|on members in, bUIIdIng A

_
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~= Tension members

Uses and types -

. Hangers____,..-:_“""-’

Floor beam oS

o i

1 'ha ngers supporting ﬂo@r beam.____,— S

Suspended

Gl TenS|G|1 members Member 1neﬁ'ectwe
“in building

multi-storey-building Ties
/- Tension bracing members

mdustrlal building
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.=~ Tension members - &
Uses and types

Deck N
suspenders .

f suspensmn brldge
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Common types of member

1- Open and closed smgle -rolled- sectlons such as angles
tees, channels and structural hollow sectlons

I

|

-

JSTALE

used for: tensron members in Irght trusses and lattice glrders for bracrng

2- Compound sections con5|st|ng of double angles or channels.
At least one axis of symmetry is-present and so the eccentricity in
the end connection can be minimised. When-angles or other

1 shapes are used in: this fashion, they should. be mterconnected at
intervals to prevent vrbratlon especrally when movrng loads &
are present -» A £
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Common types of member - & X

P

3- Heavy rolled sectlens and heavy compound sectlons of
" built up H- andbox sectlons & 8 &

Q-The bunt-up sections are. tied together either at mtervals (batten

plates) or continuously (Iacmg or perforated cover plates).
Q<Batten plates or lacing: do serve to provide rigidity and to distribute

,-"'the load among the main elements. Perforated plates can be con5|dered
4 as part of the tension mem b,er e

4- Bars and flats. e o = [ f%a %J -+ &
7 - Threaded bar Flat
In the sizes generally used, the stitfness ot these members Is very-low;
they may sag under their own Welght or that of construction workers.
“Their small cross-sectional dimensions also mean high sIenderness values
| and, as a consequence, they: may tend to flutter under wind ‘loads or

vibrate under moving loads " Y
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Common types of mem ber - -
5- Ropes and cables. ;- o S

Hbu nd strand rope, Locked coi!_ rope

o ‘;/____ - i —

1 DeS|gn considerations - AT
Theoretically, the tension member is‘the most effrcrent tructural
element, but its eff|C|en y-may be ‘Seriously af'fected by the
follewmg factors: >

1:The end connections: For example boltholes reduce “the

1 .member section. _;.,...g:f’r** - D

| 2. The member may be: sub]ect to reversal of Ioad ;;_-;ie
which:Case it is I|able to buckle because a fen5|on member |s
more: slender than'a compressron ‘member. A o~
3. ‘Many tension members must also resist moment as
well as axialdoad. The moment is due to eccentricity ify the
end connectlens or to Iateral Ioad on the member.

e
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Design for axial tension

However the globalbehawour ef the ten5|on member has
to bé taken into account. -
Imaglne for example that. the Iength affected by the
connection is about 5% of the total member Iength
“then assume that the strain at the ultimate load of the
connection is 10 times theyield strain (Figure-----).
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Design for axial tension

When'the member reaches the yleld condltlon and the
connection the fallure condltlon the mcreases in Iength*
would be: S {

1 con nection zone: |
M,,:-— ey Le =108 X L, = 106 X 5% Lror —-E: 5 £ Lror

Mem ber zone:
1% AL, = &, L, =F X Lﬂ,= gy X 95% Liror = 0.95%, Lror
| Thatis = s
WhICh means that the elongatlon W|th|n the connectlen zone
~is much smaller than that of the entire bar.
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DeS|gn for axial tension

The deS|gn of a tension member may- be governed by one of the
following collapse modes: i) resistance of a gross cross section far-
from the joints or ii) resistance of: the Cross ‘section close to thef-"'
]omts or other discontinuities, due to the reduction of Cross

1 section, the second-order moments induced by small X
eccentricities or both effects ( see Flg ). Typically, the second

mode is the governing de5|gn mode

\ | [ il ] ]
s & |
- L | -
g - -

I A0 L i 3

| = I | |~ "
55 v 4'

a) Collapse in the net cross section /1 b) Eccentric joints
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Design fer axial tension = N ¢

According to BS EN 1993- 1-1: 20004 a
Clause 6.2.3

e

> Member in
- direct tension

~

EA >

{'Wire rope N _
1000+ < g

& 15t|n--
'S Nt Rd_mln(NpI Rd 1.V, Rd)

2

Npi,rd* the yreIdrng (plastlc)e
resrstance of the gross - R X Fracture
cross-section (to prevent =
‘excessive deformatlen of the |

{ member)_ P

s

Stress rmr‘m;..

S575
E = 210000 N/mm?

N pl,Rd’ _A f / Ymo "~ “ U’ ﬂjj{.j_?’

~—

Ny ra uItlmate fracture resrstance
of the net Cross:- sectron

Nu ra=0.9 Anet 1:U/ M2 ,, oS ,

_‘-'—- o
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Design for axial tensmn

Accordmg to BS EN 1993 1-1;

Clause 6.2.3 __
Nt Rd™ mm(NpI Rd 7 _u-"-‘"iid)

| Npl Rd_A /YMo
Nu Rd="'i9 Anet f /VMZ

Anet is net area of the cross- sectlon
“allowing for bolt holes or otheraun—

2" openings (defined in Clause
6.2.2:2 of BS EN 1993-1-1),

2

" Stress (me,rn

! |sthe uItimaté'te_r_]_s;iJre strength &

A

20001 »

1 Eﬂﬂ T

S575
E = 210000 N/mm?

T,

‘Wire rope N
11::01::-#:-:_;-_;

> Member in
- direct tension

8 == >

I\FPJ =é‘f4uf;

" X Fracture

o~

CEJT?TI

a2
Etraln

0.9« factor was mcluded in the strength model foIIowmg a statlstlcal

7> evaluation of a large number of test fesults for net section failure of
plates. (Due to unav0|dable eccentr1C|t|es stress concentratlons etc

Yo = 1,257
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DeS|gn for axial tension
Accordmg to BS EN 1993 I-1: Clause. 6 2 3

To ensure that the fuII ductlle re5|stance is achleved before fallure ]
" N, Rd>Np1 Rd 9Anet/A>( YMz/O 9 fu YMO) "

Load

e ' Stress concentration
= 1fu """""""""""" o e at a‘bolt hole.

=it 2, Toctepoint
e B

- Extt'.-nsmn N

The presence of holes in a cross- sectlon creates stress A
concentrations resulting in earlier y|eId|ng around the holes. In the
case of small holes, a ductile failure may still occur with the full
gross area reachlng the yleld stress £ ‘In the case of Iarger holes,
failure may occur at the ultimate stress f, with fracture‘across the
minimum cross-sectional area, i.€. 4.

IS

Mo=dwfe o froct of small bolt holes
(duc‘tﬂe fmlure}

eﬁ'ect of large bﬂlT holes {bnttle faﬂu:e}

___'_T._r._____
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DeS|gn for axial tension & e

The net area is defined.in EN 1993%—1 CIause 6 2. 2 2 as the
gross area less approprrate deductrens for ali holes and other -
openrngs = _

7~

“In the case of multlple fastener ]
| holes, provided that the fastener —
holes are not staggered,. the total
area to be deducted for fastener <

holes should be the maximum sum A,,et—A n, tdo = A-z tdo

of the sectional areas-of the holes in
Y-any cross section p perpendlcmar to o

the member axis:(Clause 6:2.2. 2(3)) o A ~
Wheré the fastener holes are ,~ » LIS A4S ,.{ U
staggered, the net area Anetshould J&a “‘"J Nk
be‘the minimum-of: £ ; —O0——0 @_
T A, tdyg (“fracture sectron 1); A% S

.-/— b

A- [n t:cj - t3( /4P ] (fracture section 2)
. TS TR A S R R



Design for axial tension X & e
A s the gross area of trte section; o > &S
n, : vrs the number of non-staggered heles in any CI‘OSSaSECtIOH =
£ perpendicular t6'the membertaxis; & / o
#1>  is the number of holes extending in anyﬁlagonal or zig-zag Ime
S progressively across themember or part ,of the member A
t is the-thickness; A -

d, Is the hole diameter. | &
Examples T S
S Ape=Min( i, i ) O
4) A2 td, (fracture sectlon 1),
| [3f~t” do - t>c2x( 52/4 )] (fracture sectlon 2)" N

{

O

” P ﬁ\\_ F\‘\v' r }\\\U b n:’: T a \'ﬂ-ﬁ?‘
" AL AF < Ny
e N ~ & Ll
:\ N~ ~n “ p %’xu "@ : n Direction
oL e },» : =N of stress
N — Al I G
Mg = bt -max(dot or t(2do - 5 ) o ST R
f~ — - ——
- /- _r\. d D a o
N N — /,-_ -
o o e
N / U o) s s e
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DeS|gn for axial tensmn N @

For angles and other “< = %
members with holes |n A 44 4
more thanone e + & + # (
I plane, the spacing p ‘" “eg— <[ — = .
~ should be-measured L g L
along- the centre of thickness of the: materlal as shown |n the
Figure. From the Figure, the spacmg p comprises. ‘two straight
portions and one curved portion of radius equaI to the root radius
__plus half the materlal thlckness &

P=bl1+ (t+r)+b2 (t+r)=l-0 57T(I‘+t/2)
P= b 1+b2-0. 4317 1215t I
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Example 1
Determine the design tens:on re5|stance (/\/t rRd)” of the ﬂat plate tie

member indicated in the Figure assuming M16 mm.diameter non--_
preloaded bolts in clearance holes‘and S355 steel are to be used
The positioning of holes conforms to EN 1993 1 8 design of

1joints.

g e 0 A

‘89 ! 55 g0 ' 55!
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_Examplre-l

Solution:

EN 10025-2:2004

S355 steel: For ¢ < 16 mm £ = 355 MPa
_Lowest value in the range for R. . f = 470 MPa

EN 1993-1-1: Clause 6.1~  ©® @ | @ ,\
Yo = 1,0 and yp =125 T TR e
EN 1993-1-1:2005 SOJF_"“.“‘C?‘T“%\T"@‘
Clause 6.2.2.2(4) - ____'4(')' --—-ﬂ}——t%@l)———'—;?— I
' | BRI sl Gt okt mhesien i ks
| Assume hole dlameter a, = 18 mm—1 50 éSS 80 @5 55 |
Area to be deducted equals the C;) P N
greater of: , N -_

(i) deduction for non- staggered holes and
(H) tlnd,- Z( /4 p)] |

S ) r—— -y
|Jh Ayl o (e ilr'\




_Example--l
Solutlon o~ - | K
Failure Path 1: Area to- be deducted = 2(18 X 10) = 350 0 mm2

Fallure Path 2: Area‘to be deducted 10 X[(3 x¢ 18) -

552/(4x40)] = 356,9 mm2 "~ @ 0 o
Failure Path 3: Area to be _1____.._ __i_ __:_____
dedugted o w ____Gf__ Raytadin
- 10x[4x18) - o = PR e
2x552/(4x 40) — 552/(4 X 50)] 5 I B Bt ek J .t
=190,6mm2 g i bk skt b/ ks

1 ] 80 é)SS
Failure Path 1 is the most severe W|th C;)

the h|ghest area to be deducted
= 360 mm? |
The net cross- sectlonal area |s

__determlned as. follows & |
'f [(180 x10) - 360] < 1440mm2

| net

N\ N g
e Slayat

flmmln



_Exampl:e--l
Solution:

Nt Rd—mm(Npl Rd 7

Ny ra=Af /yM0—18OOX355/1 0= 639 OkN AR
1 Nu Rd—O 9 At T /7m=0. 9X144OX470/1 :25= 487 3kN

The_____c_'l-esign tension r_e___siStan_c;e__Nt,Rcl = 487.3’—kN

A 180

JF\ \Jlll i\/f i fimmlr N
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Eccentricity of end connections - & N

M "-‘\‘

Clause=3.10.3 of BS EN, 1993 1-8, arefimited in scope -and cover
onlysmgle angles c&nnected by a single rmw of b@rts in one Iegf

The effect of mduceet bendlng mament (due to the eccentnaty’of
-the end connectlons) can be approxmated by’ reducmg the:cross-
“sectional.area of-the member.to an effective‘net area, andde5|gn

it as concentric load. The effective nef area A,,eteﬁc IS aepﬁndent on
the number of bolts and the p|tch D,.

~
Fai b
LA

\
o

,\-
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Eccentrraty of end connectlons

Anet |s the net area of the angle

Table 3.§i__;leeducti__gi1':" 'factors B2andp 3 &

___;vaJues of p ma;r “be derermmed by linear J
_.'-___'tmterpulatmn , s

=Jmmnmﬂlf

A

éﬁ ¢F ) -Anet eff = |33 Anet

!

Pichp, <25d, 2504,

S [14 -- n?

Hute For mtemedmte value:t nf pltr:h p.,




Eccentricity of end connections

o~

Lo T (

- ~~ 1] e AV N e 1=
T = - I < Il P

| ] e |"'—"'1 N R
“measure of spacmg p ;f-:'-" equwalent equal angle
Net area of angle with holes

(a) equal angle; (b) unequal angle | -
2 Effective area = gross area (c)-effective area taken as gross area
i | of ‘a smaller angle. e

Effectlve area of welding connected angle

e —————— T T A T EH 1

IS




Eccentrrmty of end COHI‘IECtIOﬂS ~r &
Example 2 A
Determine the design ten5|on re5|stance (N, Rd) of the 100x75 X8~

5275 steel, single angle tie member with the long: leg connected
__,t@ a gusset plate by 2/M20 dlameter bolts in 22mm dlametern
| clearance holes as indicated in the F|gure <l

Solution: L
EN 10025 2:2004
5275 steel: For ¢t < 16 mm

_f 275 MPa; _ "
'-’"LoweSt value in the range for R 100 x 75 x 8’ smgle angle with the long
s = 4HTMPa N leg connected to a gusset plate. The'-

EN 1993 1-1: Clause 6.1 p|tch of the bolts equals 2,54,. ﬁ
g _ ~ 1/ 100 X 75 X 8 smgle angleSZ75

YMO ~— 1 O and YNZ _1 25 IR” SECtlon pr0pertles _,_,:_

EN 1993-1-8:2005 & A =135cm?b=75mm o

{ Table 3.8 Thepitch of the, bolts h- 100 mm ¢= 8 mm -

is 2,5¢, - B,= 0,4 i :

=j"ﬂ 1ayath-Hallak



Eccentricity of end connections - F
Example 2 ’“ _},_3_3113' _,';:_\_'-
Actinet = B2X(gross area - deductions for 22 mm dlameter bolt -~
A~ hole)— BZX Anet .z ’_'/ '
o =04x% [r1350 (22 x8)] = 459 o) mmz

P

Nt Ré‘mln(NpI Rd 7 "Vu, Rd) [
___,NpI 'Rd—Af /VM0—1350x275/1 o 371.25kN

st

The de5|gn tensmn re5|stance Nt Rd = 154 OﬁkN

~~ failure by l_?]bck shear__will discggfl.éter
/ﬂ. ol P :;J f_f :J

=j'""
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Eccentrrmty of end connections (more than one bolt row

and other cross sectlons) :
BS5950:2000: cIaus 3.4.3 Effectlve net area

AK A < AT a2 =A-aj"

STEEL GRADE | ;;""Ke

—sm s 12

5460 1.0
_OTHER sfééi. f,/02 f_y

A effectlve area of the who]e sectlon

al gross area: “of the connected element (W|th holes)
K, factor to allow for straln hardenmg by mcreasmg the
net area Ve




Eccentnmty of end con@éctlons gf N

BS5950:2000: s 48 A5 &
Slngle Angles, Chantnels and T“Sectlons (Clause 4.6.3. Q

A el
/“ < vk
oo’ N0 iEERTLy SRR L —~ _,.
Reduce Effective Area = (\74 0. 55@) for bolted connectlons and
£ .\-\_(A - 0. 32’?”) for welded coﬂnectlons X

“is the Q@Es cros.s:'\s“ectional arie%
ﬁal is the gross cross-sectional-area of
o ~the connected eIemeth

S |s©qual to (4, - &). /33?‘

lf'\-\.

" A, is the syﬂm‘of the effectme net areas (a,) of all the eleménts of the
cross-section as defined in Clause 3.4.3 but < (1.2 x Total net area A

Pr-Ghayath-Hallak



Eccentr|c1ty of end connectlons e
BS5950:2000:

Double Angles, Channels and T- Sectlons Connected to -
Bath Sides of a Gusset PIate (CIause 4 6. 3 2) N
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Double Channel / Double T—sectjﬂ:ﬁ'_' .
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Reduce EffeCt'Ve Area = (4. - 0. 255 ) for bo/ted connectlons and
) o = (A 0 15a,) for: We/ded connections __,_.:?;-'-"

"49 , @ 8 & Ae are as before
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