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Design of tension members )l palie asaal 3-2 ooty
Concentrically loaded  LjSy ddasall a&l) jualic 1-3-2

155 A Li$e Llaaall wall jualind daglial) aneal Ay ao
(AL adaal) gg il (il adial) aal) Alla o da (EC3
LA Baalg ddalaa. ‘"ALAS\ ahaiall gl

Ny gd = Ny pd

on par phaiia OS (B N, gy dsasaall) 280 B8 o Jguanl) oy o
d.d;.d\ "Jhuﬁ GM\JAAAQ dma$\Md;\w ,lma“
cg.\h.u\g\

Ve Yo Al Adgaall Jalsey duwliall cgaadl aladin) aa o

Steel Structuresl Prof.Dr. Nael M. Hasan https://manara.edu.sy/


https://manara.edu.sy/

| ; iy
|I _r"
W

Design of tension members il ualis anasli 3-2 ooty
wMY\M\&yuAJM\M\MJmNth Cua,

N IRdwﬂ\&h&d(Mﬂ\g\)&w\Mjm
_N ujsaui; 53N‘wﬂ\M(JU@Y\3\)MN\M3M\J

N¢rg = MIN {Ny rg Ny g }
S EC3 258 (B (gadll 2a Alla) pocadl) daglia (on
Npira = Afy /Ym0
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Design of tension members )l palie asaal 3-2 ooty
sa ) &Eﬁ.ﬂﬁ (JQ@JY‘ A, :\Jh) :\eéﬂ\ Zujl.w\ u.ha:ﬁ
: Aules EC3 458 b Alslaall cugflt e (gglal
Nyrd = V.94 u/ VM2,
(@) adadall ddlall Aalal) & A S e
Caun) dlad aady cadll JLgi¥) Ao daglRall LD Jale py,

EC3 2582 1.1 (slasd ‘,;w
P2 /0.9 Jladll Had) Jalad O Aalaal) 3 0.9 Jalad) acay

o dad (e Ao i g8 (N LRg) ek Slgd) as At (=1 22)
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Distance )23 <2.5d, > 5.0 d,
2 bolts 3 0.4 0.7
3 bolts or more 3 0.5 0.7
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(P2, 8%) L

AT (8,=0.7) ol
= Y (B)
(P1,By) SRl il B il el g il
vl Y1 (6,=0.4)
X1 X X2

(Pp=2.5d, (P)  (P,=5d,)
(P-2.5d0)/(2.5d0)=(B, -0.4)/(0.3)

(X-X1) ~ (Y-Y1)
02-X1) (Eestd) B2 = 0.4+(P-2.5d0) (0.7- 0.4)/(2.5d0)
(Y2-Y1) P,=70mm d,=17mm
Y=Y1+(X-X1)
(2 -X1) B2 = 0.4+(70-2.5x17) (0.7- 0.4)/(2.5x17)

Y=Y1+(X-X1) (Y2-Y1)/(X2-X1) (B,=0.594)
,=0.
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(P2, 8%) L

P {B.=0.7} ol
W (B
(P1,Bs) A1 B 551 B, (il Jal e il
« vt {B3=0.5}
X1 X X2

(Pp=2.5d, (P)  (P,=5d,)

(P-2.5d0)/(2.5d0)=(B, -0.5)/(0.2)

X-x1)  (Y-Y1)
(X2-X1) (Y2-Y1) B3 = 0.5+(P-2.5d0) (0.7- 0.5)/(2.5d0)
(Y2-Y1) P,=30mm d,=22mm
Y=Y1+ (X - X1)
(2=-21) B3 = 0.5+(P-2.5d0) (0.7- 0.5)/(2.5d0)

Y=Y1+(X-X1) (Y2-Y1)/(X2-X1) {B,=0.409}
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1.4 Nominal values of yield strength f, and ultimate tensile

strength [, for hot rolled structural steel

Table 3.1: Nominal values of yield strength f, and ultimate tensile strength f, for

hot rolled structural steel

Nominal thickness of the element t [mm)

Standard
and i < 40 mm 40 mm < 1 = B mm
steel grade - - - N
f, [N/mm’] fe [N/mm’] f, [N/mm’] f. [N/mm’]

EN 10025-2

5235 235 360 215 360
5275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 41 550
EN 10025-3

S 275 N/NL 275 390 255 370
8 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 NMNL 460 540 430 540
EN 10025-4

8275 MML 275 370 255 360
5 355 M/ML 155 470 335 450
5420 M/ML 420 520 390 s00
S 460 M/ML 460 540 430 530
EMN 10025-5

S2I5 W 235 360 215 40
S3155W 155 510 335 490
EN 10025-6

S5 460 OOL/OLL 460 5T 440 550
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Worked examples ‘UL@ Al .L%D

8yliall

Example 2.1:

1- Calculate the net area Anet of the bolted section of the plate
represented in Figure. Assume a plate with thickness t=10 mm and the
remaining dimensions (in mm), as indicated in Figure

2- Determine the design tensile strength of the plat (f,=250MPa, f,=420 Mpa)
3- Detemine the Efficiency of the plate with holes

4- Find thickness of the plate to resist design load N, g4 =750 kN

22.5 (4), | :
45 @ /d.} i
g e I < | l
45 | ) l :
4¢— 5 e 1O 1w —>
d I S
o o R & |
D % !
22571 \QD'\ {P i
]
60 | 60 |
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35,5 | : P
ST 9 S iz
B T : (3) | : N éﬁ,,_ﬂ
N 45 a7 !
4¢— 25 | (Q\ 12 1(D) i ——
4‘7-— dg=15! o :
5 sl I
72571 \e.b\ {P i
| 60 | 60 |
« Taking fracture sectionl-3 into Account, We get
Fracture section 1 5 4 W =225xt-2xrx15=195t-
Fracture section2 — .4(2[) =225Xt—4XtX15+2X1tX =205t
ne 4x45 |
Fracture section 3 — .4}2 =225Xt-=5XtX15+4XtX = 230¢.
4x 45
The net area of the plate 1s given by the mmimum value, 4  =195¢.
« Taking fracture section4 into Account, We get
Fracture section 4 AW =225xt—3xtX15=180t

The net area of plate is given by the minimum value, Apet = 180 ¢
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2- Determine the design tensile strength of the plat daoLa
6)uoJ

N¢rg = mMin {Ny rqg Npjra }
Npi rd = Afy /Ym0
N, re=(225x t)x250/(1x1000)=56.25 t = 562.5 kN

Nr.r_,ﬁ'd = 0.94,¢ r-r"’f'}"}:lrls
N, rs=(0.9x180x t)x420/(1.1x1000)=61.85 t = 618.55 kN

Therefore

N rg = Min {Ny rg Ny rg }=56.25 t =562.5 kN

3- Determine the Efficiency of the plate with holes
=N; g/ Noi Rd =562.5/562.5=1
4- Determine the Thickness of the plate

I\It,Ed = |\It,Rd

750=56.25t ---=2 t=13.33 mm -=>taket =14 mm
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Example 2.2 fool 4
Verify the strength of a single equal leg angle L 120 x 10 mm in™"
tension connected on one side via one line of two M16 (d=16mm)
bolts in standard holes (d,=17mm) as shown in Figure, (dimensions
In millimeters). Bolts connect only one side of the angle to a gusset
plate. The angle Is subjected to a design axial load N, ., of 350 KN

Conceder: f, = 235 N/mm? fu = 360 N/mm?* 4 =232cm?.
60 70
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Solution:
fy = 235 N/mm?* ,f, = 360 N/mm* ,A = 23.2cm?*.
Af, 232x10*x235

N, pqg = x 107° = 545.2 KN
PLR Yno 1.0
Nurﬂd _ 5214-;19:: u
Vm2

py =70mm —- 2.5d- = 42.5 mm & 5d- = 85mm —-
42.5 < 70 < 85 — linear interpolation between 0.4&0.7

—-— [, = 0.594
Aer = 23.2 X 10% — (17 x 10) = 2150 mm?*
PoAner fu  0.594 x 2150 X 360

N = = x 1073 = 367.80 KN.
uRd Yo 1.25

N¢rqa = 367.80 KN (th.e lesser of Ny rq and Nuﬁd) > 350 KN.

So, the member is satisfactory Nt gd < Nigd 350/367.8 =0.95

W

0)lioJl

https://manara.edu.sy/
Steel Structures1l Prof. Dr. Nael M. Hasan


https://manara.edu.sy/

D

deal

Example 2.3 daolo
Design check of an equal angle 150x150x10 for an axial factored

tensile force 300 KN using steel grade S275 connected (do=22mm)
using:

(a) Welded (b) One bolt (c) Two bolts (d) Three bolts

Solution:
fy = 275 N/mm* ,f, = 430 N/mm? ,A = 29.3 cm?
(a) Welded

. Af, 293x10*x275x107°

pLRd — = 805.75 KN > 300 KN Ok.
’ VMo 1.0
= 20 mm -
(b) One bolt i
50 mm
_ 2.0(e;—0.5d,)tf,  2(50-0.5x22)x10X430%107%
Nygra = _— = T = 268.32 KN 1
< 300 KN Not Ok. 300/268.32 =1.11

Try increase thickness or distance e2
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(c) Two bolts PA

doola
Apor =293 X102 — (22 X 10) = 27.10 X 10%2 mm? &)lial
—=20 mm =30 mm=
p; = 30mm —— 2.5d. = 55mm & 5d. = 110 mm — X
50 mm
B, = 0.4 r A A
A 0.4 X 27.10 X 10? x 430 x 1073
N, pg = Pafnet Ju _ — 372.9 KN > 300 KN Ok
’ Ym2 1.25
(d) Three bolts ~ 20 mm =30 mm=—=30 mm=
Aper = 29.3 X 10% — (22 X 10) = 27.10 X 102 mm? f |
50 mm
p; = 30mm —— 2.5d. = 55mm & 5d- = 110 mm — ' |
fsz = 0.5
A 0.5 X 27.10 x 10% x 430 x 10~3
Ny rg = Pafnet Ju _ = 466.1 KN > 300 KN Ok
’ Ym2 1.25

Note/ by increase the number of bolts the design capacity increases too.
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Example 2.4 PAV

A UB 610 x 229 x 125 tension member of S355 steel is connected °J“-‘”'
through both flanges by 20 mm bolts (in 22 mm diameter bolt holes) in
four lines, two in each flange as shown in the Figure . Check the
member for a design tension force of N, ;; = 4000 KN.

Solution:
_ _ N _ N _
tr =19.6mm,f, = 3457/ o fu = 4907/ . ,A =159 cm?
A 159 x 10% x 345 LV 7 4"
Npira = by _ o X 1072 = 5485.5 KN ZR%%

Ymo

Aper = 159 X 102 — 4 X (22 X 19.6) = 14175.2 mm?>

0940 fu 0.9 X 14175.2 X 490

N —
u,Rd Ym2 1.25

X 1072 = 5001 KN

Nega = 5001 KN (the lesser of Ny pq and Ny gq) > 4000 KN.

#V//%f‘/’i

So. the member is satisfactory.  4000/5001 = 0.8
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Home Work 1 Dy
deal ~
1- Calculate the net area Anet of the bolted section of the plate A
represented in Figure. Assume a plate with thickness t=12 mm and the
remaining dimensions (in mm), as indicated in Figure

2- Determine the design tensile strength of the plat (S355)

3- Detemine the Efficiency of the plate with holes

4- Find thickness of the plate to resist design load N, g4 =900 kN

F ]
30 | d4o16@ di18 PO
50 | a5
B D
50 g

|

|

M 1
4+— 260 0o T =16 _ 1D ()
+—| d=16 & |

50 d,=18" >~ K do=20
30 1 \(D'\ {P
L 90 l 90 |L

l

https://manara.edu.sy/

Steel Structures1l Prof. Dr. Nael M. Hasan


https://manara.edu.sy/

Va
Homework 2 teols
Design unequal angle connected from the long leg loaded ™
with an axial factored tensile force 580 KN using steel grade
S355 connected using:

(a) Welded (b) Two bolts (do=15mm, 18mm)
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