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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 = N; 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/

| ; T
II ,I'.‘
¥

Design of tension members il ualis anasdli 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
Nypira = Afy /Ym0
gl pdaiall Adlaa¥) Aaluall A

andll s gl 1.0 dagdl) 3L g4y (rand) adaial) daglial Hal) Jalad) pp 0
duda g yiall
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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)
«(Npira) Esadd) 2 alal (=1.0)
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P4 bohdlly £ ) aae o adiailgl) 2.4
((Ny = Aner o F) Al cildblally dpasacail) daall daglial) and g

2.0(e, —0.5d,)1 f,

N, pg = - (1 bolt) g Lo dal oe
Va2
T 7 < o F Af: s e
Ny ra = Pr et : (2 bolts) O s Jal e
1
d AL
] )" A ali i . .
N, pi = Ps et Ju . (3 bolts or more) A5 S A 3 dal oa

Yo



v
Bz B, s=uadll Jalse &)li-al

Distance )23 <2.5d, > 5.0 d,
2 bolts B 0.4 0.7
3 bolts or more 3 0.5 0.7
v—Tel 8aal 5 (3l dliale Ly )
do * ;
- — € I
1
- . ‘
e P1 €1 P1 P1

A

b
A
p
T
i/
A
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(P2, 8%) L

AT (8,=0.7) o
P s Y (B)
(P1,B) SRl il B il el g il
vl Y1 (8,=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) (LEst) 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, B8%) L

P {B.=0.7} ol
ey
(P1,Bs) A1 B 551 B, (il Jal e il
« vt {B;=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) (¥2-Y1) B3 = 0.5+(P-2.5d0) (0.7- 0.5)/(2.5d0)
(Y2-Y1) P,=30mm d,=22mm
Y=Y1+ (X - X1)
(2=-x1) 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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deal n
8)liall
‘O sral) dadl) JAJAUAJWJ\ muujm Nth o

Noi Rd a_ad) adalall (4Sall) gf) 53.4;1\4..3&4
N, u\g&a&& Lg\glai\@aﬂ\éhuﬂph@‘!\g\)‘u&\ﬂu\g&d\\g
N¢rg = MIN {Ny rg NpiRrg }

LS EC3 58 3 (guadl an Ala) gouadl) daglia ans
Npird = Afy /Ym0

ahiall daglial L all Jualad) ppo g ¢ aml adaall Aullaay) dabloal) A dia
Slaral) asdl) s gl 1.0 Aaulll Lualyid) 3L sag ¢ il

i Ao gglall uagml) adadall (JlgdY) s Alla) daad) daglial) Juas o
(1.1 Al Lualid) Alipy, dalad) les EC3 468
Nyrd = 094, u/ VM2,
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1.4 Nominal values of yield strength f, and ultimate tensile

strength f,, 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 { < 40 mm 40 mm < < Bl mm
steel grade - - - -
fy [N/mm”) fa [Nfmm’] fy [Nfmm’) fu [N/mm?)

EN 10025-2

8235 235 360 215 360
5275 275 430 255 410
5355 355 510 335 470
S 450 440 550 41 550
EN 10025-3

S 275 N/NL 275 390 55 370
8 3155 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

8275 M/ML 275 370 255 360
S 355 M/ML 3155 470 335 450
5420 M/ML 420 520 390 300
S 460 M/ML 460 540 430 530
EN 10025-5

S2I5W 235 60 215 340
Si155W 355 510 335 490
EN 10025-6

S 460 Q/OL/OLI 460 570 440 240

[

o)ligJl
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Worked examples dalec Al u%

&)Ll

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

t— 05| 4 &
1
51

[—
S
. . — —— —— — — —— — — ——)
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7 5 ! !
.....3_’._ $ é : P,:l‘
45 7 1 l deola
N p— 1 (3).; l ! N &)Ll
45 4 -~ | A
44— 225 4_7; (ﬁ\ i(:) 5(1) i e
i— (lo—lﬁl : :
45 | TS |
335 . $ 1
| 60 | 60 |
« Taking fracture sectionl-3 into Account, We get
Fracture section 1 5 4 W =225xt-2xrx15=195¢-
Fracture section2 — A(ZI) =225Xt—4XtX15+2XtX - =205z.
ne 4x45 |
Fracture section 3 — A" =225X1—=5X1X15+4X1X = 230¢.
ner / /
4x45
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 dosta
e At

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

N!’.l‘_,Rd = 094, 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 s
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* A =232cm?.
60 70
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Solution:
fy = 235 N/mm?* ,f, = 360 N/mm* ,A =23.2cm*.
Af, 232x10%x235

Ny pq = X 107° = 545.2 KN
PLR ¥Ynmo 1.0
Nu,Rd _ 5214-;-:917 u
Ym2

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

—-- [, = 0.594
Ao = 23.2%X10% — (17 x 10) = 2150 mm?
PoAnet fu  0.594 X 2150 X 360

N — = x 1073 = 367.80 KN.
w.Rd Vs 1.25

N¢ra = 367.80 KN (the lesser of Ny pq and Ny gq) > 350 KN.

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

Y

0)liall
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Example 2.3 daol s
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°

plLRd — = 805.75 KN > 300 KN Ok.
’ Vo 1.0
=20 mm —=
(b) One bolt |
80 mm
_ 2.0(e;—05d,)tf,  2(50—0.5x22)x10x430x107%
NHJM = — = Tr = 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 %

dool A
Appe = 29.3 X102 — (22X 10) = 27.10 X 102 mm? §yliall
—= 20 mm =30 mm=
p; = 30mm —— 2.5d. = 55mm & 5d. = 110 mm — X
50 mm
p, = 0.4 Iﬂ T T
A 0.4 X 27.10 X 10% X 430 x 103
Ny, 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?2 — (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 1073
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 %D

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, = 345%/ o fy = 490"/ ., A=159cm*
A 159 x 10% X 345 LV 7 4"
Npira = by _ n x 1072 = 5485.5 KN ZR%%

Yo

Aper = 159 X 10% — 4 X (22 X 19.6) = 14175.2 mm?

0.94ne: fu 0.9 X 14175.2 X 490

N =
u,Rd Varz 1.25

X 1072 = 5001 KN

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

I_%V//%%

So. the member is satisfactory.  4000/5001 = 0.8
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Home Work 1 Dy
deal A
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

. |
30, d,=16€) d,=18 ,d}d‘)_zo
50 7

|

|

50 7 I
44— 250 7| d=16@L_ 1(2) E(l)

|

|

50 Sy
o T &8 &
L d0218 NS d0:20
30 i \(D'\ $
| 90 | 90 |

b (3).

l
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a
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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