CE 473

Example 1:

Design a double angle tension member with a bolted end
connection

Given:

Pu= 350 Kn

Steel A36 —F,=250 Mpa , F,=400 Mpa

A325 Bolts A36 —F,,=620 Mpa , F,,=400 Mpa

Consider the connection is slip critical connection with p =0.5,
and with standard holes.

Solution :-

o For Bolts:

a) Slip critical connection

d2
@Pn=@*1.13*,u*0.7*(n*Tb)* " * N * Ny > P,
d2
@an1*1.13*0.5*0.7*<7T*Tb>*620*Nb*2 > 350 * 103

d?, * N, = 909.14

b) Shearing strength of bolts:
2

d
oP, =0.75*Fvb*(n*Tb)*Nb*N52Pu

dZ
oP, =0.75*400*<n*Tb>*Nb*22350*103

d?, = N, > 743.1

d?, * N, = 909.14 Governs the design of bolts

db Nb Use
16 3.55 4
18 2.81 3
20 2.27 3

Chose 4 bolts with diameter d,=16 mm
Spacing (S) =3 d, >6 dp Use 5d,=80 mm Le=40mm

c) Bearing strength of bolts:
@P, = 0.75 %24+ E, *d *t,;,, * N, = P,

OP, = 0.75 * 2.4 % 400 x 16 * t,y;, * 4 > 350 = 103
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CE 473

_ |For one angle = — = 3.8 mm
tmin - 2
For guest plate = 7.6 mm

Choose angle thickness =6.4 mm (from LRFD)
And guest plate thickness =12 mm

o For double Angle:
a) Gross yielding design strength:
@B, = 0, AgF, = 0.9 X Ay X 250 = 350 = 103
Ay = 1555.56 mm?

b) Net section fracture strength:
Assume U =0.85 forN, = 3

Ay = Ay — Z(db +3)t
A, =A; —(2x19 x6.4) = (A, — 243.2) mm?
A, = UA,

A, = 0.85x (4, — 243.2)

@.P, = 0.75 % 0.85 X (A4, — 243.2) x 400 > 350 * 103
Ay = 1615.75 mm?

Therefore, A; = 1615.75 mm? governs the design of angles

1615.75 ,
Area of one angle > — 807.87 mm

From LRFD choose angle 76X76X6.4
Ag= 932 mm?, X;= 21.4 mm

Gusset plate

O O OO
> —P—>
s/s/s/
Lc
6.4 38
T Axd <(76_6'4)*6'4*T>+(38*6'4*T)

= 8.8

YA ((76 — 6.4) * 6.4) + (38 * 6.4)
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X, =38 —8.8=29.2mm
X is the larger of ( x1,x2)

U=1 29'2—088<09
B 240 '

Recalculate the Net section fracture strength:
A, =932 — (2% 19 x 6.4) = 681.12 mm?
@.P, = 0.75 x 0.85 X (4, — 243.2) x 400 > 350 * 10°
@.P, =2%0.75%0.88x681.12 X400 = 359.6 KN > 350 KN

c) Block shear strength:

l,=2x3*S+ Lel) =560 mm

l; =2+38=76mm

Ay =76 X 6.4 = 486.64 mm?

Ay = 486.4 — 2 % (0.5 X 19 X 6.4) = 364.8 mm?
Agy, =560 X 6.4 = 3584 mm®

Ayy = 3584 — 2 % (3.5 X 19 X 6.4) = 2732.8 mm?

0.6F,A,, = 0.6 X 400 x 2732.8 x 1073 = 655.872 kN
E,A,, =400 x 364.8 x 1073 = 145.92 kN
0.6F,A,, > E,A,;
~ OiR, = 0,[0.6F, Ay, + F;IAgt]
~ @R, = 0.75[0.6 x 400 x 2732.8 + 250 X 486.64] x 1073
= 583.149 kN > 350 KN
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Example 2:

Design a single channel tension member with a bolted end
connection

Given:

Pu= 450 Kn

Steel A36 —F,=250 Mpa , F,=400 Mpa

A325 Bolts A36 —F;,=620 Mpa , F,,=400 Mpa

Consider the connection is slip critical connection with p =0.5,
and with standard holes.

Solution :-

o For Bolts:

a) Slip critical connection

d2
@Pn=@*1.13*,u*0.7*(n*Tb)* " * N * Ny > P,
d2
@Rn=1*1.13*0.5*0.7*<E*Tb>*620*Nb*1 > 450 * 103

d?, = N, > 2337.79

b) Shearing strength of bolts:
2

d
oP, =0.75*Fvb*(n*Tb)*Nb*N52Pu
dZ
oP, =0.75*400*<n*Tb>*Nb*12450*103

d?, = N, > 1910.82

d?, = N, > 2337.79 Governs the design of bolts

db Nb Use
16 9.13 10
18 7.22 8
20 5.84 6

Chose 6 bolts with diameter d,=20 mm
Spacing (S) =3 d, -6 dy Use 5dp,=100 mm Le=50mm

c) Bearing strength of bolts:

@P, = 0.75 * 2.4 * 400 * 20 * t,,;, * 6 > 350 * 103
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_— For channel = 5.21 mm
min | For guest plate = 5.21 mm

Choose channel thickness =7.9 mm (from LRFD)
And guest plate thickness =12 mm

o For channel:
a)Gross yielding design strength:
@B, = 0, A;F, = 0.9 x A, x 250 = 450 * 103
Ay = 2000 mm?

b) Net section fracture strength:
Assume U =0.85 forN, = 3

Ay = Ay — Z(db +3)t
A, = A, —(2x23x79) = (Ay — 363.4) mm?
A, = UA,

A, =085 x (4, — 243.2)

@B, = 0.75 % 0.85 X (A, — 363.4) x 400 > 450 * 103
Ay = 2128.11mm?

Therefore, A, = 2188.11 mm? governs the design of channel

From LRFD choose channel C 150X17.9
Ag= 2260 mmz, X1=17.8 mm , t,=7.9 mm, t=9.5 mm ,b;=63 mm

9.5 46
S Axd <(63—7.9)*9.5*T>+(46*7.9*T)

I=7%a ~ ((63—7.9)%9.5) + (46 = 7.9)

Xy =h—g =46 —12.23 = 34.44mm b
X is the larger of ( x1,x2)
U=1-22_ 865<009
a 250 '
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Recalculate the Net section fracture strength:
A, = 2260 — (2 x 23 X 7.9) = 1896.6 mm?
@.P, = 0.75 X 0.865 X 1896.6 X 400 = 492.17 KN > 450 KN

C )Block shear strength:

l,=2+2*S+ Lel) =500 mm

l; = 60mm o S O eeeer O
Ag = 60 X 7.9 = 474 mm?

A = 474 — (1 x 23 x 7.9) = 292.3 mm?
Agy =500 X 7.9 = 3950 mm? L
A, = 3950 — (5 x 23 X 7.9) = 3041.5 mm? v

A
v

0.6F,A,, = 0.6 x 400 x 3041.58 x 1073 = 729.96 kN
E,A,; = 400 x 292.3 x 1073 = 116.92 kN
0.6F,A,, > E,A,;
- @R, = 0.[0.6F,A,, + FS/Agt]
~ @R, = 0.75[0.6 x 400 x 3041.58 + 250 x 474] x 1073
®.R, = 636.345 kn > 450 Kn

o For Plate:
a) Gross yielding design strength:
@B, = 0. AgF, = 0.9 X A; X 250 = 450 * 103
Ay = 2000 mm?

b) Net section fracture strength:
A, =A, =A; —(2x23%x12) = A, — 552

@.P, = 0, A.F, = 0.75 X (A, — 552) X 400 > 450 * 103
A, = 2052 mm?
Therefore, A, = 2052 mm? governs the design of plate

2052
> =z - L>171mm wuse plate (175 * 12)

c) Block shear strength:
Section 1:

l,=2x2*S+ Lel) =500 mm

l; = 60mm

Ag =60 X 12 = 720 mm?

Ay =720 — (1 X 23 X 12) = 444 mm?
Ay, =500 x 12 = 6000 mm?

Ay = 6000 — (5 X 23 X 12) = 4620 mm?

0.6F,A,, = 0.6 X 400 X 4620 x 1073 = 1108.8 kN
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E,A,, =400 x 444 x 1073 = 177.6 kN
0.6F,Apy, > F Ap,
(DtRn = ®t[0-6FuAnv + FslAgt]
~ @R, = 0.75[0.6 X 400 X 4620 + 250 x 720] x 1073
®.R, = 966.6 kn > 450 Kn

Section 2 tfl I 115
[, =60+46+ 14 = 117.5mm
Ay = 117.5 x 12 = 1410 mm? R
A, = 1410 — (1.5 x 23 x 12) = 996 mm? 60
Ay, =250 x 12 = 3000 mm?
Ay, = 3000 — (2.5 x 23 x 12) = 2310 mm? 461
0.6E,A,, = 0.6 X 400 X 2310 X 1073 = 554.4 kN I 115
E, A, =400 x 996 x 1073 = 398.4 kN b

0.6F,A,, > E,A,;
~ QiR = 0,[0.6F, Ay, + F;IAgt]
~ @R, = 0.75[0.6 x 400 x 2310 + 250 x 1410] x 1073
@:R, = 680.175 kn > 450 Kn
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