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Eccentric Connections subjected to Torsion(Bolted)
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Effect of torsional moments on bolts :
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It s required to design the connection shown in the
fig. using :

a) Bearing type non—pretensioned bolts M20 grade 4.6
b) Slip critical pretensioned bolts M20 grade 1710.9
c) Welded connection

d) Check the plate cross section in each case .

Data 8t 8t
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girder are as shown
1.80 m
— Spacing between columns = 6.00 m



Solution

Loads from crane girder

D

RL::*W S
L. D.L.

= 0.142 x6 =0.852 t

\ 0. w. |z 0

- P=R,, +Q (1+I)
=0.852 +13.6x1.25 =17.85 1

1
— @ =1.36 t

8t

l

A

8
/L -

o T
r

6.00 m

1p=13.6 t

a) Bearing type non-pretensioned bolts M20 grade 4.6
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2-Straining actions
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3-Calculate the force on critical Bolt and Check _3-Calculate the force on critical Bolt and Check p,1: 1

s r® = Z(x+y)—'n,x +4(u+y2 e )

P =12 (15)°+ 4 (T+ 12 + 20 ) = 4940 ont
Qx Mt 0.68

. R = _ 4.88 x 100 _
g AT
Q M
R,="Y 4yt _x 8.93 , 4.88 x 100
= *15 =2.23 t
Vo n T 2 ’ 12 T T 4940
2 2

RSS = 025FUb*AS*n
=(0.25 x4)+ (M)*fo =3.14 t

tpm =1.5cm assumed
" Rp = X% Fyex d *t pin

tmﬂge=2.20m
=08 %3.6%x20% 15 =8.641

. Ripgaet=8.14 t
Least R1<RLmt - Safe

b) Slip critical pretensioned bolts M20 grade 10.9

Slewsal) Taylia 5o aum gl suziall 50 5 5lansed) ole 55801 Glus G plins ¥

Bridges and cranes 4ale O §iSall 8 gacd) (yo §SJ o PS Jl
e ;= 3.85 ton (code pg. 106) (Bridges and cranes column)

0R1= same as before=3.01 ton < Rl .- Safe




-Check on the plate's section for case of non-pretensioned

1.5em
1
Assume t, = 15 mm
— Stravning actions .
] —
P S| €
e N =ZF =1'236= 0.68 ton 1S ¢ 7
E _17.85 NN
e @ =Y =109 _ 5925 ton o em
] 2 2
_ 0.1 ,
° M= 8.925+(0.3+ =5 ) + 0.68 *(0.36+ 0.02+02ﬁ) N
= 8.54 m.ton NT
N
— Properties of the plate:

e A = 484+1.5—(22+1.5)46 = 52.2 om”

4

3
2 2 2
e L= P25 (5422 41.5)@+2 +20) - 10128 om

— Check stresses

M 3.54
.f =£ + * Y = 0.68 * 100* 48

Anet I 52.2 © 10128 2
=0.85 t/em® < 1.4 t/em® safe

... _ 3 3 8.925
q =3 %net = 5 ¥ oo =0.25 t/om® < 0.84 t/em *

2 62.2
(safe)
-Check on the plate's section for case of pretensioned Bolts

I:>( using the gross area for the plate)
Safe (s HJGIL 4 Gross Area Jby Jeils oY aiwlye ) gliss 3
Net Area J\ 'yo J_.ST d.\ST Las Y




C) Welded connection y

Assume h = d = 400 mm 100410 | 100%10

—
size of weld = 10 mm 1
21em 20em
Properties of weld — P N -
° Awhz.=4 x10x1 =40 cmz "=1 —
20cm
o A =2 x40x1 =80 sz 210m

e Ay =40+80 = 120 em?® Y

40*1 2+4[(10*1)(40 )zj =27476.6 cm’

4
= 2[40*1*20}4["32*’ +(10%1)s 15" | =41333.3 om

Ix

w

4
I=1I+1 =68809.9 cm

— Strarnivng actions on weld

o sz 0.68 ton o Qy=8.93 ton

e M,= 8.93+0.5 +068(036+002+04 )= 4.86 m.ton

— Check stresses

0. 68 4.86x100
120 68809.9

. _ 3.93+ 4.86x100
qy 120 68809.9

°q. = « 21 =0.154 t/em”

« 21=0.222 t/em”

=V 0.15%+ 0.222% =0.27 t/om”
<0.2 E,=0.72 t/em®  (safe)

oo safe but waste we can dcrease the size of weld &

recheck.



-Check on the plate's section for case of weld

Sec(A-A)
Assume t, = 15 mm i/:_\\
A

I
|

— Straining octions : /
e N =0.68 ton o Q, = 8925 ton |

° M_= 8.925+0.3 + 0.68 *(0,36+0.02+0:2;48) '

= 8.1 m.ton Lﬁcm
— properties of plate: |
A = 43*1.5 = 60 em? T 1 40em
I = 401’:‘27-5 - 8000 om *
— Check stresses y
M
. f _ N N Yo 0.68 3.17%100 40
A, 1. "7 60 ' gooo ' 2
=0.786t/cm* < 1.4 t/cm’ safe
eqgq =3 Q& _ 33,8925
1% 4 =260

net

=0.099t/cm* < 0.84 t/em * safe



Example :-

IS — || i
| |Detail A
E oz =15ton |¢ 400 |,
FEin =1.2ton 100 Fpox =15ton
_ _ Fin =1.2ton
Fruz =2.0ton | | Eraw =2.0t
v maz =2.0ton
Ein =zero | | Bnin =zero
HEB | | HEB
400 | | 400
20
| ! ,
| || Detaal A
| All dimensions are
| |
| || mn mm
i [ 2 upnN 300
|

600

For the industrial building shown wn figure, it is
required to design the crane bracket connection to the
man frame column at A using M24 Grode 8.8

(Bearing type monpretensioned bolts)
(Threads are excluded from shear plane)

Then design the bracket plate.



Solution

Lol s goule

Pretensioned bolt Ll e Lsls Grade 8.8 juoluw plaxi) boyd) e
non—pretensioned o Liay non—pretensioned ;oS5 o (Seadl ad

1-Dimensioning

assume h=1.25.600= 750 mm
_’p=4¢ =4 * 24 = 96 mm

n_h _750 _
5=p =95 =78 —
take X = 7 bolts

2
take P=100 mm

take e =g=50 mm

%:7 bolts —= h =7 x 100 =700 mm

_250

b,

C =600—{00

= 500 mm

300

Q

I
R R

!
4}4&4}%4}4&4&



2-Straining actions

|: 400 |, 400
Epin =1.2ton | 100| Enaw =16ton Bnax =16ton | 1oo| HM =16ton
v I |y Bag =20ton Fnae =zoton, | T 4, Fue =20ton
HEB | | HEB HEB | | HEB
400 | | 20 400 400 | | 20 400
= ==
| 350 | 350
et | et
|
[ 2 upN s00 ! 2 UPN 800
L ] L ]
4I/ 600 ’II/ ’II/ 600 ’II/
Case of maximum Case of maximum
torsional moment shear force

a)Case of maximum torsional moment :

1 Iy _ ¢ )
o Qx == ° Qy 5 = > = 8.1 t

0 Mt = (15/2) (40 +30) + (2/2)(40 +2.0 + 35) —(1.2/2)(40 +30)

= 5660 ecm.ton

b)Case of maximum shear force :

_g_(2+2)_ _@ (15+15)
Q= =1 = 20t Q= =000 = 15y

° M, =(2/2) (40 +35+2)x 2 = 154 cm.ton

3-Calculate the force on critical Bolt and Check Bolt 1

We have to check on the critical bolt two times
(For the two cases)

S rf= s (@+Y) = na® +4(yFyf--)
2 2 2 2
L SP¥=14 (25)" + 4 ( 10 +20 + 30 ) = 14350 on?




a)Case of maximum torsional moment :

x
. R t 1.0 560 _
_9 + # Y1 =gt Sgaes ¥30 =1.24 t
Qy
__J t 8.1 560
= + * Xy — =
2 2
. R, _—\/1.24 +1.55 = 1.985 t

- R =0.20Fp*As*n
=(0.20 *8)*(1%’)2)*1.0=9.04 ¢

tplm =1.5em assumed
Ry = X Fygx d *t,,

tmﬂgg—-z.Zcm
=08 %36%x24%15 =1031

R1<R“w - Safe

b)Case of maximum shear force :

Q M
. R.= + t __20 154 _
Qy M
_ t 15 154
- + * Xy = =
n s 2 1 74— 1 74350 *20 =134 t
2 2
. R, =\/0.46‘4 +1.34 = 1.41 ¢
R, .= 9.04 t
R,<R,,,w - Safe

A o Hlewadl Loglie o 500 I8 Hladd) ole Labudadl 5,801 of Lo
sae Jul#s 5 Platedl glis,) Julis (Seadl oo <A g Waste preai)l oL
Checks JI solel 4 jr0lindl



Design the bracket plate :

sle Straining actionsJl cawso

r -
0¥ ks sl ganl o Plate)) —— || || = fmae SR0t0R
LLS Bl | [ HEB -
OoBilaie 2 brackets JI 4 400 -
| N |20 /
tAINE Y /
|1 500, 1
Assume l:I:—|—|—?E|| \
tp = 15 mm i T~ 2 upwn 300 \
— Strawmning actions L - 7
< L 600 ! | Ve
1 I 1.5em
B, 2.0 Ml
e N = =2 = 1.0 ton -
F, 15.0
_ 'y _15.0 _
° Qy—z—z = 7.5 ton 18 /
o M = 7.5x(0.4+ % S| g
2 070 S
+ 1.0 *(0.40+ 0.02+—5—) N : !
=4.14 m.ton 0‘7
) S 70cm
— Properties of the plate: .
e A = 7041.5—(2.6x1.5)47 = 77.7 om? e 7
3 QO
2 2 ©
° Ix= 701’;1'5 —(2*2.6 *1.5) (10 +202+ 30) NI
= 8719565 cm4
— (Check sitresses
_ 4.14* 100 70
o f = N 4 M y— 1.0
A pet I, * 7.7 * 371955 * R
=0.46 t/om’ < 1.4 t/em® safe
o =3 @ _ ;‘3’ 7.50 — 2 2
I =5 4., 2*yry =006 t/om’ < 0.84 t/om

Waste 59 1 3,0 Check JI alel 5 Plate J) clow yabuas oSad) oo (Safe€)



| 300

dano

8,55

Wl s 50 5 ALl Ul Luis o)

100

’ 400 |,

Fmax

=20ton
=2.0ton

E min

EBrax =15ton
Fnin =1.2ton
Frax =1.2ton
Enin =zero
HEB
300

_V==>
y mi

400

|
|
| HEB
|
I

| 2 UPN 300

600

Bz =1.6ton
=zero

|

olel Jlat lay ) LWl Joss Mazimmum Torsion J) Uls Jeo aic
Total Load

|¢ 300 |,
Bpgn =1.2¢0n | 100 | 0 |Emu; 20t
— ~eon
l T b e
HEB | HEB
300 | 20 400

3850

S - 1
°

Case of maximum
torsional moment

J 2 UPN 300

F

maz =15ton | 100|

’I&k |= 400 |,

Epnaz =20ton

Enax =1.2ton F —| — Y Bnax =1.6ton

HEB | |

HEB
300 | 400

| 20

360

|
2 UPN 300
=

Case of maxrimum

shear force




a)Case of maximum torsional moment :

P
1.6
on-'—'g:: 2 ::0.8t .Q 20+12 _106t

o M = (20/2) (40 +30) + (1.6/2) (40 +2.0 + 35) —(1.2/2)(30 +30)
= 725.6 cm.ton

b)Case of maximum shear force :

— g — (1.6+1.2) _ P 20+15
cQ =T =(16212) = 1.4t o @ =_J =(20415) =475,

o M, = (20/2) (40 +30) + (1.6/2) (40 + 2.0+ 35)

- (15/2) (30 +30) — (1.2/2) (30 + 2.0+ 35)
= 271.4 cm.ton

L

Lo b (o Straining actionsJl cuuss bracket plate J) e
g ¥ Lol e 58T Latad Loads Lay ) ol oo sl G (aadl

/|54oo |\, T~
| Fpaz =20ton \\
[
i 17
.N_Px 1.6 | N ___>E,.¢,=1.6ton/
=5 =3 = 0.8 ton _ | / | HEB //
p A 400
g = v .200 _ . | |20 /
° y— 2 2 = on |+ | /
0.1 H I /
° Mx_ 10 *(0 4+ = 5 | 500 || \
+0.8 *+(0.40 + 0.02+ 270 70) !+ +! |
— I I'[[ 2 upN 300
= 5.12 m.ton L 7 —
L 600 1y,
A }lA’I y
-



deacdl (g e Section J| ;S Welded connection J) Ul 43

T
/ | 400 4 T —
L 1«;,.¢,=20ton\\
\
i N
| | | ¥y Fnas =1.6t0n
1 | |I HEB -
| A|/20 400 Y
| i /
R (\
i il 2 uPN 300 )
L I _
y’ 600 4|J| s
A /
L/
P .
= =126 = 0.8 ton
B .
=2y=2200=10to'n
=10 *(0.4)
+ 0.8 *(0.40 + 0.02+0'2ﬂ)
= 4.62 m.ton
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