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Course Overview:

Student will learn basics of DSS from these 40 hours course. The subject has the significance to
understand the types of structural steel members. Students will be able to analyze the structural behavior
and design under the different loading like Gravity forces, lateral forces (wind & seismic loads),
temperature effects, vibrations etc. Students will learn about the types of structural steel elements as
connections, tension and compression members, members subjected to bending or beams, roof truss,
steel bridges, steel tanks etc. with corelating to Indian standards. DSS is the main requirement for the job
role in the companies like Tata Steel, Jindal steel & Power Ltd, L&T construction etc. Most of the
questions asked during the placement drive for these Company are created from this subject. Student

should learn and develop problem solving abilities using DSS in order to get a good job in top civil

engineering company.

Course OQutcomes:

CO.NO. | Cognitive Level | Course Outcome
. Learner will be able to solve the designing of tension and
1 Analysis .
compression members.
. Learner will be able to solve the designing of beams and beam
2 Evaluation
columns.
3 Synthesis Learner. will be able to solve the designing of bolt and weld
connections.
4 Synthesis Learner will be able to solve the designing of the gantry girder.
5 Application Cla.lss.lfy and design the structural steel components of industrial
building.
Prerequisites:

1. Analyze characteristics of water and wastewater

2. Students will develop an appreciation for the importance of environmental engineering as a major
factor in preserving and protecting human health and the environment




Course OQutcome Mapping with Program Outcome:

Course
Outcome
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Course Coverage Module Wise:

Lab No. | Exp. No.

Name of Expeniment

Case study of foot over bndpes/truss- airder bridge in vicinity home town of the
students, preferably in groups of 8-10 students. A report including photographs
marked with names and section details of different members in 1f

Case study of [oof over brdges/truss- girder bridge in vicinity /home town of the
students, preferably in groups of 8-10 students. A report including photographs
marked with names and section details of different members in i

1l

Case study of foot over brdges/russ- girder bridge in vicinity home town of the
students, preferably in groups ol 8- 1U students. A report ncluding photographs
marked with names and section details of different members m it

Case study of a structure using tubular sections or light gauge sections in vicinity
/hometown of the students, preferably in groups of 8-10 students. A report
including photographs marked with names, size and section details of different
members in it
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Faculty Lab Manual Link
1. https://r.search.yahoo.com/_ylt=AwrxzALI4gxhC3UAPWu7HAX.; ylu=Y29sbwNzZz
MEcG9zAZEEdnRpZAMECc2VjA3Ny/RV=2/RE=1638749029/RO=10/RU=https%3a

902t %2fwww.iare.ac.in%2fsites %o2fdefault%2ffiles % 2flab1 %2fEnvironmental Engin
eering%?2520 Laboratory LLab MANUAL.pdf/RK=2/RS=weglOPvdQ xKJ3fWIJJE2I

P5K808-

Assessment Methodology:

1. Practical exam Of Environmental lab Experiment
2. Internal exams and Viva Conduct.
3. Final Exam (practical paper) at the end of the semester.




Techno India NJR Institute of Technology

Academic Administration of Techno NJR Institute

Syllabus Deployment

Name of Faculty : Mr. Rakesh Yadav Subject Code: 6CE4-22
Subject : Steel Structures Design
Department - Civil Engineering Sem: VI

Total No. of Labs Planned: 6

COURSE OUTCOMES HERE (3 OUTCOMES)
At the end of this course students will be able to:

COl. Able to get the knowledge about design of joints and design of structural steel members subjected to
tensile and compressive force.

CO2. Able to design the beams and columns under various loading and supporting conditions..

CO3. Able to know the design of structural systems such as roof trusses.

Lab No. | Exp. No. Name of Experiment

1 1 Case study of foot over bridges/truss- girder bridge in vicinity home town of the
students, preferably in groups of 8-10 students. A report including photographs
marked with names and section details of different members in it

p? 1 Case study of foot over bridges/truss- girder bridge in vicinity /home town of the
students, preferably in groups of 8-10 students. A report including photographs
marked with names and section details of different members in it

3 1 Case study of foot over bridges/truss- girder bridge in vicinity home town of the
students, preferably in groups of 8-10 students. A report including photographs
marked with names and section details of different members in it

-4 2 Case study of a structure using tubular sections or light gauge sections in vicinity
/hometown of the students, preferably in groups of 8-10 students. A report
including photographs marked with names, size and section details of different
members in it




Techno India NJR Institute of Technology

Department of Civil Engineering
3ra Year - VI Semester: B.Tech. (Civil Engineering)

6CE4-22: Steel Structures Design

1. Find the shape factor of a rectangular section.

Design of Steel Structures

L _~tv \ )
x d. (Refer Fig. 10.13)

Solution:
(i) Shape factor for rectangular section of size b A )
where f, = yield stress and z = section meq
Jy ulyg

Yield moment (M) =1, " 2

- 1 Tz Here, I,=1,
Ymax
2
g bd® 02
=Jy ,//z'

(c) Fully plastic stress diagram

(b) Bending stress diagram

(a) c/s of beam
Fig. 10.13 Stress diagram for rectangular section

bd*
e M)’ = fy L T
Let, A; be the area under compression and A, be the area under tension respectively.
F_=F, F_ = compressive force
F, = tensile force

as A = A, = %
Now,
Plastic moment capacity is the moment of resistance when yield stress is ‘j;, at all fibres.
M’,=F',_.-yl +F, Xy,
=HA Y +LA Yy,

eI VY
e/ 2[ +4]

A d but A=bd
2 2 'll = =
A-d

= fy.T

. bd?



M TG ANa]vei
shape factor (§) = —2. e
¥

R

-__—-\z.(l
B Bl 4

S=
| 15 For Tectangular Section

kL)
o

2. Calculate Plastic Moment Capacity required for Continuous beam with
working load as shown in Fig.

40 kN
20 kN/m
A B
Mp C
& 20,
'r- 2m : 2m 1
' 6m

Solution: Load factor = 1.5

Collapse load on AB =40 x 1.5 = 60 kN and

Collapse load on BC = 20 x 1.5 = 30 kN/m
The loading is shown in Fig. 10.34.

60 kN 30 KN/m
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Fig. 10.34 Beam mechanism
(I) From Collapse Mechanism-i (Refer Fig. 10.34)
20 =58, =20
,IntemalWD=Mp(9+9)+Mp-6=3MP-B

- External WD = 60 x 5, = 60 x 26 =1200
From the principle of virtual wolk

Internal WD = External WD
3M, & =12048



M =120 _ 40 kNm
r= 3

Plastic moment capacity of AB span = 40 kNm.
(IT) From Beam Mechanism-II (Refer Fig. 10.34)
3.516 0, = 8, = 2.484 0,
_ 24840,
1™ 3516
Internal WD = M, - 0, +2M, 0, +6,)
= 0.706 M,, - 0, + 2M,, (0.706 0, +6,)
=4.118 M, 6,

0, = 0.706 6,

External WD = (30)(6))(82—2 =90 x 2.484 6, = 223.56 0,

Equating, internal WD and external WD
We have,

4.118 M, - 5 = 22356 94

M, = 54.288 kNm

Plastic moment capacity of BC span = 54.288 kNm
The higher value of plastic moment is the required moment capacity of beam

M, = 54.288 kNm

4 Determine plastic moment capacity of the section required for frame
shown in given Fig. Load are working load factor = 1.75. Asume

same M, for all members

B0 ¥N
40 kN . l

C
3m am j

4m Am




(i) Beam mechanism (Refer Fig. 10.38)

rerbem P
Internal WD =M_0 + M_0 + M - G °
! p p ,,(9+9) 4Mp9 Fig.10.37
External WD = 140 x & as, 5 =30
=4200
Eauation, Internal work done and external workdone

We have, AM,S = 4208

M, = 420 _ 105 kNm
4

Plastic moment capacity of beam BC = 105 kNm
(ii) Sway Mechanism (Refer Fig. 10.39)

Internal WD = MPB + MPG + MFB + MPB
Fig-1038
= 4MP9
External WD = 70 % )

=70 x 40 as, 5 =40
=2800
Equating, aM, B = 2808
Mp='70 kNm

(iii) Combined Mechanism (Refer Fig. 10.40)
Internal WD = Mpg + MP(() +0)+ Mp(] + MP() + M,,O =6 Mp-()
External WD = 70 x 8, + 140 x 8,; §; = 40
=70 x 40 + 140 x 30; 6,=30
=7000
Equating, internal WD and external WD.

Wehave, 6M,-f = 700- §

700

Nowiis

P 6
M_=116.67 kNm

P

~.Plastic moment capacity of frame is the highest of
above

| M, = 11667 KNm



5 Explain the Types of Bolted connection and write the failure modes of
bolted connections.

Bolted Connections

Connections are always needed to connect two members. It is necessary to ensure functionality
and compactness of structures. Prime role of connections is to transmit force from one
component to another. Steel connections can be made by bolts or welds. Connections accounts
for more than half cost of steel structure. Connections are designed more conservative than
members because they are more complex.
1. Types of Bolts

1) Unfinished Bolt — ordinary, common, rough or black bolts

2) High strength Bolt — friction type bolts
2. Classifications of Bolted connections:

1) Based on Joint:

2) Lap Joint

3) Butt Joint

4) Based on Load transfer Mechanism:

5) Shear and bearing,

6) Friction
3. Grade classification of Bolts:

e The grade classification of a bolt is indicative of the strength of the material of the bolt.

The two grades of bolts commonly used are grade 4.6 and 8.8.
e For 4.6 grade 4 indicates that ultimate tensile strength of bolt = 4 x 100 = 400 N/mm?2
and 0.6 indicates that the yield strength of the bolt is 0.6 x ultimate strength = 0.6 x 400

=240 N/mm?2
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6. Find the efficiency of the butt join shown in figure. Bolts are 16mm

diameter of grade 4.6. Cover plates are 8mm thick.

3 50 30, 30 50 30

ll60mmx12mm

b0

90 : 160
mm 'I mm
35 @

Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75)
Vdsb = Vnsbymb

Vnsb= fu\/Sx [nnAnb +nsAsb] Vdsb

= 400V3x1.25x [(2 x0.78 x w4x 162) +(0 x w4x 162)]

= 57.95 kN

Bearing Strength: (1S 800:2007, Clause 10.3.4, page no. 75)
Vdpb = Vnpbymb
Vnpb = 2.5kb dtfu

Vdpb =2.5 x0.56 x 16 x 12 x 4101.25 = 88.16 kN

e = 30mm

p =50 mm

e/3do = 30/ (3 x 18) = 0.56;

p/3do — 0.25 = [50/ (3 x18)] — 0.25 = 0.67;

fub/fu = 400/410 = 0.976;



Efficiency of the joint = [Strength of the Joint per pitch length/ Strength of solid
plate per pitch Length] x100

Strength the joint per pitch length = 57.95 kN

Strength of solid plate per pitch length = 0.9Anfuyml (clause no. 6.3.1, page no. 32, IS
800:2007)

= 0.9% (50-16) x12x4101.25

= 120.44 kN

Efficiency of the joint = [57.95120.44] x100

=48.11 %

. Compute tensile strength of an angle ISA 150X115X8 mm of Fe 410 grade
connected with gusset plate for a) Gross section yielding b) Net Section

rupture.
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8. Design a single Equal angle 100 x 100 x 8 mm, connected to a gusset plate at the ends

with 20mm diameter bolts with the connection length of 250mm to transfer tension.

10d
wi=67.75
w=100

Net area of connected leg (A,c) = (100 — 8/2——2“1_5_); 8 =596 mm’
Gross area of outstanding leg (Ago) = (100 -8/ 2)>< 8 =768 mm’
Area of gross section (Ag) = (100+100—8)><8 =1536 mm’
Yield stress of steel (f,) =250 MPa

Ultimate stress of steel (f,) =410 MPa

Minimum End distance of fastener = 32.25 mm

Minimum Edge distance of fastener =32.25 mm

Strength as governed by Rupture of Critical section:

Table 10.1
Shear Lag Distance (bs) = 160 mm
Connection length (L) =250 mm
Hence B =14-0076x(w /)x(f, /£, )x(b, /L.)
=1.4-0.076x((100/8)x(250/410)x(152/250) = 1.03
Clause
Tensile strength, Tan = 0.9x A, X( £, . )+B XA, X(fy /Y ”’0) 6.3.2

(410 (250
=0.9%x596%x| ——|+1.03x768%| ——| = 356 kN
|\1.25 |) | .1 |}



Strength as governed by Yielding of Gross section:
Tensile strength, Tas = A, ><(fy /Ymo) = 1536x(250/1.1)

=349 kN
Hence yielding of gross area governs the member strength.

Therefore Design Tensile Strength of the member, T, = 349 kN Clause 6.2

9. Design the tensile strength of section ISMB300 with gusset plate connected to the
flange. The section is connected to end gusset plate by using four rows of 18 mm bolts

at a section and a connection length of 100mm.

Section properties:
Gross area A = 5626 mm”

Depth of section D = 300

140
T

| |

| : g |

| — | l

TV T
mm Breadth of flange '/'( T GGy
Gusset plate T
b=140 mm
Thickness of flange ts | —w= 300
=12.40 mm
Thickness of web ty, = 7.5 mmNet ———rGussetplate
| TV A |
T

area of connected leg (Anc)

= 5626-(300-2*12.4)*7.5-4*19.5*%12.4

=2594.80 mm’

Area of outstanding leg (Ago) = (300 - 2><12.4)>< 7.5 = 2064 mm’
Tensile strength by yielding of gross section:

Tas = Ag X fy [Y o = 5626x250/(1.1x1000) = 1279 kN



Tensile strength by rupture of critical section:
w1 = (g)/2 = 40 mm; w = 300/2 = 150 mm Clause 6.2

bs =150+ 40— (12.4+7.5)/2 = 180.05mm ; L= 100 mm
6 = 1.4-0.076x(w £)x(f, /£, )x(b, /L.)
=1.4—0.076x (150/7.5)x (250/ 410) x (180.05/100) = -0.268 < 0.7

Hence 8 =0.7

Clause 6.3.3
T = 0.9% A X(fu Y B XA, x(f, /1,0)

=((0.9x2594.8x 410/1.25) + (0.7 x 2064 x 250/1.1))/1000
=1094.35 kN

The tensile strength of the section is 1094 kN.

10.Design the compressive strength of the column section ISLB 500 @0.75 kN/m with the
effective length of the column as 5 m. assume the buckling axis as y-y axis and basic

yield strength (fy) as 250 mPa.

Section Properties:

Gross area of the section (Ag)=95.50x10 2mm’

Depth of section (D) =500 mm

Full Width of flange (by= 180

mm Thickness of flange

(t))=14.1 mmThickness of web

(tw)= 9.2 mm Radius of

gyration (ry)= 33.4 mmRadius

at root (r;)= 17 mm



Yield stress (fy) = 250 mPa

Section classification:

€= \/@ =1
f
Flange:
b=b/2=180/2= 90 mm
b/ty =90/14.1 = 6.38<94¢ (Plastic)
.. Flange is fully effective
Web:
d =D-2xtr-2xr;
=500 -2 x 14.1 -2 x17 = 437.8 mm
d/tw =4378/92 =476>42¢ (Slender)
. Web is not fully effective Section is classified as Slender
Net area of the section =Ag—(((d/tw)— 42) x tyxty)

= (95.50x107) — ((47.6—(42%x1))x9.2x9.2) =90.77x10 > mm *
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5 COLUMN BASE

5.

e jon is necessa for a column to distri

Foul’ld“" o s‘lylnuld o distribute the column load ici

T pressure on bas ©t exceed the bearing ¢ ©n sufficient area of the soil so that

column gy -
hould be within the bearing strength of the conc
cos jumn load on sufficient area of concrete

st d. >od apaci

load should be applied on sufficient arca of the cin‘::_‘r'yl ": e
“rete fou

rete. A steel plat

= € «

foundation. :

Base plate may be used of the following types depending on the load on the column:
() Slab base 7
(i) Gusseted base

soil. Tt is also important that the
M so that the stress in concrete
therefore used to distribute the

Flange of column

5.9.1 Slab Base
594t =

For columns carrying small loads,

slab bases are used. It consists of a

base plate (placed underneath a Cover plate b et
machined column end) and cleat angle
angles. The machined column end Holding down bolt

Flange cleat angle
transfers the load to the slab base by (Rag bolt)

direct bearing. The column end is
connected to base plate by welding
or by means of bolted angle iron
cleats. No gusset plates are required
for connecting the slab base. Fig. 5.15

- Cement concrete base
shows the details of slab base.

Isometric view

|l=— Cement concrete base

Base plate

Anchor bolt

k=]
Plan
_,\l 1
+ +
Cover plate . b
+ +
Column e 2
web cleat angle = B :
Flange cleat angle : .: s e
=t bolt
Cement concrete I ‘.
base ok

Side elevation
Front elevation

Fig. 5.15 Slab base

Dexj =
9.2 Gusseted Base SEN of Compression Mambers 163 \
5.
arrying heavy loads, gus
olumns < . sseted bases o
For h the gusset pla.(c:s attached to the flanges :: are used. The loads s
g <). In addition to the gussect plates. . the colu

th le: mn b -
ang = . s, Y mean = <
sselic - f base plate in this P i leat angles ar 8 s of angle iron cleats (also called
Gd,

be used to oo - &
oA “he bearing area of the column on b less than the thic Pnnect the colummn to b 2
Joa -

Column

Gusset plate

Cleat angle
Holding down bolt (Gusset angle)
(Rag bolt)

Isometric view

|=—— Cement concrete base
S i 5 e Base plate
- -
12 [=— =+ Anchor
ad —— = /_
—— ——
= i == /
- - /
> = -
Plan

Column

Gusset plate

web cleat angle

Flange cleat angle
Base plate

Cement concrete
base

Front elevation

Fig- 5.18 Gusseted base
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problem 5.9 T T

© . he base plate for an ISHB 300 @
fl?cc 21%3 tgl:adt‘: steel and M 25 grade con?rf:’ttf N/m column to carry a factored load of 1000 kN. Assume
olution: (i) Given data

Design the base plate = ?

Column ISHB 300 @ 618 N/m

Factored load = 1000 kN

= 1000 x 10* N
For, Stecl Fe 410; £, = 250 Nimm?
Concrete, M 25; o = 25 N/mm?
(ii) Properties of ISHB 300 @ 618 N/m (Refer steel table)
A = 8025 mm?
h =300 mm by=250 mm
te= 10.6 mm t,=9.4 mm
I,,=129.50 x 106 mm*, r,=127.0 mm
I, =2246 x 10° mm* r,y = 52.9 mm
(iii) Bearing strength of concrete
=045 f,
G, =045%x25=1125 N/mm’ Sy = ..P,_
3
Required area of base plate = % = 88.89 x 10° mm’ A

: 2
ate of size 400 X 350 mm with area 1,40,000 mm

Use a rectangular base pl
8 . wn in Fig. 5.31.

If ISHB 300 is kept at the centre of base plate, as sho
o 400 eer®]
T T 50 mm

20 mm¢ Anchor bolt

250 mm
/

Base plate




-

N

188 : Design of Steel Structures \]
‘ ailable on each side as shown in Fig. 53] above, |

The projections of 50 mm is av
The bearing pressure of concrete !
"= “Area of base plate

1000 x10?
= 200 % 350

FUN AN NS

=7.15 N/mm? < 11.25 N/mm? .. gup

Projections @ = b = 50 mm

(iv) The thickness of base plate: (Refer 1S:800-2007)

Q Lo [ (@® -0.36%)v,,,
ot . %
LEe
= Fﬂ.wx(soz ~0.3x502)x1.10
- 250
=11.75 mm>tf= 10.6 mm Safe

=say 12 mm
.. Provide the base plate for ISHB 300 @ 618 N/m column is 400 x 350 x 12 mm.

(v) Welded connection
Use 8 mm fillet weld all around the column section to hold the base plate in position.
Total length available for welding = 2 x 250 + 2 x 300 — 2 x 10.6 — 2 x 9.4 = 1060 mm

or 2(250 + 300 - 10.6 — 9.4) = 1060 mm
. Capacity of 8 mm weld = 0.7 x 8 x 189 — 944.8 N/mm
Length of weld required = 1000 x 10%944.8 = 1058 mm < 1060 mm

- 8 mm the fillet weld is adequate.

Problem 5.10

Design the base plate for a column made of ISHB 250 @ 51.10 ko/ .

780 kN. The grade of concrete used is M 20. Assume Fe 410 gradegsrtzetlo carry a compressive Ioa)dl(zj{
' [MTU 2011-

Soluation: (i) Given data:
ISHB 250 @ 51.10 kg/m

Compressive load = 780 kN = 780 x 103 N
For M 20 grade concrete, f, = 20 N/mm?2
Fe 410 grade steel, f, = 250 N/mm?

Ymo = 1.1, ¥,y = 1.25 (For shop welding)

(ii) Properties of ISHB 250 @ 51.10 kg/m (Refer steel lqblc)

- 21 iy :
A = 64,96 cm*, h =250 mm g _ s
(= 9.7 mm 4y =69 mm am
I, =7736.5 em* 7 T = 1091 ¢, =549 .
o g% N cm.

T



T

s

L= 2(250 + 3;2._. 0.7 - 6.9) = 966.8 mn,
Load
i
1d required = strength of weld

d=0_7x8X180=9

n to hold it in position.

32)

he colum

Length of we

Strength of 8 mm <! :
1 required = 11%_4“_“_?_ = 806.78 < 966.8 mm - Sy,
I.Cngt'h of we Q R

44.8 N/mm

ick 1 te.
Fillet weld of § mm thick is adequa

e

M‘m 5.11 HB 35.0@710 N/m with two plﬂ‘es 450 mm x 20 mm ...

; base for a column ISHE . crete pedestal wi P
D eed load of 2500 kN. The column is (o be supported on concrete pedestal with M 1 o,

concrete.

jon: (i) Given data: i
Column ISHB 250 @ 710 N/m .
FacmredlaodP,=.500kN=2500 x 10° N
Plate size = 450 mm x 20 mm .
For M 20 grade concrete f = 20 N/mm"~

(ii) Properties of ISHB 350 @ 710 N/m
A=9221cm’

h =350 mm, bf= 250 mm
= 11.6 mm, ¢, = 10.1 mm
(iii) Bearing strength of concrete = 0.45 £,  (As per 1S:456-2000)

=0.45 x 20 = 9 N/mm?
<. Required area of base plate

R k.

7 B Bearing strength
_ 2500x10°

9
= 277.78 X 103 mmz
16 mm gusset plate
=350 +2(20 + 16 + 150)
; : =722 mm say 750 mm
A Length of base plate = 2777810

= 37037 mm say 500 mm

Assuming, ISA 150 x 150 x 15 mm and
Width of base plate required



/ he‘i ‘
R gnof O
G Size of base plate = Of Compression Members 191

A provided = z;(: * 200 mm
000 » 7
7 78 X ln‘

Now: . S OK :
undeyr base plate = q00\10‘ <

msslln‘
375000

= 0.67 N/mm? <Y N/mm?

Are

{re YT a
6o Webe = ¥ MPa, Tor M 20 conc,) . Safe
20 mm 16 mm ”
" 150 ‘J{l}_‘ 20 mm
B 350 \.H
,— Cover plate .

r—f

N

|

4 4

B
-
500 ¢ L | J A ISA
mm [|SH83505 //»’— 150 x 150 « 15 mm
i 1
1 Bk | - 4

W = 6.67 N/mm

Fig. 5.33 Plan and loading diagram
750 —2(20 +16) =350

a= 2
= 164 mm

B.M. at the section X-X per mm width
2 642
Wa® _ 6.67X10% _ §9.7 x 10 Nmm

——

BM.gn="72" " 2

Reaction 7
1 A
10n > due to upwurd earth prcssurc

-

= ———=

,»w; L 6.67;(750 TN

(SR



steel Struclurcs

|
7y 320 \

2
Y = 6.67 X 3757 — 2 2

at section Y-
> - _ 468.98 x 107 = 250125 X 175 = 3156, |
& Design BM- = g0.7 x 107 Nmm "
‘ [oh .
h= Sy 250 _ 227.27 N/mm?
Bending strength = o .
i ign B.M.
Equating momenl of resistance to design
S Ze = B.M.
Y"!r}
= —b’tz- b =1mm
Z,= 7
2
1.2x250%X—
6 —89.7x 10°

1.1

{=4442mm say 56mm
Provide base plate of 750 x 500 x 56 mm

(available thickness of plate as per steel table)

(iv) Connection
Assuming ends of columns are faced for complete bearing and the connection between gusset platz z;
column will be designed for 50% of axial load.

Design load = %x 2500 = 1250 kN

1250

Load on each face = Ty = 625 kN
Using 20 mm diameter shop bolts,
(a) Strength of bolt in single shear = 0.78 g 20)% x -
< J3x1.25

=45.27 x 103 N
(b) Strength of bolt (20 mm) in bearing (16 mm gusset plate)

= 2.5%0.5%20x16x 400

1.25
=128 x 10° N

4527 x 103 N

Bolt value

n

No. of bolts required = M
45.27x%103



