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Chapter 1: INTRODUCTION
The construction of steel buildings began hundreds of years ago, but up until recently the
advantages of using steel structures are still unknown. By the end of the 18th century the
first steel frame skyscraper was the Home Insurance Building (originally 10 storeys with a
height of 42 m) in Chicago, Illinois in 1885. During the Second World War, the practical
benefits of the use of steel structures were first realized when it became clear that steel
components could be assembled quickly to form a structure. This saves both time and
money, making steel the practical choice for any new structure being built.
Today Taipei 101 broke the half-kilometre mark in height; it was already technically
possible to build structures towering over a kilometre above the ground. Proposals for
such structures have been put forward, including the Mile-High Tower to be built in
Jeddah, Saudi Arabia and Burj Mubarak Al Kabir in Kuwait. Kilometre-plus structures
present architectural challenges that may eventually place them in a new architectural
category that need civil engineers to construct this challenge.
Steel structures can be building up faster than conventionally built structures with
reinforced concrete. This is because the primary parts of the building can be prefabricated
and assembled beforehand in factories. Steel buildings, whether commercial or
residential, are easy to build, maintain, and expand.
The structure material of steel induced me to research about their properties, and more
specifically to study a project related to moment capacity in simple steel connections. The
concept of simple connection was introduced many years ago in steel structures are
designed by assuming that beam to column joints are pinned. From these assumptions,
they disregard the true behaviour of joints in moment. In theory such connections of these
properties are recognized by many scientists, but negligible in designing steel. It is
required that the moment resistance must be checked in an individual basis for each
connection and no simple rules are available for its assessment.
The actual moment rotation that transferred from beam web to column web through the
simple connections is not truly known therefore considered as negligible. In this study,
experiments were done to determine the moment capacity of simple steel connections
when load forces are applied to the specimen to cause moment in the joint. The initial
connections designed for the test specimens were based on Eurocode 3 guidelines. The
actual moment rotation between the column web and beam web is determined from strain
data obtained during testing.

1.1 Economic Benefits
The economic benefits of simple joints are well known and much has been written about
their use in braced frames, but does not take the advantages of structural benefits.
Nevertheless they are seldom used by designers, because simple connections do not
have rules for analysis in moment capacity. Also design of frames using them is difficult
and cumbersome. In fact, the issue with the design becomes more difficult because the
rotational behaviour of beam to column connections are not provably accounted for and
experimentally.
1

Chapter 2: LITERATURE REVIEW

2.1 Beam to Column
Beam to column are structural member which combine the beam function of transmitting
traverse force or moment with the compression or tension member function of transmitting
axial forces.
Theoretically all structures member may be regarded as beam to column since the
common classifications of tension members, compression members, and beam are
merely limiting examples of beam to column. However, the treatment of beam to column
in my project is generally limited to member in vertical point load in the beam.
Beams to columns may act as if isolated, as in the case of eccentrically loaded
compression members with simple end connections, or they may form part of a rigid
frame. In this project are checked the behavior and the design of isolated simple
connection of beam to column.
Connections or joints are used to transfer the forces supported by a structural member to
other parts of the structure or to supports. They are also used to connect braces and other
members which provide restraints to the structural members. Although the terms
connections and joints are often regarded as having the same meaning, the definition of
EC 3-1-8 part 1are slightly different, as follows.
A connection consists of fasteners such as bolts, pins, rivets or welds and the local
member elements connected by these fasteners and may include additional plates or
cleats. This project only deals with simple bolted connections; therefore, the background
information pertains mostly to simple bolted connections. Bolted connections became
popular during the 1950's used to replace rivets in connections (Kulak et al. 1987). Until
that time only rivets were used in connections. Today bolted connections are very popular
because they are relatively inexpensive compared to field welding, and they are easy to
install.
A joint consists of the zone in which the members are connected and includes the
connection as well as the portion of the member or members at the joint needed to
facilitate the action being transferred.
The arrangement of a joint is usually chosen to suit the type of action (force, moment or
combination) being transferred and the type of member (tension or compression member,
beam or beam to column) being connected. The arrangement should be chosen to avoid
excessive cost, since the design, detailing, manufacture and assembly of a joint is usually
time-consuming, in particular the joint type has a significant influence on costs. For
example it is often better to use a greater member rather than stiffeners since this will
reduce the number of processes required for its manufacture.
A joint is designed by first identifying the force transfers from the member through the
components of the joints to the other parts of the structure. Each component is then
proportioned so that it has sufficient strength to resist the force that it is required to
transmit.
2

2.2 Connections
Basic materials account for approximately 40% of the cost of a steel frame. The remaining
60% is primarily related to joining and handling members; it may be further broken down
into 30% for connections, 10% for general handling, and 20% for connections related
handling. Connections therefore affect approximately 50% of the total frame cost. This
views has been supported in the work of David Brown, et al. (1997, pp. 19). Considerable
savings have been made in recent years, where standard connections are now widely
adopted.
One of the most favorable features of steel structure is reducing the labor required on site.
This is achieved by using bolted connections. Obviously, if lots of field weld is required,
the benefit of fast installation will be reduced. Bolted connections are the most commonly
used ones in modern steel constructions. If sorted by beam-column profiles, bolt types,
connection types and the forces to be transferred, there could be hundreds of bolted
beam-column connections while only some of them are commonly used. A properly
designed bolted connection is able to transfer shear force and/or moment and tension. To
fulfill the force transfer, quite a few items need to be checked. Different connections
require different items to be checked. But some common calculations is required for
almost all bolted connections, such as bolt shear, bolt tension, connection member
bearing, tension and shear block etc.
Usually two types of forces are transferred by bolted beam-column connections: shear
and moment. A connection may be designed to transfer shear force if the beam is
supposed to be hinge connected to the column only. If the beam is rigidly connected to
the column, the requirement of a moment connection arises. Shear force is usually
involved in moment connections also. Bolts are arranged to be in shear condition to resist
shear force in the beam web and tensile and compressive force in the flanges invoked by
moment. This views has been supported in the work of S.F.Stiemer (2007, pp.1-2).
Another situation is that the connection is designed to transfer tension from the beam to
the column or bracing. The bolts then may be in shear or tensile condition or combined
shear and tensile.
If prying is intend to happen, it should be taken into consideration.
In all these conditions, usually four members need to be checked for strength or buckling:
the column, the beam, the connection member and, of course, the bolts. The shop weld is
involved, that is another item to be calculated.
Different connections could be used to fulfill a certain beam column joint. Sometime it is
not obvious which one is most economical. The cost estimation is necessary for this
situation.

3

2.3 Types of Bolted Beam to Column connections
Bolted beam-column connections can be sorted to groups by different circumstances, e.g.
by beam and column profiles (I or H shape), by bolts working conditions, by forces to be
transferred (axial force, shear or moment), by types of connection members (plate or
angle), and by methods of connecting (framed or seated). It is reasonable to sort
connections into groups according to the force to be transferred and then continue to sort
each group into subgroups by the other factors mentioned above. Connections
transferring axial force are usually used for bracing members which will not be discussed
in this project.

Connections transferring shear force
Two common methods can be used to transfer shear force from beams to columns,
framed connections and seated connections. In this project refer only frame connections.

Framed connections
Framed shear connections are designed to transfer shear force by connecting the beam
web to the column. Commonly used types are connection with fin plate, connection with
end plate and connection with double angle cleats. It can be found in these sections that
columns could be I or H shape. These are the most commonly used column profiles. The
beams are usually I shape. Although H shapes may be used as beams, they are usually
hard to be bolt-connected to columns.

2.4 Simple or Shear Beam to Column Connection
The design of these simple connections is based on the principles and procedures
adopted in Eurocode 3 Part 1.8 [EC 1993-1-8: 2003]. Typical practice in terms of type and
nature of fixings and connection types varies between the member countries of the
Community. This section deals with the general principles applicable to all types of simple
connection. Detailed design procedures in the form of a check list are presented for
flexible end plates and fin plates. The relevant formulae may be found in the Eurocode.

2.4.1 Fin Plate Connections
Fin plate connections are of the configuration shown in Figure 2.1c. These connections
are widely used to facilitate both fabrication and installation. Beam to column connection
with fin plate, is the simplest one. The connection member is only a plate with bolt holes
shop welded to the column. The beam web is shop prepared with bolt holes accordingly.
With different column profiles and connecting location, the connection could be not exactly
the same, but the main idea and the design procedure remain similar.
Stiffeners may be required to stiffen the thin web of the column in order to avoid local
buckling caused by the eccentric moment.
4

2.4.2 End Plate Connections
A typical standard end plate connection is shown in Figure 2.1b. End plate connections
can also used at one side or two sides too. An end plate with bolt holes is shop welded to
the web of the beam. The column is shop prepared with bolt holes accordingly. It should
be noted that if the beams are framed two sides to the column web, and the two end
plates are of the same size, at least one end plate should be coped off one bolt to
facilitate installation.
Comparing with fin plate connections, the end plate connections have advantages as
follows:
For both shear fin plate and end plate length within the height of beam web, double
number of bolts can be used in end plate connection. Namely, end plate connection is
capable of transferring as twice of shear force as that of shear fin plate connection. It may
not be that much because other parameters may govern. When large shear force needs
to be transferred and one row of bolts can’t be arranged within the height of the beam
web, end plate connection is a good alternation.
Eccentric moment is not involved in end plate connections as that occurs in shear fin plate
connections. So the bolt shear resistance can be fully used to transfer shear force. This is
also an advantage for moment sensitive columns.
The disadvantage of end plate connection is its accuracy requirement. The tolerance of
bolt connections is only 2 mm. A lot of circumstances will end up with not-matching bolt
holes. i.e. The bolt connection can’t be fulfilled on site. This may be caused by the mistake
of detailer, or shop worker, or site worker. Common reasons are mis-locating of bolt holes
in shop or mis-locating of columns on site. These mis-locations are usually very small, but
if it is bigger than 2mm or more, it is big enough to kill the bolted connection. Slot holes
can be used if applicable for shear fin plate connections to allow bigger tolerance, while
end plate connections do not have this option. If the tiny mis-location happens to a shear
fin plate connection, it can be easily fixed by field welding beam web to the tab plate. For
the same problem happening to end plate connections, say, the beam is a little too long or
too short, costly modification has to be made.

2.4.3 Bolted Angle Connections
A typical standard double angle web cleat beam to column connection is shown in Figure
2.1a. There are three types of double angle connections, all bolted double angle cleat
connection, Single angle cleat connection and angles welded to beam or column web.
All bolted connection. This type of connection enables considerable site adjustment. Both
sets of bolts are placed in clearance holes to allow adjustment in two directions before the
bolts are tightened. Packs can be used to provide further adjustment if required. The
angles are usually shop bolted to the beam and can be shipped along with the beam to
avoid small loosing members. The shop bolts are only hand tight which can be easily
taken off on site if necessary. If double angles are used, the bolts on the beam web are
double sheared (two shear planes in a bolted joint) so that the bolt strength is most
5

efficiently used. This type of connections has the advantages of end plate connections
and avoids the disadvantage of them. The price of having these advantages is consuming
more material. Single angle connections are also commonly used to transfer less shear
force if applicable.
Shop weld is usually more economical than using bolts. That is the advantage if the
angles welded to beam or column web comparing with all bolded double angle
connection. If the angles welded to beam the connection is similar with end plate
connections while the weld is not so dense at the beam web edge to avoid high stress.
However, the bottom flange of the beam has to be coped to allow the beam to drop in.
This cope also reduces the capacity of the beam in the vicinity of the connection. This
views has been supported in the work of S.F.Stiemer (2007, pp. 1-2).

6

a) Double angle
cleat

b) End plate

c) Fin plate

Figure: 2.1 Typical standard simple beam to column connections
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2.5 Design Procedure for Simple Connections
In many cases, a connection is only required to transmit a force and there is no moment
acting on the group of connectors. While the connection may be cable of also transmitting
a moment it will be referred to as a force connection.
Simple connections are generally of tow types. For the first, the force act in the connection
plane formed by the interface between the two plates connected and the connectors
between these plates act in shear. For the second type, the force act out of the connection
plane and the connectors act in tension.
Examples of simple connections include splices in tension and compression members,
truss connections and shear splices and connections in beams. A simple shear and
bearing bolted tension member splice and a friction-grip bolted splice. These are simpler
than the tension bolt connections and are typical of site connections.
Ordinary structural and high strength bolts are used in clearance hole (2 mm bigger to
provide erection tolerance). The holes clearances lead to slip under service loading and
when this is undesirable, a preloaded friction-grip connection may be used. In this
connection, the traverse clamping action produced by preloading the high strength bolts
allows high frictional resistances to develop and transfer the longitudinal force. Preloaded
friction grip connections are often used to make site connections which need to be
comparatively rigid.
The butt and filled welded splices are typical of shop connections and are of high rigidity.
While they are often simpler to manufacture under shop condition that the corresponding
bolded connections, special care may need to be taken during welding if these are critical
connections.
The beam web shear splice shows a typical shop-welded and site-bolted arrangement.
The common simple connection between a beam and column is often considered to
transmit only shear force from the beam to column flange or web.

2.5.1 Especially Design Procedure of Simple Connection
1. Shear capacity of bolt group
The shear capacity of the bolt group must be greater than the reaction at the end of the
beam. The shear capacity of either the threaded or unthreaded portion of the bolt should
be checked.
2. Shear and bearing capacity of the end plate
The shear capacity of the end plate must be greater than half the reaction at the end of
the beam. The bearing capacity of the end plate must be greater than half the reaction at
the end of the beam.
3. Shear capacity of the beam web
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The shear capacity of the beam web connected to the end plate must be greater than the
reaction at the end of the beam.
4. Capacity of fillet welds connecting end plate to beam web
The capacity of the fillet weld must be greater than the reaction at the end of the beam.
5. Local shear and bearing capacity of column web
The local shear capacity of the column web must be greater than half the sum of the
beam end reactions either side of the column web. The bearing capacity of the column
web must be greater than half the sum of the reactions either side of the column web
divided by the number of bolt rows.
6. Structural integrity requirements
The tension capacity of the end plate, beam web and bolt group must be greater than the
tie force.
This views has been supported in the work of Geoffrey L. Kulak, et al. (2001, pp. 35-45).

2.6 Moment Connections
When a connection is designed to transfer moment, the flanges of the beam have to be
connected to the column. The moment is transferred by the pair of tension and
compression forces in the top and bottom flange of the beam. It should be noted that
usually moment connections transfer shear force as well, so the web of the beam is also
connected to the column. The beam flanges are bolted to plates to transfer tension and
compression force which composing moment. The moment plates are spaced to
accommodate rolling tolerances for beam depth and flange tilt, and nominal shims are
provided to fill any significant gap. Minor gaps are closed by the action of bolting.
Although a real connection is rarely required to transmit only a moment, the behavior of a
moment joint may usefully be discussed as an introduction to the consideration of
connections with transmit both force and moment and to the components method of
connection design used EC3-1-8 part 1.
The idealized behavior of a moment connection ignores any initial slip or taking up of
clearances. The characteristics of the connection are the design moment resistance Mj,
Rd, the design rotation Rj, and the rotation capacity Φcd. These characteristics are related
to those of the individual components of the connection. For most join, it is difficult to
determine their moment rotation characteristics theoretically, owing to the uncertainties in
modeling the various components of the connection, even though a significant body of
experimental data is available. This views has been supported in the work of S.F.Stiemer
(2007, pp. 6-8).
EC3-1-8 uses a component method of moment connection design, in which the
characteristics of a connection can be determined from the properties of its basic
components, including the fasteners or connectors beam and plates acting in bending,
9

column web panels in shear, or column web in traverse compression caused by bearing.
The use of this method for moment connections between I-section members is given of
EC3-1-8 in section 6, while the method for moment connection between hollow section
members is given by EC3-1-8 in section 7.
One type of moment connection is when the beam flanges are shop prepared with
grooves and rat holes are also prepared on the web to facilitate field welding. Backing
bars and run-off tabs for the welds may be required. Shear capacity is developed by web
framing plate. Other types of shear transferring methods such as seat angle or web
framing angle can also be used. The shear connection also acts as construction support
while the field welds are made.
The use of short beam sections shop welded to the column and field-bolted to the beam
near a point of contra flexure is another type. An end-plate connection is shown but
lapping splice plates for the web may be more economical depending on the forces to be
transferred and the relative ease of achieving field fit-up. This connection avoids field
welds and also avoids using a lot of bolts and thick plates to transfer the significant
tension and compression forces in the flanges.
Other moment connection constitute from a heavy plate shop-welded to the end of the
beam and field-bolted to the column. S.F.Stiemer (2007, pp. 6-8). The end plate
distributes flange forces over a greater length of column web than a fully welded joint, but
prying action must be considered. Stiffeners can be used in all moment connections to
reduce the prying action.

2.7 Materials Used in Bolted Beam to Column Connections
2.7.1 Bolts
Several different types of bolts may be used in structural connections, including ordinary
structural bolts and high strength bolts. Turned close tolerance bolts are now used. Bolts
may transfer loads by shear and bearing by friction between plates clamped together or
by tension.
The use of bolts often facilitated the assembly of a structure, as only very simple tools are
required. This is important in the completion of site connections, especially where the
accessibility of a connection is limited, or where it is difficult to provide the specialized
equipment required for other types of fasteners. On the other hand, bolting usually
involved a significant fabrication effort to produce the bolt holes and the associated plates
or cleats. In addition, special but not excessively expensive procedures are required to
ensure that the clamping actions required for preloaded friction grip connections are
achieved. Precaution may need to be taken to ensure that the bolts do not become
undone, especially in situation where fluctuating or impact loads may loosen them. Such
precautions may involve the provision of special locking devices or the use of preloaded
high strength bolts.
Structural bolts can be installed pretensioned or snug tight. Pretensioned means that the
bolt is torqued until a tension force approximately equal to 70 percent of its tensile
10

strength is produced in the bolt. Snug-tight is the condition that exists when all plies are in
contact. It can be attained by a few impacts of an impact wrench or the full effort of a
person using an ordinary spud wrench. Pretensioned bolts are usually used when the
bolts are carrying tensile cyclic loading.
Structural bolts are available in many sizes. Bolt sizes are defined in terms of their
nominal diameter, length under the head and thread length. The bolt diameter ranges
from 16mm to 36mm in metric series. Shop and erection equipment is generally set up for
these sizes, and workers are familiar with them.
The bolt grades are commonly used in steel connections. All of these bolt grades are
generally used in connections subject to static forces and moments. For connections
subject to fatigue friction grip connections with high strength bolts such as grades 8.8 and
10.9 are to be used because of their high fatigue strength and limited deformation
characteristics. The basic mechanical properties for 4.6, 5.6, 6.8, 8.8, and 10.9 grade
bolts are refer in Eurocode 3. Different types of washers are required depending on the
specified conditions.

2.7.2 Welds
Structural connections between steel members are often made by arc-welding techniques;
in which molten weld metal is fused with the parent metal of the members or component
plates being connected at a connection. Welding is used extensively in fabricating shop
where specialized equipment is available and where control and inspection procedures
can be readily exercised, ensuring the production of satisfactory welds. Welding is often
cheaper than bolding because of the great reduction in the preparation required, while
greater strength can be achieved, the members or plates no longer being weakened by
bolt holes, and the strength of the weld metal being superior to that of the material
connected. In addition, welds are more rigid than other types of load transferring
fasteners. On the other hand, welding often produces distortion and high local residual
stresses, and may result in reduced ductility, while site welding may be difficult and costly.
Butt welds may be used to splice tension members. A full penetration welds enables the
full strength of the member to be developed while the butting together of the member
avoids any connection eccentricity. Butt welds often require some machining of the
elements to be connected. Special welding procedures are usually needed for full strength
welds between thick members to control the weld quality and ductility, while special
inspection procedures may be required for critical welds to ensure their integrity. These
butt welding limitations often lead to the selection of joints which use filled welds.
Filled welds may be used to connect lapped plates, as in the tension member splice or to
connect intersecting plates. The member force is transmitted by shear through the weld,
either longitudinally or transversely. Fillet welds, although not as efficient as butt welds,
require little if any preparation, which accounts for their extensive use.
The main types of welds used for structural steel are fillet, groove, plug, and slot. The
most commonly used weld is the fillet. For light loads, it is the most economical, because
11

little preparation of material is required. For heavy loads, groove welds are the most
efficient, because the full strength of the base metal can be obtained easily. Use of plug
and slot welds generally is limited to special conditions were fillet or groove welds are not
practical.
Shop welds are usually more economical than bolts. In bolted beam-column connections,
the connecting parts (plates or angles) are shop welded to one member and field bolted to
the other one to be connected.
Three types of working conditions of the shop welds are involved in the connections,
these are: Fillet welds for shear. Groove welds for tension and compression normal to axis
of weld.

2.7.3 Plates and Angle Cleats
Plate and angle are the most commonly used materials for bolted connections.
Intermediate plates (or gussets), fin (or side) plates, end plates and angle or tee cleats are
frequently used in structural connections to transfer the forces from one member to the
other member. Plates are comparatively strong and stiff when they transfer the force by
in-plane actions, but are comparatively weak and flexible when they transfer the forces by
out-of-plane bending.
Thus the angle cleat and seat are flexible and allow the relative rotation of the connection
members, while the flange plates and web stiffeners are stiff and restrict the relative
rotation. The simplicity of welded connections and their comparative rigidity has often
resulted in the omission of stiffening plates when they are not required for strength
purposes. Thus the rigid connection can be greatly simplified by butt welding the beam
directly onto the column flange and by omitting the column web stiffeners. However, this
omission will make the connection more flexible since local distortions of the column
flange and web will no longer prevent.
The plate and angle should provide adequate flexibility for group of bolts to work together.
i.e. potential for minor bolt hole deformation is required. For this reason, the maximum
thickness of the material is limited to a certain level. High strength material should not be
used to provide adequate flexibility.

2.7.4 Stiffeners Plates
The stiffeners are typically steel plates that are welded to the web of beam or column to
eliminate the buckling failure due to high deflection and unbalanced eccentric load.
Stiffeners are used as a means of providing additional support to columns at beam
connection locations. They are added when the strength of the column is exceeded but
full moment strength of the beam section is desired. In determining the design of column
stiffeners, there are no specifications for determining the distribution of load between the
12

column web and stiffeners. Web stiffeners are used to increase shear capacity in a beam
web. This is accomplished by providing out of plane stiffness with web stiffeners.
Stiffener plates can be applied to either just one side of the web or both sides. In either
case the stiffeners must provide sufficient moment of inertia to prevent out of plane
buckling. The goal is to provide more stiffener plate with a moment of inertia greater than
or equal to what is required.

2.8 Cost Estimation of Beam to Column Connections
The cost of bolted connections includes:
Cost of material: connection parts (plate or angle), bolt
Cost of connection parts preparation: cut plate or angle, punch or drill holes
Cost of column and beam preparation: cut, cope, punch or drill holes
Cost of shop weld: material (electrode etc.) and labor
Cost of installation
The costs of detailing drawing and shipping are not included because these items usually
do not differ with connection types to be chosen.
The volume of material and labor for different types of connections can be calculated once
the forces are known and the type of connection is chosen, while the rates for the items
listed above differ with locations, shops, installers, material providers, time etc.
To do a cost estimation of connections, the designer needs to get all the information of
these rates according to certain situation.
Bolted beam-column connections are widely used in steel construction. Various
connections could be chosen to fulfill a task while they all have advantages and
disadvantages. The designer should consider certain parameters such as cost, shop
fabrication, shipping and installation to choose a proper one.
Even for a very simple connection such as shear tab, a lot of items need to be checked.
Connection design can be time consuming if done by hand and important checking may
be missed which may cause trouble.

2.8.1 Economically Cost
The design process of unbraced frames is economically very delicate, because decisions
made during predesign have a major impact on the fabrication costs.
Especially when the costs of a steel structure are calculated on a kilogram basis, a
designer may decide to optimize the frame for minimum weight. In general, minimum
13

weight solutions are obtained when the joints in the frame are rigid. Rigid joints usually
have to be stiffened and therefore lead to high fabrication costs. Studies have shown that
minimum weight solutions may be up to 20% more expensive than solutions where also
the fabrication costs have been taken into consideration to optimize the design.

If a designer focuses on optimal economy during frame design, the design process is less
simple, compared to a frame design for minimum weight. Beam and column properties as
well as the properties of the joints should be selected in such a way that economy can be
achieved during fabrication.

Simple connections are invariably cheaper to fabricate than moment resisting connections
because they provide a significant degree of simplicity and standardization. Giving specific
guidance on cost is difficult, as steelwork contractor’s workmanship rates can vary
considerably and are depended upon the level of investment in plant and machinery.
However, the designer’s and detailer’s main objective must be to reduce the work content.
The material cost for fittings and bolts are small compared with workmanship cost. In a
typical fabrication workshop the cost of fabrication of connections may be 30% to 50% of
the total fabrication cost. The real cost come from the time taken to design the connection,
detail it, make the fittings, mark out the geometry, drill the holes and complete the welding
and testing. These costs can be minimized by adopting standard simple connections and
by early consultation with the appointed steelwork contractor. This views has been
supported in the work of S.F.Stiemer (2007, pp. 16).
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CHAPTER 3: SPECIMENS

3.1 Specimens Parts
For the experimental procedure needed three specimens of three different types of simple
connections. The connection was used to connect HEA 200 column to an IPE160 beam.
Table 3.1 shows the structural section in accordance with European specifications that is
used. Also in order to achieve stiffer web in the column we used horizontal stiffeners. The
stiffeners were two 16.8 x 8 x 0.10 cm steel plates welded in each column web. For end
plate and fin plate connections steel plates 12mm were used. For the angle connection
equal angle L 60 x 60 x 6mm were used as shown in Table 3.2. For all members of the
specimens steel S275 JR and bolt of M16 8.8 grade were used.

Table: 3.1 Structural steel Section Properties

Section
IPE 160
HEA 200

G
kg/m
15.8
42.3

h
mm
160
190

b
mm
82
200

Iy
Iz
iy
iz
wy
cm4 cm4 cm cm cm3
869 68.3 6.58 1.84 109
3692 1336 8.28 4.98 389

tw
mm
5.0
6.5

wz
cm3
16.7
134

wply
cm3
124
430

tf
mm
7.4
10.0
wplz
cm3
26.1
204

r
mm
9
18

A
cm2
20.1
53.8

Iω
IT
dm6
cm4
0.0040 3.54
0.108 21.0

hw
mm
145.2
170
G
kg/m
15.8
42.3

d
mm
127.2
134
Section
IPE 160
HEA 200

Figure: 3.1 Structural steel Section
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Table: 3.2 Structural steel equal angle section Properties

Shape
Designation
d x bw x t
60 x 60 x 6

Section
Dimensional Data
d
mm
60

bw
mm
60

t
mm
6

Inside Corner
Radius

External Edge
Radius

Area of
Section

R1
mm
8

R
mm
4

A
cm2
6.91

Figure: 3.2 Steel equal angle section

3.2 Manufacturing Process of Specimens
The steel specimen was constructed in Nicolaides & Kountouris Metal Company in a
specialized steel factory. Firstly designed the technical drawing of the member that
needed for the experimental procedure in StruCad (Steel modeling software) according
the guideline from my professor and based on Eurocode 3 principles. After the
communication with the manufacturing department the special in steel construction labors
explained and showed me how the machine with automatic control system takes the data
from my drawings. As shown in Figure 3.4 the labors used materials HEA 200 and cut
nine pieces of 98,80cm for columns and nine pieces of IPE 160 of 100cm for beams.

Figure: 3.3 Automatic control drilling and cutting systems used data from StruCad
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The cut of section was made by a special Horizontal Band Saw Machines. As shown in
figure 3.4 the plates were cut with the same machine. For all types of specimens 18 endplates 19 x 20 x 1.2 cm were cut. 2 in each end of column were welded to fix in the
compression test machine in laboratory. Two stiffener plates 16.8 x 8 x 0.10cm were
welded in each column web HEA200 for 9 specimens. All the plates in specimens welded
with a process by a certified welder machine using an 8 mm fillet weld.

Figure: 3.4 Horizontal band saw machines

For End Plate connection 3 plates 12.5 x 12.5 x 1.2 cm were cut with four 2 mm oversized
holes for bolts 16mm which welded on each beam IPE160 for 3 specimens. The column
was drilled with four 2 mm oversized holes as shown in figure 3.5 which were used to
clamp the beam and end plate of column together.
For single Fin Plate connection 3 steel plates 20 x 13.4 x 1.2 cm were cut with four 2 mm
oversized holes for bolts 16mm and welded on each column HEA200 for 3 specimens.
The beam was drilled with four 2 mm oversized holes which were used to clamp the
column and fin plate of beam together. A single rectangular plate of steel welded to a
support on one end and bolted to a supported beam on the other.
For Double Angle connection 6 equal angles L 60 x 60 x 6mm length 125mm were cut
with two 2 mm oversized holes for bolts 16mm for 3 specimens. The column was drilled
with four and the beam with two 2 mm oversized holes that was used to clamp the beam
and the column together with the two angle cleats.
Before the assembling of all pieces, one layer of undercoat primer was painted to protect
from rust the steel member. The assembling off the specimen materialized in laboratory of
civil engineering department in Frederick University.

Figure: 3.5 Drilling columns with 2 mm oversized holes
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Table: 3.3 Steel parts used for spesimens

Fin Plate

IPE 160

Angle Cleat

IPE 160

End Plate

HEA 200

Stiffener

Stiffener – HEA 200
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CHAPTER 4: EXPERIMENTAL PROCEDURE
The tests of the specimens have executed in the civil engineering laboratory of
FREDERICK UNIVERSITY.
The completion of tests was done with the assistance of an actuator, Universal Testing
Machine (UTM). The recording of all data (load (KN), displacement (mm)) was done with
the help of data acquisition program which then transferred the data to the computer. The
settings of the process are shown in the figure 4.1.
Three steel connections for each type of specimen were used (i.e. in total nine specimen
tests conducted):
A) Single fin plate welded in column connection, (Figure: 4.2)
B) End-plate welded in beam connection, (Figure: 4.3)
C) Double angle cleat connection, (Figure: 4.4)
In each case, loading was repeated 3 times, because the piston enforced only one way
pressure, and for this reason we were unable to achieve cyclic test, to get the desirable
displacement which we asked for. The aim was to get the specimens at the maximum
point until the displacement reaches 20 cm or to have a serious failure and therefore
record the load capacity.
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Figure: 4.1 The settings of the process

(1) Piston
(2) LVDT Displacement Transducer
(3) Data Acquisition Recorder
(4) Computer
(5) Hydraulic Accumulator
(6) Specimen
(7) Fixing Mechanism
(8) Universal Testing Machine

All experimental procedures were conducted in the laboratory of civil engineers at the
Frederick University. The procedure was done under the supervision, assistance and
guidance of my professor. Also were taken all health and safety factors to conduct the test
in the laboratory. All parts of the specimens (Table 3.3) were transferred from the factory
to the laboratory at the University where they were assembled. The bolt is tightened using
an ordinary spud wrench to bring the piles which in this case are the angles, the fin plate
or end plate and the web of the beam with the column web.
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Figure: 4.2 Single fin plate welded in column connection

Figure: 4.3 End-plate welded in beam web connection

Figure: 4.4 Double angle cleats connection
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4.1 Experimental Equipment
 Universal Testing Machine (UTM) with applicable hydraulic press using a hydraulic
cylinder to generate a compressive force. It uses the hydraulic equivalent
mechanical lever.
 LVDT Displacement Transducer
 A hydraulic accumulator that is an energy storage device. It is a pressure storage
reservoir in which a non-compressible hydraulic fluid is held under pressure by an
external source
 A fixing mechanism to place the specimen in the press machine. Constitute from 2
plates of 20 mm thickness and four bolts M20 mm.
 A ruler
 A computer that is connected with a specific system identifies and logs data
received from the LVDT and the hydraulic accumulator.

4.2 Procedure of Test
The procedure of tests was the following. When the specimens were transferred all pieces
with the uses of tools were assembled.
Firstly the specimens were fixed using 2 plates of 20 mm thickness and four bolts M20mm
with Universal Testing Machine (UTM). Following this the computer was connected to the
Data Acquisition Program which took the piston pressure with oil. However we needed
also the displacement of the specimen. For recording of displacement we used one
component LVDT Displacement Transducer that connected with the computer. In order to
take the recordings of displacement we fixed the LVDT Displacement Transducer on static
surface and put one plate in the same level with beam.
A measurement was taken from the connection point of the beam to the centre point of
the force applied on the beam. Another measurement was taken from the piston end point
to the beam flange.
After we have completed the setup on the data acquisition program tests were conducted
for how many time intervals we recorded. In particular a balance was established to zero
the Load and displacement. The record time was ten minutes, the number of data was
3000 per loading and load was approximately 0.3 KN per second with sampling frequency
5 Hz.
At the same time with the loading started, the displacement and the loading force was
recorded in the computer. In average 8 cm displacement an unloading was going to the
specimen. This procedure was done three times for each specimen. During the test much
attention was paid to safety and to apply the standard of the laboratory. Also great
attention was given to recording the results in order to avoid errors. All data was gathered
on the computer, one for each loading and total three for each specimen. Then transferred
to worksheets in excel and plot a graph with load on Υ-axis and displacement on Χ-axis
for the three loading.
This procedure repeated for rest the eight specimens.
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Figure: 4.5 Specimen before the loading

Figure: 4.6 Specimen during the loading

Figure: 4.7 Specimen after the loading
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CHAPTER 5: RESULTS AND OBSERVATIONS

After each test all data which recorded from the data acquisition program was in Comma
Delimited, CSV text file format. Then converted in three Microsoft office excel sheets for
the three loading with two main columns, Load and Displacement. For the nine
specimen's test created one graph for each with load in (kN), and displacement in (mm)
for y and x axis respectively. In each graph distinguished three different color curves
corresponding to three successive loadings which define the displacement relative to the
load.
The beam of the specimens was loaded vertically at 0.84 m from the connection end.
Easily can be calculated the moment capacity in (kN.m) by multiplying the maximum load
(kN) by the distance (m) between the loading point and the connection end.
MAX LOAD (kN) X 0.84 (m) = MOMENT CAPACITY (kN.m)
For each sample reference is made to behavior during the test and the failures which
have occurred. Finally the results from this research comparing with the results of a
previous research that was conducted at the university. The previous research was made
with the same specimen types without stiffeners on the column web.
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5.1 Test in Single Fin Plate Welded in Column Connections

5.1.1 Result of A1 Sample Connection
In specimen A1 were only two loadings for the reason that during the second loading
observed separation failure in welding of fin plate and column.
In the graph of the single fin plate in column connection sample A1 as show in figure: 5.1
had maximum displacement 64.85 mm and maximum load capacity 21.19 kN for
displacement 46.57 mm.
The maximum moment capacity of specimen A1 was 17.80 kN.m and happened at 1st
loading.
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Figure: 5.1 Graph results for Specimen A1

Figure: 5.2 Separation failure in welding of fin plate in A1 sample
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5.1.2 Result of A2 Sample Connection
In the graph of the single fin plate in column connection sample A2 as show in figure: 5.3
had maximum displacement 131.5 mm and maximum load capacity 19.28 kN for
displacement 35.52 mm.
In this sample, the second loaded separation failure observed in the welding of fin plates
like in A1, but we continued with the third loading to observe the behaviour of the
connection.
The maximum moment capacity of specimen A2 was 16.20 kN.m and happened at 2nd
loading.
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Figure: 5.3 Graph results for Specimen A2

Figure: 5.4 Separation failure in welding of fin plate in A2 sample
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5.1.3 Result of A3 Sample Connection
Also in the graph of the single fin plate in column connection sample A3 as show in figure:
5.5 had maximum displacement 111.42 mm and maximum load capacity 19.19 kN for
displacement 38.64 mm.
In this sample, the second loaded separation failure observed in the welding of fin plates
like previous sample, but we continued with the third loading to observe the behavior of
the connection.
The maximum moment capacity of specimen A3 was 16.12 kN.m and happened at 2nd
loading.
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Figure: 5.5 Graph results for Specimen A3
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Figure: 5.6 Separation failure start in welding of fin plate in A3 sample

Figure: 5.7 Small failure in column web in A3 sample
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5.2 Test in End-Plate Welded in Beam Web Connections

5.2.1 Result of B1 Sample Connection
For end-plate welded in beam connection sample B1 had maximum displacement 163.34
mm and maximum load capacity 19.06 kN for displacement 146.27 mm as shown in the
graph (figure: 5.8).
In this connection type the failure was observed in end plate that was welded in beam
web. The end-plate was twist in both side and sheared (tearing) in the right side on the
top, for reason that are in tension.
The maximum moment capacity of specimen B1 was 16.01 kN.m and happened at 3th
loading.
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Figure: 5.8 Graph results for Specimen B1

Figure: 5.9 Shearing failure in end-plate of B1 sample
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5.2.2 Result of B2 Sample Connection
In the graph (figure: 5.10) for end-plate welded in beam connection sample B2 had
maximum displacement 188.69 mm and maximum load capacity 17.80 kN for
displacement 110.82 mm
In this specimen the failure was observed in end plate that was welded in beam web like
previous sample. The end-plate was twist in both side and sheared (tearing) in the left
side on the top for B2, for reason that are in tension.
The maximum moment capacity of specimen B2 was 14.95 kN.m and happened at 2nd
loading.
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Figure: 5.10 Graph results for Specimen B2

Figure: 5.11 Shearing failure in end-plate of B2 sample
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5.2.3 Result of B3 Sample Connection
Also in the graph of (figure: 5.8) for end-plate welded in beam connection sample B3 had
maximum displacement 196.87 mm and maximum load capacity 18.50 kN for
displacement 129.07 mm
In this specimen the failure was observed in end plate that was welded in beam web like
previous samples. The end-plate was twist in both side and sheared (tearing) in the left
side on the top also for B3, for reason that are in tension.
The maximum moment capacity of specimen B3 was 15.54 kN.m and happened at 2nd
loading.
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Figure: 5.12 Graph results for Specimen B3
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Figure: 5.13 Shearing failure in end plate of B1 sample

Figure: 5.14 Shearing failures in three end plate samples
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5.3 Test in Double Angle Cleats Connections

5.3.1 Result of C1 Sample Connection
In the below graph (figure: 5.15) for double angle cleats connection sample C1, had
maximum displacement 208.76 mm and maximum load capacity 13.53 kN for
displacement 208.35 mm.
In this specimen the failures was observed in two points:
The one happened at double angle cleats, that was twisting both. As it shown in the
figures 5.17
The other failure happen at beam’s web, especially the upper hole is elongated indicating
a bearing failure. As it shown in the figures 5.17
The maximum moment capacity of specimen C1 was 13.53 kN.m and happened at 3th
loading.
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Figure: 5.15 Graph results for Specimen C1
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Figure: 5.16 Twisted angle cleats C1 sample

Figure: 5.17 Elongated upper hole indicating a bearing failure
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5.3.2 Result of C2 Sample Connection
For double angle cleats connection sample C2 (figure: 5.15), had maximum displacement
228.49 mm and maximum load capacity 12.16 kN for displacement 227.81 mm.
In this specimen the failures was observed in two points like C1:
The one happened at double angle cleats, that was twisting both. As it shown in the
figures 5.17
The other failure happen at beam’s web, especially the upper hole is elongated indicating
a bearing failure. As it shown in the figures 5.17
The maximum moment capacity of specimen C1 was 10.21 kN.m and happened at 3th
loading.
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Figure: 5.18 Graph results for Specimen C2
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Figure: 5.19 Twisted angle cleats C2 sample

Figure: 5.20 Elongated upper hole indicating a bearing failure in C2 sample
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5.3.3 Result of C3 Sample Connection
For double angle cleats connection sample C3 (figure: 5.15) had maximum displacement
210.57 mm and maximum load capacity 11.16 kN for displacement 179.97 mm.
Also in this specimen the failures was observed in two points like previous double angle
cleats connection samples:
The one happened at double angle cleats, that was twisting both. As it shown in the
figures 5.17
The other failure happen at beam’s web, especially the upper hole is elongated indicating
a bearing failure. As it shown in the figures 5.17
The maximum moment capacity of specimen C3 was 9.37 kN.m and happened at 3th
loading.
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Figure: 5.21 Graph results for Specimen C3

Figure: 5.22 Elongated upper hole indicating a bearing failure and twisted angle cleats C3 sample
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5.4 Results Compare
Table: 5.1 This Project Results

Specimen

A1
A2
A3
B1
B2
B3
C1
C2
C3

Maximum
Displacement
Dmax (mm)
64.89
131.59
111.42
163.34
188.69
196.87
208.76
228.49
210.57

Maximum
Load
Vmax (kN)
21.19
19.28
19.19
19.06
17.80
18.50
13.53
12.16
11.16

L
(m)
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84

Moment
Capacity
Mc (kN.m)
17.80
16.20
16.12
16.01
14.95
15.54
11.36
10.21
9.37

Displacement
at Max. Load
DVmax (mm)
46.57
35.52
38.64
146.27
110.82
129.07
208.35
227.81
179.97

Table: 5.2 Previous Research Results

Previous
Specimen
A1
A2
A3
B1
B2
B3
C1
C2
C3

Maximum
Displacement
Dmax (mm)
195
160
100
185
220
230
220
220
220

Maximum
Load
Vmax (kN)
25
20.5
15
16.5
14.95
16
12
12
12

L
(m)
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81

Moment
Capacity
Mc (kN.m)
20.25
16.61
12.15
13.37
12.11
12.96
9.72
9.72
9.72

C3

Specimens

C2
C1
B3
B2
B1
A3
A2
A1
0
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10
15
Moment Capacity (kN.m)

20

25

Figure: 5.23 This project results comparing with previous results
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Comparing the results of this project with the results of a previous research found that the
stiffeners gave greater resistance to rotation in the connections where had fail in the
column web. Also prevents any failure in the columns.
For example in fin plate welded in column web specimens (type A) in previous research
the average moment capacity was 16.34 kN.m and similar in this project the result was
16.71 kN.m. In the same specimens the failures in previous research observed in column
web contrary to this project the failure observed in the weld of fin plate to column web.
Compare the average moment capacity of connections with Mpl,Rd of IPE160
For Class 1 or 2 => MPl,Rd =

( Wpl * fy ) / γΜ0

γM0=1
For steel S275 nominal thickness t=5.0 mm ≤ 40mm =>yield strength fy=275 N/mm2
For IPE 160 section, Wpl = 124 cm3

MPl,Rd = [(124*103 mm3) × (275 N/mm2)] / 1 = 34.1*106 N.mm =>
MPl,Rd =34.1 kN.m

Table: 5.3 Comparison of average capacity moment connections IPE160 MPL, Rd

Connection Type

A
B
C

Average Connection
Moment Capacity
(kN.m)
16.71
15.50
10.31

Moment Capacity
IPE 160 Mpl,Rd
(kN.m)
34.10
34.10
34.10

Mc.c.
Mpl,rd
0.49
0.45
0.30

Compare the average moment capacity of connections with Mpl,Rd. The maximum plastic
moment capacity for an IPE 160 is 34.10 KN/m. Based on the average moment capacities
of the 3 different connections their capacities were between 30% and 49% of the plastic
moment capacity of the IPE 160 section depending on the connection type. Type A was
the best in terms of the moment capacity with 49%, type C was the worst with 30% and
type B was between the two with a capacity of 49% compared to the plastic moment
capacity of the IPE section.
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CHAPTER 6: CONCLUSIONS
The major difference in this project compared to the previous one is the used welded
stiffeners on column web. The use of stiffeners in the column web prevented any failure
can occur in column. This is very important for the reason that the columns are one of the
parties need to thoroughly for a structure and should not be failing.
Based on the results presented in this experimental project the following conclusions can
be drawn:
The experimental test results show that, really the simple connections can to thoroughly
carrying amount of moment. In the test procedure determined the moment capacity and
the deflection of the all types of simple connections tested.
And the three connections behaved in a similar manner. Failure was not so evident in
most cases however large rotations observed before considered the connections have
failed which indicates that the connections do behave a lot as pin connections and not fix
connections. Therefore, during the design of these types of connections should be taken
into consideration the moment capacity of the connections. These connections are
something between pin and rigid connections. They can be classified a semi-rigid
connections.
Of the three types of simple connections that tested to moment capacity, each type has
different rotation strength torsion.
End-plate welded in beam connections (type A) were closer to a moment connection
compared to the other two types. Type C connections were closer to a pin connection
compared to the others.
Comparing the average moment capacity of connections with Mpl,Rd of IPE 160 clearly
seen from the percentages that the simple connections have significant moment capacity.
The results from these tests are a good step and prove that such connections have
moment capacity that can be taken into account in the design to help been less
conservative. However, before that is done more testing is required to help determine the
effect of the various parts of the connection on its moment capacity. This will also allow
the development of design formulas that will help designers take into account the moment
capacity of such simple connections in their design without having to employ complicated
and time consuming methods.
While the above study gives some evaluation of the contribution of the simple
connections, more work is needed on this topic. The failures types of connections that
tested in this project were identical for each type therefore the effect of the various
parameters was not evaluated. Such parameters are bolt size and grade, holes spacing,
plate size, angle cleats sizes etc. In order to fully evaluate these connections these
parameters need to be evaluated and their effect on the connection capacity determined.
For those reasons future researches is better to investigate separately each type of these
connections to differences in variations in the parameters to be evaluated.
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Appendix
Table: a.1 Symbols used in the design of structural steelwork

Symbol
A
b
C1

Normal
Units
cm2
mm

c
d

mm
mm

E

kN/mm2

f
fy

gk, Gk

N/mm

2

G

kN, kN/m
Or kN/m2
kN/mm2

h
hw

mm
mm

Iy, Iz

cm4

IT
Iw
i
k
kc

cm4
dm6
cm

K1
LBT, LT
Mb,Rd

kNm

Mcr
Mc,Rd

kNm
kNm

Mpl,Rd

kNm

qk, Qk

kN, kN/m
or kN/m2
mm

r
SLS
tf

mm

Meaning
Area of section
Breadth of section
Factor for shape of bending
moment diagram
Outstand of a flange
Depth of straight portion of a
web
Modulus of elasticity of steel

Enhancement factor LBT
Yield strength of steel

Characteristic permanent
Action, e.g. dead load
Shear modulus of steel

Depth section
Clear height of web between
flange
Second moment of area of
section
Torsion constant
Warping constant
Radius of gyration of section
Interaction factor
Factor for stanchion base
plate outstand
Factor for stanchion base
plate thickness
Lateral torsional buckling
Design buckling resistance
moment
Elastic critical buckling
Design bending resistance
moment
Plastic bending resistance
moment
Characteristic variable
action, e.g. imposed load
Radius of root fillet state
Serviceability Limit State
Flange thickness

Comment

For hot-rolled
structural steel
E=210 kN/mm2
Grade S275 steel
16mm thick,
fy=275N/mm2

For hot-rolled
structural steel
G=81 kN/mm2
Hw=h – 2tf
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tw
ULS
V
VEd
Vpl,Rd

mm

v
Wel
Wpl
w
α
β
ε

N/mm2
cm3
cm3

kN
kN
kN

Web thickness
Ultimate Limit State
Shear force
Design shear force
Design plastic shear
resistance
Shear stress
Elastic section modulus
Plastic section modulus
Vertical deflection
Imperfection factor
Buckling correction factor
Coefficient depending on fy
for determining section class

γf

Partial factor of safety for
load

γm

Partial factor of safety for
strength of material
Slenderness ratio

λ
χ
σ
ψ

N/mm2

φ
kN/m3

Strength reduction factor for
buckling
Stress
Ration of moment in
segment of beam
Buckling parameter
Unit weight of steel

At ULS these are
normally 1.35 for
permanent load
and 1.5 for
variable loads
At ULS for steel
generally γm =1.0
λ=effective
length/radius of
gyration

Normal value 77
kN/m3
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Figure: a.1 Specimen A1

Figure: a.2 Specimen A2
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Figure: a.3 Specimen A3

Figure: a.4 Specimen B1
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Figure: a.5 Specimen B2

Figure: a.6 Specimen B3
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Figure: a.7 Specimen C1

Figure: a.8 Specimen C2
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Figure: a.9 Specimen C3
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