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ABSTRACT

This article presents a numerical study of beam-to-open section column joints
assembled with long bolts. This type of bolt alters the tension zone of the column. To
characterize this effect, this study compares joints assembled with standard bolts—with
and without stiffeners—to those assembled with long bolts. Finite element models were
developed to analyze the force-displacement behavior of the column’s tension zone. The
results show that long bolts enhance both the stiffness and resistance of the joint type
studied.

1. INTRODUCTION

The global behavior of structures is influenced by the behavior of their joints. For
this reason, researchers have devoted considerable time and resources to studying and
characterizing joint behavior. Several methodologies have been proposed to model joint
behavior, including experimental, numerical, empirical, mechanical, and informational
methods. Joint behavior is defined by the joint's moment-rotation curve, with stiffness
and resistance being the main parameters (Faella et al. 2000, Song et al. 2023, Golea
et al. 2023).

Among the most common assembly solutions—welded or bolted—bolted joints
offer several advantages over welded ones, especially when construction time is limited
or when disassembly is required, which is crucial in design for deconstruction.

Sometimes, stiffness and resistance do not meet the design requirements,
necessitating the addition of elements to enhance structural performance. The most
common methods include the use of stiffeners, supplementary plates, and backing plates
on the column, as well as haunches on the beams (Tagawa and Gurel 2005, Cabrero
and Bayo 2007, Lopez et al. 2024). An alternative method is the use of long bolts,
consisting of threaded bars with nuts and washers. Long bolts are advantageous when
the bolt head is undesirable, or a longer length is necessary (Jankovic et al. 2025). The
use of long bolts is common on tubular columns, and several authors have investigated
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their effects in joints with these types of columns. Hoang et al. (2015) studied bolted end
plate beam-to-hollow section column joints assembled with long bolts. Zhou et al. (2019)
proposed a practical analytical model for the moment-rotation relationship of steel beam
connected to concrete-filled steel tube using long bolts. However, joints with open section
columns that use long bolts have not been widely used and studied.

This article studies the behavior of double-sided end plate steel joints assembled
with long bolts, where the column is an open section type H. The use of long bolts
modifies the tension zone of the column because of their stiffening effect. To quantify this
effect, the long bolts solution is compared to the most common solutions. Finite element
models (FEM) were developed to obtain deformations, stress distribution, and force-
displacement curves, which provide the stiffness and resistance of the tension zone of
the column.

CUT VIEW

Fig. 1 Joint configuration

2. GEOMETRICAL CHARACTERISTICS

Fig. 1 shows the configuration of the joint under study, which is a double-sided end
plate joint assembled with six long bolts. The first and second rows of bolts are located
in the tension zone of the column and are visible in the cut view in Fig. 1. The double
nuts on the long bolts connect both flanges of the column, thereby modifying the behavior
of the web and flanges.
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To study the effect of the long bolts on the joint behavior, this model was compared
with two configurations assembled with standard bolts: one without stiffeners and the
other with them. Table 1 summarizes the configurations of these three models, and Fig.
2 shows schematic views of all the configurations studied. Fig. 2a shows the tension
zone of the column in a joint without stiffeners. Fig. 2b illustrates the tension zone with a
stiffener placed between the bolt rows. Fig. 2c represents the model assembled with long
bolts.

Table. 1 Models configuration.

Bolt type Stiffener
Model 1 Standard Bolts -
Model 2 Standard Bolts Yes
Model 3 Long Bolts -

Fig. 2 Models configuration. (a) Model 1, (b) Model 2 and (c) Model 3.

The three models share the main geometric characteristics. The column is a HEA-
220 profile. The horizontal and vertical distances between the bolts are 110 mm and 80
mm, respectively. The bolt type is M16, with standard bolts used in Models 1 and 2, and
long bolts used in Model 3. Model 2 includes an 11 mm thick stiffener, which has the
same thickness as the column flange.

3. FINITE ELEMENT MODEL

Three finite element models were developed using Abaqus Standard. These
models share the same material properties, boundary conditions, and the geometric
characteristics described in Section 2. The models take advantage of the symmetry, so
only one-eighth of the geometry was modeled.

Fig. 3 shows the parts of the models in different colors. All FEMs consist of three
parts: a plate, a column and either a standard bolt or a long bolt. The FEM of Model 2
also includes a stiffener. Since the end plate is not an object of study, its thickness is set
to 40 mm to prevent its deformation from affecting the results. The column is 250 mm
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long to ensure that its length does not influence the results. The nuts, shanks, and
washers of both the standard and long bolts are modeled as a single part.

All parts have been partitioned to allow for a structured mesh. The element type is
C3D8R, a solid 8-node element with hourglass control and reduced integration. Based
on a convergence study and previous experience, the models have a refined mesh. The
typical mesh size is 6 mm in areas where stress concentrations occur and 25 mm
elsewhere (Bayo et al. 2017, Lopez et al. 2021, Lopez et al. 2024).

¥ L.
(a) (b) (c)
Fig. 3 Finite element models. (a) Model 1, (b) Model 2 and (c) Model 3.

Boundary conditions of symmetry are applied to the column and plate in all models.
These conditions are also applied to the stiffener in Model 2 and to the long bolt in Model
3. To simulate the behavior of the end plate, the load is uniformly applied to the plate
(see Fig. 4).
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Fig. 4 Schematic view and reference point.
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In the assembly of the parts, contact interactions were defined between the column
and bolt, the plate and bolt, and the plate and column. The contacts were modeled as
hard contact for normal behavior, with a coefficient of friction of 0.25 for tangential
behavior.

In Model 2 stiffener is connected to the column using ties constraints to simulate
the weld between them.

Both the standard and long bolts have a diameter of 16 mm and are fully threaded.
The bolt hole diameter is 18 mm to account for clearance.

2. MATERIAL PROPERTIES

The material properties of the models correspond to nominal values of S275 steel
(fy=275 N/mm? and fu=430 N/mm?) for the column profile, the stiffener and the plate, and
to grade 10.9 (f,=900 N/mm? and fu=1000 N/mm?) for both standard and long bolts.

The material behavior has been modeled as shown in Eqg. 1 using a quad-linear
model proposed by Yun and Gardner (2017). This model captures the yield plateau and
strain hardening behavior of hot-rolled carbon steel.

Ee fore<e,
fy fore <e<¢gg
f(&') - fy + Esh(g - Esh) foreg < e < Cigy (1)
fu=f
feien T —:u_;11:: (e—=Cigy) forCigy<e<g,

In the elastic range, the modulus of elasticity (E) defines a linear slope, adopting a
value of 210000 N/mm? according to EC3. The linear range extends up to the yield stress
(fy) and the corresponding yield strain (e,). The next segment of the stress-strain curve
represents the plastic flow at constant stress, continuing until the onset of strain
hardening at ¢g,. The third stage of the curve is defined by C;¢,, the strain hardening
modulus E, and its corresponding stress f¢ . . & and f, are the ultimate strain and
stress, respectively (Simdes da Silva and Tankova 2024). These parameters are defined
in Eg. 2 to 5.

e =06(1- ;—Z) but &, > 0.06 )

£ = 0.1%— 0.0055 but 0.015 < &, < 0.03 ©)

Cl — gsh"'o-zzigu_ssh) (4)
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 f
ESh - 0.4(ey—&sn) (5)

Both standard and long bolts are modeled using the model proposed by Yang et al.
(2024), which is based on the model developed by Yun and Gardner (2017). The model
Is presented in Eq. 6 and 7.

Ee fore<eg,
<e<
fle) = fy - fore<e<egy (6)
fy + (fu - fy) [0-48* + W] foreg <e< g,

E—E&sh
g =—" 7
Eu—E&sh ( )

Yang et al. (2024) proposed values of ¢, and ¢, for classes 8.8 and 12.9, while
Jankovic et al. (2025) proposed values for class 10.9, as shown in Eq. 8 and 9

&, = 0.065 for class 10.9 bolts (8)

&sn = 0.0089 for class 10.9 bolts (9)

Standard and long bolts have been modeled with their nominal diameter. Thus, the
yield and ultimate stresses, and Young’s modulus have been modified to consider the
effective area of the threaded part of the rod and the bolt shank. Accordingly, the values
of the stresses have been multiplied by the ratio between the effective and nominal area
of M16 (0.78 = 157/201).

3. RESULTS

Fig. 4 shows the von Mises stress distribution for the models under an applied load
of 500 kN. Model 1, presented in Fig. 44, illustrates that the column flange is in the plastic
range, exhibiting significant deformation. Fig. 4b shows that the addition of a stiffener
reduces both stress and deformation compared to Model 1; however, flange deformation
remains appreciable. Finally, Fig. 4c presents Model 3, which remains within the elastic
range, with deformation significantly smaller than in the other models.
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Fig. 5 Von Mises stress. (a) Model 1, (b) Model 2 and (c) Model 3.

To numerically compare the results of the three models, force-displacement curves
were obtained from the models. The force is the applied load on the plate multiplied by 4
due to symmetry. The displacement is measured at the reference point indicated in Fig.
4. This point is valid for all three models and measures the displacement of the column
flange in the direction of the applied force. This displacement (8) is multiplied by 2 due to

symmetry.
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Fig. 6 Curves force-displacement
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Fig. 6 shows the force-displacement curve for the three models. Model 1 exhibits
the lowest stiffness and resistance due to deformation of the column flange (see Fig 5a).
The addition of a stiffener in Model 2 reduces the deformation in both the flange and the
web of the column. As a result, stiffness and resistance increase, and the applied force
on the plate reaches a level that causes bolt failure at around 600 kN. Finally, Model 3
remains in the elastic range until bolt failure, indicating that the long bolts act in parallel
with the column flange in bending and with the column web in tension.

Fig 7 illustrates how to evaluate the resistance and stiffness of the force-
displacement curves. Stiffness (S)) is defined as the slope of the initial linear portion of
the curve. Resistance (Fr) is the force value obtained at the intersection of the initial
stiffness line with the line that represents the plastic behavior of the curve (Simoes da
Silva et al. 2002).

-
a

Force

Displacement

Fig. 7 Resistance of the joint

Table 2 shows a comparison of the stiffness and resistance of the three models.
The presence of the stiffener in Model 2 increases the stiffness by 164% and the
resistance by 55% compared to Model 1. However, these increases rise to 383% and
110%, respectively, when long bolts are used.

Table 2 Parameters of the models

Stiffness % Resistance %
(KN/mm) (KN)
Model 1 232 - 290 -
Model 2 611 164% 450 55%
Model 3 1120 383% 610 110%

3. CONCLUSIONS

This article presents a double-sided end plate connection assembled with long
bolts. The column is a type H profile, and the beams are type | profiles. This configuration
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was compared with two other traditional configurations assembled with standard bolts:
one with and one without stiffeners. Numerical analysis was performed using finite
element models of the tension zone of the joint. Force-displacement curves were
obtained and compared in terms of initial stiffness and resistance. The results show that
the presence of the traditional stiffener increases stiffness and resistance in
configurations assembled with standard bolts. However, the model assembled with long
bolts increases stiffness by 383% and resistance by 110% for the studied configuration.
This shows that long bolts can be an alternative to the traditional stiffener in the tension
zone of the joint.
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