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The thread engagement in the 0° configuration is equally distributed on all sides
of the threads, while in the 30° configuration the threads on one side are massively
deformed. The increased loading angle results in a rotation of the bolt and subsequently
uneven contact of the bolt threads with the nut. The shear area of the threads on one side
is reduced, resulting in earlier thread stripping than in the 0° configuration. Observing
figure 9.2b it is possible that the threads on the right are at the point of failure, indicating
that the model should fail at an ultimate force of 18.9 kN. This is close to the average

ultimate load experienced in the laboratory for loading at 30°.

9.3 Validity of the laboratory test versus the real road safety

barrier

The purpose of the laboratory tests performed in this thesis is to investigate the behaviour
of the bolted connection in the road safety barrier. A section of the road safety barrier
centered about the bolted connection between the W-beam and X-post was tested in
quasi-static loading in different combinations of tension and shear. This is an idealized
test setup designed to study the behaviour of the bolted connection in a controlled and
reproducible manner. The real road safety barrier subjected to a vehicular impact will
obviously experience a different type of loading. A vehicular impact is a dynamic process
with high loads in a short period in time, involving high strain rates in the road safety
barrier. Literature on the effect of increased strain rate in the components of the road
safety barrier, and notably bolts, has shown that it has an effect on their behaviour. Such
effects are not accounted for in the laboratory tests in this thesis or in the finite element
models produced. This limits the ability to extrapolate accurate information from the

results of this thesis to the real behaviour of the road safety barrier.



10 Conclusion

Laboratory tests on the road safety barrier with the bolted connection have all con-
sistently experience stripping of the bolt threads as the failure mode. Stripping of the
threads has a demonstrably lower capacity than conventional failure of the bolt material,
and should be accounted for in designs with threaded bolts. The deformation of the
road safety barrier prior to failure occurs in the vicinity of the bolted connection; mainly
in the W-beam, X-post and washers. It is possible to simulate the force-displacement
behavior of the laboratory tests, using finite element models, to an acceptable degree.
Although the general behaviour can be recreated, individual behavior of each test, such
as the number of threads stripped prior reaching ultimate capacity, is not accounted for
in the finite element models. Based on these observations, some concluding remarks

can be made.

10.1 Concluding remarks

The laboratory tests on the road safety barrier with the bolted connection have consis-
tently shown that the threaded bolt is the critical component in the connection. The
failure mode observed during testing was in all tests stripping of the bolt threads. The
bolt experiences different degrees of thread stripping prior to failure, and subsequent
local force peaks were observed as the remaining threads on the bolt were engaged
and stripped. This failure mode is also found in related literature on the behaviour of
threaded bolts subjected to loading in tension, and combinations of tension and shear.

Stripping of the threads is dependent on the threaded engagement between the bolt
and nut. Studies by Bakken-Berg and Iversen[9] and the laboratory tests performed in
this thesis show that the combination of bolt and nut specified by the Norwegian Public
Roads Administration for the N2 steel road safety barrier will experience thread stripping

when dominantly loaded in tension.
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114 10. Conclusion

The initial finite element model is able to describe the elastic, and initial plastic,
behaviour of the road safety barrier section with an acceptable degree of accuracy.
It is concluded, based on the results of the initial model, that the behaviour of the
road safety barrier section prior to failure is primarily controlled by the elastic and
plastic deformations in the W-beam, Z-post and washers. This again indicates that the
behaviour at the onset of, and after, failure is determined by the bolt and nut.

Arealistic finite element model of the bolt with threads is required in order to properly
model the failure mode of thread stripping, and consequently the failure of the full-scale
road safety barrier. This requires accurate knowledge of the geometry of the bolt and
nut, as well as a material model capable of reproducing the proper material behaviour.

The finite element model of the threaded bolt and nut established in this thesis
has shown that the material model of the bolt has a significant impact on the resulting
capacity. Material parameters of the bolt from the theses of Bakken-Berg and Iversen,
and D’Angelo, vary by up to 220 MPa. The road safety barrier is designed to have an upper
and lower capacity in the bolted connection, and the large variation in bolt material
properties may result in dangerous errors in the design. It is important to have an
accurate knowledge of the material properties of the bolt used in the road safety barrier.

The full finite element model experienced excessively distorted elements during
analyses, which caused it to terminate prematurely. However, the full finite element
model is able to model the road safety barrier section in all load configurations except
15°, to an acceptable degree of accuracy. The close results in the initial model are retained
in the 0° and 30° configuration in the full model. The inclusion of the threaded bolt and
nut with a failure criteria provides a similar failure load and displacement as seen in the
laboratory tests. In the 0° configuration the obtained load capacity deviates from the
laboratory tests by only 1.1 to 2.7 percent.

All finite element models which included the threaded bolt and nut were able to

simulate the correct failure mode of thread stripping.

10.2 Suggestions for further work

1. The quasi-static load configurations applied to the road safety barrier section
during the laboratory tests are highly idealized. The load experienced by a road
safety barrier during vehicular impact is dynamic, and applied at a much higher

loading rate. The literature study conducted in this thesis show that the behaviour
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of the components in the road safety barrier is susceptible to strain rates. The
strain rates that will occur in a vehicular impact will be highly different from the
strain rates tested in the laboratory tests on the road safety barrier section. Further
tests should be performed on the road safety barrier section where the effects of

higher strain rates are investigated.

2. The finite element models established in this thesis are able to simulate the be-
haviour of the bolted connection in a road safety barrier, subjected to loading con-
ditions in combinations of tension and shear, to a reasonable degree of accuracy.
However, further investigations should be made into the instability experienced
in the full finite element model. Self-contact in the deformed threads of the bolt
might be a possible source of the premature termination experienced in the analy-
ses, and should be investigated. In general, more robust finite element models of

the road safety barrier, and the bolted connection, need to be established.

3. Stripping of the bolt threads is the critical failure mode for the road safety barrier
with the bolted connection. Efforts should be made to improve the finite element
models of the bolt and nut in simulating thread stripping. The effect of modelling
the bolt and nut using exact geometry, such as helical threads, should be investi-
gated. The presence of the W-beam, X-post and washers in the connection should
also be included in the model. In addition, a full parameter study on the bolt

thread stripping model should be conducted.

4. The finite element models simulating thread stripping in the bolted connection
are very computationally expensive. The analysis time reached more than 24 hours
for some configurations of the models. Further work should be done on improving
the efficiency of the model, and investigations made into introducing cheaper

alternatives for modelling the bolted connection.






Bibliography

World Health Organization et al. WHO global status report on road safety 2013:
supporting a decade of action. World Health Organization, 2013. Accessed: 25 May,
2014.

Statistics Norway. Road traffic accidents involving personal injury in 2012, May
2013. website:http://ssb.no/en/transport-og-reiseliv/statistikker/
vtu/aar. Accessed: May 2014.

Trond Age Langeland. Language and Change: An Inter-Organisational Study of the
Zero Vision in the Road Safety Campaign. PhD thesis, University of Stavanger, 2009.

Alena Hoye. Trafikksikkerhetshdandboken. Website:http://tsh.toi.no/doc631.
htm, Accessed: May 2014, 2012.

Statens Vegvesen. Manual 231 E: Vehicle Restraint Systems and Roadside Areas.
Statens Vegvesen, December 2001.

Statens Vegvesen. Hdndbok 267 Standard Vegrekkverk. Statens Vegvesen, 2006.

H Shakir-Khalil and CM Ho. Black bolts under combined tension and shear. STRUC-
TURAL ENGINEER-PART B, 57(4):69-76, 1979.

A.P Mouritz. Failure mechanisms of mild steel bolts under different tensile loading

rates. International journal of impact engineering, 15(3):311-324, 1994.

Hans Olav Bakken-Berg and Hakon Iversen. Computational analysis of a de-
formable safety barrier. Master’s thesis, Norwegian University of Science and
Technology, 2007.

117


http://ssb.no/en/transport-og-reiseliv/statistikker/vtu/aar
http://ssb.no/en/transport-og-reiseliv/statistikker/vtu/aar
http://tsh.toi.no/doc631.htm
http://tsh.toi.no/doc631.htm

118

BIBLIOGRAPHY

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

H Fransplass, M Langseth, and OS Hopperstad. Tensile behaviour of threaded steel
fasteners at elevated rates of strain. International Journal of Mechanical Sciences,
53(11):946-957, 2011.

EM Alexander. Analysis and design of threaded assemblies. Detroit: SAE, Paper,
770420:4-28, 1977.

Luca D’Angelo. Development of an arcan test setup for characterization of road
restraint system. Master’s thesis, Norwegian University of Science and Technology,
2012.

NS-EN 10025-2: Hot rolled products of structural steels - part 2: Technical delivery

conditions for non-alloy structural steels, May 2005.
Eurocode 3: Design of steel structures - part 1-8: Design of joints, May 2005.

E Fagerholt. Field Measurements in Mechanical Testing Using Close-Range Pho-
togrammetry and Digital Image Analysis. PhD thesis, Norwegian University of
Science and Technology, 2011.

Aase Reyes. Oblique loading of aluminum crash components. PhD thesis, Norwegian

University of Science and Technology, 2002.

Eurocode 3: Design of steel structures - part 1-1: General rules and rules for build-
ings, May 2005.

Hagbart S Alsos, Jergen Amdahl, and Odd S Hopperstad. On the resistance to
penetration of stiffened plates, part ii: Numerical analysis. International Journal of
Impact Engineering, 36(7):875-887, 2009.

SIMLab. Theory Manual: SIMLab Metal Model, May 2014.

Unknown. Engineer’s handbook. Website: http://www.engineershandbook.
com/Tables/frictioncoefficients.htm, Accessed: April 2014, April 2014.

K.M Mathisen. Tkt4197 nonlinear finite element analysis, lecture 11: Solution meth-
ods for contact problems, 2013. Norwegian University of Science and Technology,

Institute of Structural Mechanics.

Simulia Dassault Systems. Abaqus theory manual: 6.12 getting started
with abaqus. http://ivt-abaqusdoc.ivt.ntnu.no:2080/v6.12/books/gsk/
default.htm.


http://www.engineershandbook.com/Tables/frictioncoefficients.htm
http://www.engineershandbook.com/Tables/frictioncoefficients.htm
http://ivt-abaqusdoc.ivt.ntnu.no:2080/v6.12/books/gsk/default.htm
http://ivt-abaqusdoc.ivt.ntnu.no:2080/v6.12/books/gsk/default.htm

A Geometry

A.1 Geometry of the W-beam

Figure A.1: Cross-section view of the W-beam with dimensions
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Figure A.2: Top view of the W-beam with dimensions
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A.2 Geometry of the X-post
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Figure A.3: Cross-section view of the X-post with dimension
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Figure A.4: Underside view of the Z-post with dimension
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A.3 Geometry of the washers

R22

Figure A.5: Cross-section view of the longitudinal washers of the W-beam with dimen-

sions
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Figure A.6: Top view of the the longitudinal washer of the W-beam with dimensions
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Figure A.7: Top view of the longitudinal washer of the X-post with dimensions

The thickness of the X-post washer is t= 10 mm.



122 A. Geometry

A.4 Geometry of the loading clamp
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Figure A.8: Top view of the loading clamp with dimensions
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Figure A.9: Side view of the loading clamp with dimensions
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A.5 Geometry of the cradle
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Figure A.10: Front view of the cradle with dimensions
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A. Geometry
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Figure A.11: Side view of the cradle with dimension
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A.6 Geometry of the M10 bolt and nut
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Figure A.12: Nominal Geometry of the DIN 601 M10 bolt

Table A.1: Bolt geometric parameters

S = 17 mm, Width across flats

k = 64mm, Heightofthebolthead
1 = 45 mm, Bolt length

Iy = 12.6mm, Shanksectionlength

b = 26 mm, Thread section length
d;, = 99mm, Shank diameter

d = 99mm, Thread major diameter

Figure A.13: Geometry of the M10 nut

Table A.2: Nut geometric parameters

17mm, Width across flats
m = 7.8mm, Height of the nut
D; = 9.15mm, Threads minor diameter

(¢
Il
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Figure A.14: Geometry of the threads
Table A.3: Thread geometric parameters
P = 1.5mm, Thread pitch
d = 9.9mm, Thread major diameter

cos(30°) x B Thread height

d = - %, Thread minor diameter



B Laboratory Tests Assembly

Figure B.1: Model of the test assembly
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B. Laboratory Tests Assembly

Loading clamp .
w

-beam
w Longitudinal washer,

. . W-beam
Bolt M10
e | Washer 115x30x5
——{—'{_i{_
M—
Nut M10 Washer 30x30x3
Bolt M12

TWi 0

Figure B.2: Exploded model of the test assembly



C Geometrical Measurements

In this Appendix the cross-section thickness measurements of the W-beam, Z-posts,
washers and bolts used in the laboratory tests are listed. All measurements were made
using a micrometer and are reported in mm. Measurements were made at specific
positions in the cross-section at each end of the W-beam and X-posts, while for the
washers and the bolts the average thickness and diameter are reported. Figure C.1
explains the points of measurements of the W-beam, while figure C.2 explains the X-

post.

(a) Cross-section (b) Top view

Figure C.1: Thickness measurement points of the W-beam
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Figure C.2: Thickness measurement points of the Z-post

The X-post has an open and a closed side. The end to left of the open side is referred

to as end 1, while the end to the right is referred to as end 2.



C. Geometrical Measurements

131

Table C.1: Geometric data of the W-beam

W-beam

Test End | Average! Diff-norm? Int-difff Ext-diff*

Test 1-0° End 1 3.05 0.09 0.06 0.11
End 2 3.08 0.15 0.14

Test 2-0° End 1 3.19 0.39 0.32 0.17
End 2 3.19 0.40 0.36

Test 3-0° End 1 3.09 0.22 0.27 0.16
End 2 3.02 0.10 0.14

Test 5-0° End 1 3.08 0.23 0.25 0.20
End 2 3.02 0.10 0.14

Test 1-15° End 1 3.19 0.35 0.29 0.20
End 2 3.14 0.23 0.13

Test2-15° End1 3.09 0.19 0.16 0.05
End 2 3.10 0.18 0.11

Test3-15° End 1 3.06 0.26 0.33 0.16
End 2 3.04 0.30 0.39

Test4-15° End1 2.96 0.09 0.12 0.03
End 2 2.97 0.09 0.12

Test 1-30° End1 2.96 0.11 0.20 0.16
End 2 2.96 0.06 0.06

Test2-30° End1 3.30 0.98 1.02 1.01
End 2 3.01 0.11 0.16

Test3-30° End1 2.95 0.08 0.10 0.12
End 2 3.01 0.07 0.12

Test4-30° End 1 3.09 0.23 0.24 0.13
End 2 3.04 0.10 0.12

1) Average thickness of the cross-section

2) Largest difference from the nominal thickness 3 mm

3) Largest internal difference

4) Largest thickness difference between the two ends
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Table C.2: Geometric data of the Z-post

2Z-post

Test End | Average! Diff-norm? Int-diff® Ext-diff*

Test 1-0° End 1 4.23 0.32 0.16 0.20
End 2 4.16 0.20 0.08

Test 2-0° End 1 4.35 0.48 0.20 0.26
End 2 4.27 0.42 0.24

Test 3-0° End1 4.24 0.34 0.20 0.10
End 2 4.27 0.32 0.08

Test 5-0° End 1 4.22 0.33 0.17 0.02
End 2 4.21 0.30 0.13

Test 1-15° End 1 4.23 0.29 0.12 0.01
End 2 4.22 0.28 0.10

Test2-15° End1 4.16 0.23 0.09 0.01
End 2 4.17 0.22 0.09

Test3-15° End1 4.21 0.26 0.09 0.10
End 2 4.27 0.37 0.19

Test4-15° End1 4.18 0.22 0.08 0.02
End 2 4.18 0.22 0.07

Test 1-30° End1 4.22 0.26 0.08 0.12
End 2 4.24 0.38 0.23

Test2-30° End 1 4.18 0.23 0.08 0.03
End 2 4.17 0.22 0.09

Test3-30° End1 4.22 0.29 0.13 0.02
End 2 4.20 0.29 0.14

Test 4-30° End1 4.24 0.44 0.28 0.05
End 2 4.24 0.33 0.13

1) Average thickness of the cross-section

2) Largest difference from the nominal thickness 4 mm
3) Largest internal difference

4) Largest thickness difference between the two ends
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Table C.3: Thickness of the washers

30x30x3 mm washer 115x40x5 mm washer
Test 2-0° 4.75 2.60
Test 3-0° 4.40 2.37
Test 4-0° 4.70 2.85
Test 5-0° 4.15 2.60
Test 6-0° 4.45 2.35
Test 1-15° 4.40 2.85
Test 2-15° 4.50 2.40
Test 3-15° 4.10 2.60
Test 4-15° 4.60 2.35
Test 1-30° 4.65 2.40
Test 2-30° 4.50 2.80
Test 3-30° 4.25 2.75
Test 4-30° 4.30 2.40
Average 4.44 2.56
Minimum 4.10 2.35
Maximum 4.75 2.85

Table C.4: Diameter of the bolts

Diameter, undeformed Diameter, stripped

Ref 1 10.08 -

Ref2 10.06 -

Ref3 9.84 -

Ref 4 9.85 -

Ref 5 9.86 -

Average 9.90 -

Test 2-0° 9.81 9.18
Test 3-0° 9.83 9.13
Test 4-0° 9.85 9.24
Test 5-0° 9.76 9.05
Test 6-0° 9.80 9.15
Average 9.81 9.15
Test 1-15° 9.71 9.24
Test 2-15° 9.76 9.10
Test 3-15° 9.76 9.20
Test 4-15° 9.78 9.15
Average 9.75 9.17
Test 1-30° 9.68 9.20
Test 2-30° 9.84 9.00
Test 3-30° 9.64 9.06
Test 4-30° 9.82 8.96
Average 9.75 9.06







D Calculations of the Bolt Stripping Load

In this Appendix the calculations of the bolt stripping loads are presented. All formulas
used along with the measured dimensions are presented. The basis for this calculation

is presented in the work of Alexander[11].

Fop = 05 Asi (D.1a)
Fps = 05-A5i-C1-C2-0.6 (D.1b)
Ci = (— (i)z +38(=) —2.61) (D.1c)
D D
5.594 — 13.682R; + 14.107R? — 6.057R3 + 0.9353R?, 1<R;<2.2
- (D.1d)
0.897, Ry<1
LE = m-(D;-D;-Tp1)-0.6 (D.1e)
AS LE 2D P+(d Dy) ! (D.1f)
f— —_— 7T — i ¢ — .
s P 1 2 2 1 \/§
3
go Y3, (D.1g)
2
5
D=Dy+2-2-H (D.1h)
3 :
dy=d-2-2-H (D.1i)

The parameters in table D.2 were measured from the bolt and nut respectively. The

basic major diameter, D, of the nut was assumed to be equivalent to the mean diameter
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D. Calculations of the Bolt Stripping Load

Tp1
s
Os
Ci
Co

Table D.1: Symbols

Pitch

Nut height

Thread height

Length of thread engagement

Shear area of external threads

Basic major diameter, internal

Basic minor diameter, internal

Basic major diameter, external

Basic pitch diameter, external

Design countersink diameter

Tolerance for basic minor diameter, internal
Width across flats

Ultimate tensile strength of bolt material
Nut dilation factor

Strength reduction factor, external threads

Table D.2: Parameters used for calculating bolt stripping load

= 9.9mm D = 9.15mm
= 1.5mm S = 17mm
= 7.8mm Rs = 22

= 0475mm oy = 400MPa
= 11.3mm

of the stripped part of the bolt. Both sand P was taken as the design parameters of the

bolt. Tp; was taken from ISO-965-1 assuming the nut was in tolerance grade 8.



E Design Calculations on the Loading Clamp
According to EC3

Shear capacity of the bolt, EC3-1-8, Table 3.10

Assuming the capacity of the bolt to be equal to 50 kN the necessary cross-section area
of the bolt is calculated.

0.6 A; f
Fyra > Fyka

Yo (E.1)
1.25x50 x 103N »
=260.4 mm

> - @ -
" 0.6 x400 MPa

S

This area is then used to calculate the necessary diameter of the bolt.

7w D?
A= 2
4
D=/~ A
7 (E.2)

4
D =y/ — x260.4 mm?
7

=182 mm=20 mm
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Moment capacity of the bolt, EC3-1-8, Table 3.10

The moment capacity of the bolt is given as

1.5 We fyp
Mpg=—-""22 > My,
Y Mo (E.3)
1.5 x 1570.8 mm3 x 240 MPa

Mgy = =0.539 kNm
kd 1.05

where

w, L D?
=—7
el 16

. (E.4)
Wey =% % (10 mm)® = 1570.8 mm?®

The active moment of the loading force of 50 kN is calculated as

F
MEd:%d (b+4c+2a)

50x 103 N (E.5)
MEd:T(IOmm+4xlmm+2x8mm) :

=0.188 kNm

Noting that M, = M4, the moment capacity of the bolt should be sufficient.

Shear and moment interaction capacity of the bolt, EC3-1-8, Table 3.10

Interaction capacity of the bolt is given as

2 2

(MEd) N (FU,Ed) <1

Mgq Fyra

(0.188 KNm)2 . ( 50 kN
0.359 kNm 60.32 kN

(E.6)

2
) =0.96=<1
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Figure E.1: Eccentricity

where
0.6 As fup
Fypa=—
Ym2 (E.7)
0.6 x 7 x (20 mm)? x 400 MPa
Fypa = =60.32 kN
' 1.25x4

Moment capacity of the vertical plate

The loading clamp is at risk for moment about the weak axis of the loading clamp. This
is due to the unsymmetrical shape of the sigma post cross-section. This can be seen in

figure E.1, where the largest eccentricity is measured to 26 mm.

Mgy =50x13 Nx26 mm=13kNm

Wer fy  14666.7 mm® x 240 MPa

M =
Rd =" 1o 1.05

=3.352 kNm

MFE4 <Mpgg, the capacity is satisfactory.

Necessary material of the vertical plate, EC3-1-8, Table 3.9

The distance from the pin hole to the end of the vertical plate must be no more than
20 mm for the pin to fit. This affects the necessary thickness of the vertical plate. The
Eurocode offers rules for the geometry of the pin connection which determines the

thickness of the vertical plate, see figure E.2.
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Faa ) 24 Frg vpo 4 do
az et €2 T T

Figure E.2: EC3-1-8, Table 3.9

FyEa Mo . 2 dy
2t f, 3
(FV,Ed m)

2 Iy

= 2d (E.8)
20 mm— =2

50x10° N 1.05
2 240 MPa

r=>

> =16.4mm
20 mm —

2 x20 mm
3

The thickness of the vertical plate is rounded up to 20 mm in a conservative effort.

Capacity of the weld between the vertical and horizontal plate, EC3-1-8, 4.5.3.3

The load from the pin is assumed transferred through the vertical plate in an area of 45°,
see figure E.3 . The figure shows the loading clamp from the short end with the effective
weld length to transfer the load to the horizontal plate being 2x 180 mm.

The shear force the weld needs to transfer is

50 kN N
w=—"—"—"——=139.9—
mm

:2x180mm_

The shear capacity of the weld is determined as

fu
fwdg=——=——"—xa
\/gﬁwYMz (E.9)
; 240 MPa__ ss06 N ‘
d=———————x3mm-= 6——
Yl /3% 1.0%1.25 mm
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240

Figure E.3: Estimated effective weld area

The shear capacity f,, 4 exceeds the load g,, and the capacity is adequate.

Capacity of the loading clamp bolts, EC3-1-8, Table 3.4

The loading clamp is connected to the W-beam using M12 bolts and washers. The
bolts need to have enough capacity to transfer the 50 kN load. Assuming the forces are
distributed 45° through the horizontal plate, the bolts within a distance of 30 mm from
the vertical plate must carry the load, see figure A.8. The four bolts closest to the vertical
plate are within this threshold. The bolts have to carry the load when in pure tension
but also when rotated up to 30°. Calculations for the capacity of the bolts have therefore

been made.
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Frq

Figure E.4: Bolt forces at 30° rotation

The rotation of the clamp causes an uneven distribution of the load on the bolts, see

figure E.4. The bolt forces F; and F, are calculated.

B cos(30) x 200 mm

ap > —sin(30) x 80 mm =46.6 mm
cos(30) x 200 mm .
ap = 2 +sin(30) x 80 mm =126.6 mm

_Fggar 50 kN x46.6 mm

= = =13.5kN
ay+ay 126.6 mm+46.6 mm

F
F, =Fg;—F,=50kN-13.5 kN =36.5 kN

The loads F; and F, are distributed on two bolts on each side of the vertical plate.

The load on each bolt consists of a component in tension and one in shear.

Fy=0.5c0s(30) F1 =0.5x cos(30) x36.5 kN =15.8 kN
f1=1sin(30) F; =sin(30) x36.5 kN =9.1 kN

The Eurocode provides rules for calculating the capacity of a bolt in tension and

shear:

F _ay fupa _ 0.6x400 MPax 7w x (6 mm)>
vRd = 1.25
ko fup As _ 0.9x400 MPa x 84 mm?®

F = = =242 kN
tRd =155 1.25

=21.7kN




E. Design Calculations on the Loading Clamp According to EC3 143

Fyra FiEpa
—+——<1.0
Fypa 1.4 F;Rq
F F

S S ) (E.10)
Fypa 1.4 F;rq
91kN _ 158kN
21.7kN  1.4x24.2 kN

The capacity of the bolt is adequate.

=0.89=<1.0




	
	
	
	

	
	


	
	
	
	
	
	
	

	
	
	
	


	
	
	

	
	
	

	

	
	
	
	
	

	
	
	
	
	
	
	

	
	
	

	
	
	
	
	


	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	

	
	
	
	
	

	
	
	
	
	
	

	

	
	
	

	
	
	
	
	
	
	
	

	
	
	
	

