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1. INTRODUCTION

The Myntinsyrjan football hall was built in 1990sing RHS steel truss structures of 45 m span. &ti@os
of the truss frame is shown in Fig. 1. The recenttinies of the structural design revealed thatesd¢russ
joints failed to pass the design criteria at ultieniamit state according to the design code EN 19953

Numerical analyses of the selected truss joint®wenducted to investigate the ultimate loads efithss
joints and their behaviors in the whole structdieo types of FE analysis were made: one is thaisdl
truss joint with prescribed boundary conditions andther is the full truss structure. Ls-Dyna 9% lised
for the analyses.

To verify preliminarily the connection solution tfe reinforcement plates, lap shear tests wereumed
in Sheet Metal Center in Hameenlinna. The testsglts are also presented in this report.

Fig.1 Structural section of the steel truss stmectn Myntinsyrjan football hall.

2. ANALYSISOF ISOLATED TRUSSJOINTS

The customer specified one critical joint to belyred (see joint 3 in Fig.1). The axial forceslu selected
joint are given according to the elastic analysidHovisuunnittelijat Oy using beam elements. A &re
dimensional FE model was built for joint 3 in orderfind out the load carrying capacity of the join
Piecewise tri-linear material model was used feelsgrade S355 based on the measured data (seedhppe
2). The boundary conditions and loads were appiethe central points of end cross sections whieh a
connected to the edges of the cross section uigjiaginks. The two ends of the chord are pinnetththe
allowance of axial deformation. The laterial movernef the compression bracing in the structurahela
is partially restrained by the neighbouring strueturherefore two cases were analyzed to investitet
effect of this partial restraint: one case withefend of compression bracing (Case |-a) and anctss
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with full restraint of laterial movement perpendauto the momber’s axial direction (Case I-b). He
model is illustrated in Fig. 2.

Tension
bracing
Compressiot
bracing

Fig. 2 FE model of joint 3.

The loads in the chord and bracings were appligallgxand proportionally up to failure. The progort

is determined according to the internal forces lamate limit state based on the elastic analysis b
Hovisuunnittelijat Oy. Table 1 lists the axial fescof the structural members based on the elastigss.

Table 1 Cross section dimensions and axial force & from elastic analysis.

Structural Chord left Chord right Compression Tension bracing
members bracing

Cross section 120x120x5 120x120x5 70x70x3 50x50x3
Axial forces (kN | -828.8: -635.6¢ -192.6¢ 191.7¢

Fig. 3 illustrates the deformation and stress aombd the analyzed truss joint at failure. It candeen that
the chord face yields significantly if the compiessbracing is not restrained at all. Significant
displacement perpendicular to the axial directibthe compression bracing (bracing rotation) ocedirr
prior to joint failure. The analysis shows that taiure occurs at 38% of the axial forces at udtinlimit
state (ULS). If the end of compression bracingi&mained in the direction perpendicular to the inens
axis, the chord face yield in the region of tendioacing, and a shear failure occurred in the csestion

of chord. In this case, the ultimate failure loa®8% of the axial forces at ULS.
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(a) Case I-a: at 38% of axial loads at ULS
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(b) Case I-b: at 58% of axial loads at ULS

Fig. 3 Deformation and von-mises stress contousalfited truss joint model at failure.

4 (14)



HAIVIK

HAMEEN AMMATTIKORKEAKOULU
HAME UNIVERSITY OF APPLIED SCIENCES

ANALYSIS REPORT 5 (14)

SHEET METAL CENTER 25.05.2015

3. ANALYSISOF FULL TRUSSMODEL

The modelling method used in this case is the coatlnin of beam and shell elements. This modeling
method has been studied and verified by resear¢kadak 2014, Radic et al 2010). The critical jeiate
modelled by shell elements and other areas arelladdisy beam elements. The connection is made grou
master-slave rigid links. In this way, the modekss significantly reduced, calculation resultdude both
global and local joint element behavior, and maspartantly, modelled joints are exposed to actual
boundary conditions in the truss structure (Ratlial2010). The behaviours of the crtical jointdl Wwe
examined in the full structure.

The truss structure is symmetric and the signitigent of the design loads (snow load and self ttsig
are also symmetric. In order to save the computatiome, the left half of the truss structure wasdelled
and the symmetric displacement boundary conditias applied in the middle. The design loads at WS i
shown in Appendix 1. The design loads were provigethe customer.

Seven critical joints specified by the customereverodelled. In order to compare the behaviors e$¢h
joints at ULS in the original structure and in tseucture with proposed strengthening solution, two
analyses were made (Fig. 4). The strengtheningezies were pin- connected among them and with the
original structure.

Node output for
displacement

Q¥

@
. 9{5@@/@

~g \\l Three strengthening
- f,‘ elements proposed by

"7 Hovisuunnittelijat

Fig. 4 FE model of the full truss analysis.
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The deformations and stress contours of the seslested truss joints at ULS are illustrated in Bidor
original structure and in Fig .6 for strengthengdcure. Red color indicates that the materidghefregion
exceeds yield limit of 355 MPa.

(a) Joint 1 (b) Joint 2

(c) Joint 3 (d) Joint 4

Fig. 5 Deformations and stress contours of thécatfijoints in full structural analysis — originstiructure
(to be continued in next page).
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(e) Joint 5 (f) Joint 6

(9) Joint 7

Fig. 5(contd.)
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(a) Joint 1 (b) Joint 2
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(c) Joint 3 (d) Joint 4

Fringe Levels

(e) Joint 5 (f) Joint 6
Fig. 6 Deformations and stress contours of thecatitoints in full structural analysis — strengtieel
structure(to be continued in next page).
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(g) Joint 7

Fig. 6(contd.)

From Fig. 5 and Fig. 6, it can be seen that thdddwas been redistributed after the strengthenements
were added. The stresses of joints 1 ~6 exceegdltelimit (355 MPa) in the original structure, etteas
only joint 1~3 exceed the yield limit for the stgthened structure. Stress level of joint 1 ande2reduced
obviously. However, the loads in joint 3 is exagged due to the strengthening solution. Based en th
analysis, joint 3 need to be further reinforcethie strengthened structure.

Fig. 7 shows the vertical displacement at mid sgasus the applied load ratio. When the load rgicaés
to 1.0, the design loads at ULS is reached. Itimeeen that the load redistributions occur inotinginal
structure at load ratios 0.5 and 0.7. It is possibat the load distribution at load ratio 0.7he original
structure is due to the yielding in several crititass joints. The maximum displacement at ULSigles
loads is 163 mm at mid-span in original structurealy 64 mm in the strengthened structure.



HAIVIK

HAMEEN AMMATTIKORKEAKOULU ANALYSIS REPORT 10 (14)
HAME UNIVERSITY OF APPLIED SCIENCES
SHEET METAL CENTER 25.05.2015
Load ratio
0,0 0,2 04 0,6 0,8 1,0
0 —
“--\,.‘H\"" ""'"'—»..___ =

s=e 23D N,

£ \\\ =

£ -0 - S

= -60 \

% -80 e

Q ——

L] ﬁ“’"‘&

- -100 ‘*\

et

< -120 \

o —— Original structure

o

£ e S t i

-Strengthened structure
g -160 ¢
-180

Fig. 7 Vertical displacement of the truss structtrenid-span.

4. LAP SHEAR TESTING OF BOLTED CONNECTIONS

Welding operation on site for reinforcement is tigkely more costly and was required to avoid it as
possible. Threaded bolt connection with access dntyn one external side was proposed by
Hovisuunnittelijat for the reinforcement solutiow the truss joint(s), instead of welding of the
reinforcement plates to the existing structuretelein lap shear tests of the connections were ctealirc
Sheet Metal Center in order to compare the thredmed connections with the normal bolt-and-nut
connections. The test arrangement and the dimensibspecimen are illustrated in Fig. 8. The grafle
the steel plate is S355 and the bolt grade isTh8.torque moments for both threaded connectiods an
bolt-and-nut connections are 6 N-m for M6 bolts 46dN-m for M8 bolts.

Table 2 shows the parameters of the test spicemheinghe plate thickness in the bolt head side amsl t
the one in the bolt end side.

Measured lap shear forces versus displacementiann in Fig. 9. It can be seen that threaded aziiomes
without nut have slight lower ultimate load-cariyicapacities than normal bolt-and-nut connectidhs.
difference is less than 5 percent. However, thgpalje occurred for the normal bolt-and-nut conoesti
in the early stage of load carrying, did not odaurthe threaded connections.
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Fig. 8 Dimensions of specimen and test arrangen@nimensions of test specimen; (b) test arrarggm

Table 2 Parameters of the test specimens

Specimen No. Bolt diameter Plate thicknes®late thickness Bolt setting
t1 (mm) t2 (mm)
N1-N3 M6 3 3 Normal bolt-and-nut
K1-K3 M6 3 3 Threaded ho
N4-N6 M8 3 3 Normal bol-anc-nut
K4-K6 M8 3 3 Threaded hole
K7-K9 M8 3 5 Threaded hole
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(b) M8 bolts: normal bolt-and-nut vs. threaded holes

Fig. 9 Measured lap shear forces — displacemeres(tio be continued in next page).
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(c) M8 bolt: threaded connections wittFBmm and 4=5mm

Fig. 9(contd.)

5. SUMMARY

Numerical analyses for both an isolated truss jaimd seven truss joints in the full truss modeleneade

in Sheet Metal Center of HAMK using Ls-Dyna. Fa@ldoad was found by the numerical analyses for the

isolated joint, and the behaviours of seven seatdctess joints were further examined in the fuls8 model.

The details of truss joints were modeled using Isbleiments and the other structural members were

modelled using beam elements. Rigid links were dgethe connections between the beam elements and
3D shell elements in the corresponding regions.

Non-linear FE analyses reveal that the load-cagrgapacity of joint 3 is 38~58% of the axial dedigads

at ULS from 1D elastic analysis, depending on tigpsrting condition of the free end of the compiass
bracing member. The behaviors of seven truss jowete analyzed for the cases of original structume

strengthened structure. Analysis showed that there insufficient load-carrying capacities in tihess

joints 1 to 6 of original structure and significam¢lding occurred at the ULS loads. For the sttkeged

structure, the stresses in the selected trussjoiate reduced obviously, except that stress im piwere

exaggerated. Based on the analysis, truss joimt!3ei strengthened structure need to be reinforced.

Fifteen lap shear tests were conducted in SheealM&tnter in order to compare the threaded bolt
connections with the normal bolt-and-nut connedidresting results showed that the ultimate loads f
threaded connections were slightly lower than nérbwt-and-nut connections, but the deformation
behavior was improved and no slippage occurrebtaretrly stage of loading.
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APPENDIX 1: Design Loads at ULS

Fig. A.1 Design loads of truss structure at ULSrtirHovisuunnittelijat)
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APPENDIX 2: Material Model for FE Analysis
Stress (MPa)
910 r
355
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Fig. A.2 Piecewise tri-linear material model ste#ments in Ls-Dyna.

Table A.1 Elastic constants for steel S355 usdderFE analysis.

2(2)

Elastic Modulus E (MPa)

Poisson’s Ratio

Mass Density (kg/r)

210 000

0.3

7850




