Al-Azhar University Civil Engineering Research Magazine (CERM)
Vol. (41) No. (1) January, 2019

R
DESIGN OF BOLTED CONNECTIONS SUBJECT TO

TORSION AND SHEAR IN THE ULTIMATE LIMIT STRESS

STATE
Mohamed S. Abu-yosef!, Ezzeldin Sayed-Ahmed?, and Emam Soliman?®

IStructural Engineering department, Ain Shams University, Cairo, Egypt
2Department of Construction Engineering, The American University in Cairo, Cairo, Egypt
3Structural Engineering department, Ain Shams University, Cairo, Egypt
udlall

4y saall ol ALYl o) sl ol el a g je Ji Al jueluall a5 Al 2 dualal) Clag¥) i
ps o A yre gl LS HaY Aleas donpaal) il puen 8 deriivedl COla gl el yiiai s palll s 58
3aac Y Loy dalal) Llall Ol sl Led ALS 5 4 ) saal) 381 5 il (5 81 ALY ¢) 5] g 30 g olind]
REN VA PUR I (RGN TN [ PRCR W
A g Gan L) cliin) Jlae & 4dal) Llad) aal (e COla gl o3 avana 4l 50 maal 28 Gl
3gilly palll o8 oo Al @i ) ALaYL o)) 6 eliadVl agie e 4adlll cilalgal) lieY)
43S pall pebisall a5 avanal Jlae & Laolac) &5 3 ESlagl) (e aaall dlin Gl (e pe Jlly Ay sl
53 e b Dhall Gl mpaalis Aolu b ¢ Gl g5 el il 5 eling) g jal da paall 48 001
Ll pall 5 S e 2 e A 2lias Sl Gle g gall (o piiag (5 el CilalgaY)
gl iy ylas ki (1993 (2 s¥) 258 5 205 s madd) 25SIS) apenaill 3 ST akana o)) L JSAL yaa
Sl 2 SIS e WY amy 3 ga g an Glalgadl (5 geadll 2 gaal) Jlaa (8 Sl dll 628 aranal die 45 all
GlalgaV¥l asa (g2 A Sl gl el aranal = alara ey e Aaial Aalas w2y Al s CSA/SA-16
i )l 5 A325 Lgisi s dea s ¥ Lok juale o gukilly Aslaall o3 (o 3ol & Sy (5 sanil
el )10 Aalia iy sl pebisall ddlise Ul aladin) Jla (8 Lgasand (e (3ia oy ol 5 ABG Lgia
Clay el JSily 5k @ gl A Al dpaae Aldas Al o ol ja) dad) 138 b a3 adle e lelyg
e 12 o alare lad o)l Gash g @l 5ol 5l a0 5 pal (658 duda yrall 43S 53 alsall
Aaliadl aYaleall L Hlaa g \.@.\Sc e ‘fj\ b}ﬂj\ 48 yma
ekl ) JSaly Gy ke Al Apne Al Al 3 sla) o Lad Gl 13 gy
dee 5 Lo Jlei A BN 4djae gpadbaddl o lad clal Gl e dlld 5 (el (5l dua el
DY) P el WS ady Al ddlisall 5 Gaill 38 (o 5 Cliaia
ABSTRACT
Steel connections transferring axial and shear forces in addition to bending moment
and/or torsional moment are widely used in steel structures. Thus, design of such
eccentric connections has become the focal point of any researches. Nonetheless,
behavior of eccentric connections subjected to shear forces and torsion in the ultimate
limit state is still ambiguous. Most design codes of practice still conservatively use the
common elastic analysis for design of the said connections even in the ultimate limit
states.
Yet, there are some exceptions such as the design method proposed by CAN/CSA-S16-
14 which gives tabulated design aid for the ultimate limit state design of these
connections based on an empirical equation that is derived for % inch diameter A325
bearing type bolts and A36 steel plates. It was argued that results can also be used with
a margin of error for other grade bolts of different sizes and steel of other grades. As
such, in this paper, the performance of bolted connection subject to shear and torsion is
experimentally investigated. The behavior, failure modes and factors affecting both are
scrutinized.
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Twelve connections subject to shear and torsion with different bolts configurations and
diameters are experimentally tested to failure. The accuracy of the currently available
design equations proposed is compared to the outcomes of these tests.

Keywords: Bolts, Eccentric connection, Shear center, Instantaneous center, Shear
failure, Steel structures.

INTRODUCTION

The majority of steel connections are eccentrically loaded. Thus, design of these
eccentric connections has become the focal point of many research: for such
connections, the moment-induced stresses must be taken into considerations besides the
stresses induced due to normal and/or shear force.

By large, design of bolted concentric connection subject to bending moment has been
extensively investigated. In contrast, behavior and design of eccentric connections
subjected to shear forces and torsion in the ultimate limit state are still ambiguous.
Most codes of practice (e.g. ECPSC 205-2008 and Euro Code EN 1993) still use elastic
analysis for design of the said connections even in the ultimate limit states. Yet, there
are some exceptions such as the design method proposed by CAN/CSA-S16-14 (2014)
and AISC (2017) which give tabulated design aid for the ultimate limit state design of
these connections based on an empirical equation that was derived for % inch diameter
Grade 4.8 bearing type bolts and A36 steel plates; it was argued that results can also be
used with a margin of error for bolts of different sizes/grades and other type steel. As
such, in this research, the performance of bolted connection subject to shear and torsion
Is experimentally investigated at the ultimate limit state. The behavior, failure modes
and factors affecting connection capacity are scrutinized. The accuracy of the currently
available method proposed for by CAN/CSA S-16-14 (2014) is investigated.
ELASTIC ANALYSIS

Figure 1 shows a schematic of a bolted connection subject to shear and torsion with
bolts’ shear areas and loads shown separately from the column and bracket plate. The
eccentric load P can be replaced with the same load value acting at the bolts’ centroid
plus a couple M = PL, where L is the load eccentricity (Figure 1). As such, each bolt is
assumed to resist an equal share of the load, which is given by Pv = P/n, where n is the
number of bolts. Each bolt’s force resulting from the couple M can also be assumed
based on the distance between this bolt and the bolts’ centroid. Based on this
assumption, the forces acting on each bolt due to the couple M can be found from
(Sayed-Ahmed and Elserwi 2017),
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where d is the distance from the centroid of the bolt to the bolts centroid. The total force
acting on any bolt due to the shear force and the couple M is thus given by
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Figure 1. Parameters adopted in the elastic analysis of connections subject to shear
and torsion.

THE EXPERIMENTAL PROGRAM

Twelve specimens were designed to investigate behavior and failure mode of bolted
connections subject to shear and torsion. Two and three rows of bolts (Grade 4.8)
with 10 mm, 12 mm, and 16 mm bolt diameters were adopted in the tested
connections. Test set-up and instrumentation are shown in Figure 3 while Table 1
shows details of the tested specimen with L and S symbols in the specimen names
indicating long (80 mm) and short (60 mm) bolts, respectively.

The moving plates (brackets) were bolted directly to a bracket (fixed part) which
was rigidly connected to the testing frame column (as a cantilever) using 27 mm
diameter G8.8 bolts. Instrumentations were set, as shown in Figure 3 via 14 LVDTs
and six strain gauges. The load was applied on a top plate connected the two brackets
by an automatically controlled hydraulic jack, which was adjusted to maintain
constant loading rate. All instrumentations and load cell were connected to an
automatic data acquisition system which was connected to a computer to record all
data acquired by the system software.

Table 1. Details and results of all the tested connections.

Bolt No of Exp.  failure Elastic Load Eq.

Specimen ID Dia.(mm) rows load Pexy (KN) 2 Peqz (KN) Pexp/Peqz
M(10)2R-e1-S 10 2 60 1 139
M(10)-2R-e1-L 10 2 62 1.43
M(10)-2R-62-S 10 2 52 i 1.47
M(10)-2R-e2-L 10 2 53 150
M(12)-2R-S 12 2 60 s 1.40
M(12)-2R-L 12 2 60 1.40
M(12)-3R-S 12 3 90 o 147
M(12)-3R-L 12 3 83 1.36
M(16)-2R-S 16 2 95 o 1.46
M(16)-2R-L 16 2 100 153
M(16)-3R-S 16 3 132 o 1.39
M(16)-3R-L 16 3 130 1.37
Average + St. Dev. 1.4+0.05
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TEST RESULTS

Table 1 provides a summary of the failure loads of all tested connections and compares
these loads to elastic design approach are shown in Figure 4.

Table 1 reveals that the experimental failure load of the tested connections is about
140%+5% of that predicted vial the elastic design approach (Equation 2). As such the
elastic design tends to be very conservative and significantly underestimate the failure
load of connections subjected to shear and torsion.

CONCLUSIONS

An experimental program was conducted on twelve steel bolted connections which are
subjected to shear and torsion. The results of the experimental investigation were
compared to the currently adopted elastic technigues.
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Figure 3.Test set-up and details of the tested connections.
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The comparative investigation revealed that the elastic approach significantly
underestimates the connection capacity and tends to be very conservative and
uneconomic.

Figure 4. Test Failure
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