Journal of Korean Society of Steel Construction
Vol. 25, No. 5, pp.543-553, October, 2013

DOI http://dx.doi.org/10.7781/kjoss.2013.25.5.543
ISSN(print) 1226-363X ISSN(online) 2287-4054

ARG A2 Gl

A Study of Structural Performance of Self-Drilling Screw Connections

Park, K.Y" Jeon, S.H?

Kim, Y.H® Choi, S.M**

Y Master of Engineering, Department of Architectural Engineering, University of Seoul, Seoul, 130-743, Korea
? Master of Engineering, GONE E&G Structural Engineering Consulting, Seoul, 137-857, Korea
¥ Doctor of Engineering, Sejin International Patent & Trademark Office, Seoul, 135-909, Korea
Y Professor, Department of Architectural Engineering, University of Seoul, Seoul, 130-743, Korea

ABSTRACT : As the deep deck plate has the shape of open cross section, It can cause structural problems such as bending

torsions due to instability of the section. There are a number of fasteners types which are frequently used on light gage steel

diaphragms such as bolts, rivets, welds, and screws. In this study, the structural capacity of the self drilling screw

connection between the deep deck and the reinforced cap plate was evaluated by experimental variables such as the

arrangement method, numbers of screw, pitch of screw, and head plate thickness.
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Fig. 1 Steel plates bending and self-drilling screw tilt

Fig. 2 Self-drilling screw shear strength reduce
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Fig. 3 Failure behavior of light gage steel self-drilling
screw connection
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Table 1. Specimen variables

Arrange Q'ty screw Pitch T&i;ﬁgs)ss
Normal 2 25mm 1.2/1.2
reticulated 3 100mm 1.2/1.4
4 1.4/1.2

(a) Normal arrangement specimen
1 . T 17

i
1
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(b) Reticulated arrangement specimen

Fig. 4 Shape of specimens
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Table 2. Specimen schedule

Name Screw he(alr?llgl)ate thick Screw(lbfnss plate Scr?xnfgtch Screw arrangement | Screw q'ty |Specimen q'ty
T1-B1-S1-L1-N2-1,2,3 1.2 1.2 25 Normal 2 3
T1-B1-S1-L2-N2-1,2,3 1.2 1.2 25 Reticulated 2 3
T1-B1-S1-L2-N3-1,2,3 1.2 1.2 25 Reticulated 3 3
T1-B1-S1-L1-N4-1,2,3 1.2 1.2 25 Normal 4 3
T1-B1-S1-L2-N4-1,2,3 1.2 1.2 25 Reticulated 4 3
T1-B1-S2-L1-N4-1,2,3 1.2 1.2 100 Normal 4 3
T1-B1-S2-L2-N4-1,2,3 1.2 1.2 100 Reticulated 4 3
T1-B2-S1-L1-N2-1,2,3 1.2 1.4 25 Normal 2 3
T1-B2-S1-L2-N2-1,2,3 1.2 1.4 25 Reticulated 2 3
T2-B1-S1-L1-N2-1,2,3 1.4 1.2 25 Normal 2 3
T2-B1-S1-L2-N2-1,2,3 1.4 1.2 25 Reticulated 2 3
T1-B2-51-L1-N2-1,2,3

. Specimen s No.: 1, 2, 3
— No, of Serews 1 N2(2ea), N3(3ea), N4(4dea)
-~ Serew arrangement : L1 (Normal), L2 (Reticulated)
— Distance from Centers ' S1(25mm), S32(100mm)
~-— Back plate s THK : B1{1.2mm), B2(1.4mm)
— Cover plate s THK : T1(1.2mm), T2(1.4mm)

546 s=zz7xstsl =27 M5 53(SA 1263) 201349 102



Fig. 8 Experiment Setup Overview
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Fig. 6 Self-drilling screw connection detail E -
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Fig. 9 Stress and strain curve of the plate
Table 3. Plate mechanical properties
3378 U =9 Thickness| F, F, r Elonrigatio E | Steel
(mm) | (MPa) | (MPa) | "'V (%) (GPa) | grade
AP AeAddetme] 572 4859 500kN &% G0
. o e ) b 1.2 | 343 | 422 | 81 31 | 200
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Table 5. Experiments results

Fracture Behavior Maximum Force(kN)
Specimens Results Expectation Results
Forecast

@ @ ® AISI CSA EC @ ) ® Ave
T1-B1-S1-L1-N2 T T T T 11.0 9.0 8.4 10.6 10.7 11.1 10.8
T1-B1-S1-L2-N2 T T T T 11.0 9.0 8.4 10.3 10.6 10.3 10.4
T1-B1-S1-L2-N3 T T T T 16.5 13.5 12.6 14.5 16.8 16.1 15.8
T1-B1-S1-L1-N4 T T T T 22.0 18.0 16.8 21.2 20.3 19.1 20.2
T1-B1-S1-L2-N4 T T T T 22.0 18.0 16.8 19.5 19.3 19.9 19.6
T1-B1-S2-L1-N4 T T T T 22.0 18.0 16.8 21.0 19.7 20.3 20.3
T1-B1-S2-L2-N4 T T T T 22.0 18.0 16.8 20.2 20.2 19.9 20.1
T1-B2-S1-L1-N2 T T T T 15.3 9.8 8.4 10.7 10.8 10.8 10.8
T1-B2-S1-L2-N2 T T T T 15.3 9.8 8.4 11.5 11.3 11.0 11.3
T2-B1-S1-L1-N2 T T T T 11.0 9.8 8.4 11.5 10.4 10.8 10.9
T2-B1-S1-L2-N2 T T T T 11.0 9.8 8.4 11.5 11.5 11.5 11.5

1-Ro-

B2-51-L1-N2

T1-B1-S1-L1-N2

T1-B1-81-12-N2

¥ 1. AISI @ USA Standard, CSA : Canada Standard
2. T : Tilting of Self-Drilling Screw
3. D : 1 Specimen, @ : 2 Specimen, @ : 3 Specimen
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Fig. 10 Load-deflection curves

sRYPEes =2

it

H25¥ Sa(sd 1262) 20134 10€




ZALAL o1 HetRol ahet FRESEIE AT
T1-B1-52-L2-N4 T1-B2-51-L1-N2 T1-B2-51-12-N2
25 25 25
20 20 20
= 15 15 ~ 15
: g Z
E o T w 3 -2
S /?/ \2 o E 5 E 10 5 o o
5 1 e ey 5 ———2
0 i " " : — : 0 i ' 0 i . . . . B
0 5 10 15 20 25 30 0 ° 10 5 ® 2 30 0 5 10 15 20 25 30
Displacement{mm) Displacement(mm) Displacement(mm)
T1-B1-S2-L2-N4 T1-B2-S1-L1-N2 T1-B2-S1-L2-N2
T2-B1-S1-L1-N2 T2-B1-S1-12-N2
25 25
20 - 20
15 - 15
z <
T w0 T w-
3 5 = 5
0 ; 0 ¢ : T
0 5 10 15 20 25 30 0 S 10 15 20 2 20
Displacement(mm) Displacement(mm)
T2-B1-S1-L1-N2 T2-B1-S1-L2-N2
Fig. 10 Load-deflection curves (Continued)
4. ¥ 44
o < N T
WIEZ A2 AR e ek & 337H4 s g\‘ &K S
T
AAAE AP 2o 7 AFAY s R=et HhuE =
- —
Table 59k 2t} A3A9 OF%*%W T4E Fig. 1090 743] vl
3l E]' Tabledl 1 ] '4"‘47{ 0431 %Qﬂ"‘ K3 "4"‘/]7% (a) Initial phase
ol ARe} Heigle AISIe oJa) el wd mE A D
AP} AN BT Yeten T s

SECIE RIS
2 Bla oY AEe AL AASE

s e ARl

ik

Y g

5.

MI

A
5.1 HiX|YHol| o2 HEt
5.1.1 I39A%F

AZAUAL e kg A8 Al 270ele AAUAPE
ARl Aoz HXE S FAsEA S AR
o}, Ak akgol S7KsIA Aje] AAuAL 39l olA
FHAQ WMol Uehton] ol 24 AUt At 2y
e}, ol2id Wage] M Fig. 11(a)9 2o] 2718k
AT A AN Holgd olste] BAE 2zt
WS o] Asl] Wdol giglth. ey A@Ae F
A7E ot sksel S7kel w2t Fig. 11(b)st 2o] #Ajel
He] ko wo] WAElem of2igh WFo] AAuA}

h Screw Tilting
(b) Final phase

Fig. 11 Deflected shape at maximum loads

f j% I

Local bearing

CENN f:ﬁ
—J_L — Screw thread

shape

Fig. 12 Screw thread failure

E71eA T A

A2l 37 w,

o= yoEr.
AL 5 W3 el AL v

e 5 dske] wgd] BAle] dEH o HRd
AdAeHE AohiE =2F He371e} 3 sl5o] 34

st2zpxsts| =27 M5A 53(£H 1263) 20134 108 H49



S g By F o) mdele e BT, d
9240 ke S7o] WEACR Uehhe AL A
2o £9E ¥ Fig. 125 o] thilate] sijsen ¥slo]
wifslel Bge] asihrl Ty Wklel 13l 23
v Tl Age] dzow s

=

5.1.2 BIAF

AZAL iR Hel whe HiuiEe Table 63 22
o, ZZu} x| HEe] #gle] nhE v - A
e ¥ske Fig. 1339 2ok

Table 62 2] ek
Fo7 gEgko 2 AXH AJdAe] A S e
ERd Zlojt}. 1 Fho] 1.0Rt} A9 glmwgke ]
Aol o] o ZA VR A onlgta 1.05
Zodd Auigkow AXg A@AS Hoivo] o A
Uehd e ouleitt, AZ2UALE dngko s wix|e 74
7h ARk wix g eHo A2 Y Hd A
e go] 194 0.9732% thh 742l skAet A9 A
o7} gl ACE eI
Ay =2 & FRadk dx
1¥ M7t S7kstA sk 349 %ifskt— AR
WA A@AME sk S flo] YRR M

ZRIE tke] 19§ ege] Fdeln. ARIA S

e
ﬁ

O
rE
o

I

A9 Y 9ue 51 96l Fen FEAE
2 A% g 2L ] e
A WHoz AR T Ao TP} olmun
o A Fiel Bel ZRALAGe] v Al 89
9] Aojet BRI

5.2 7H0| mE gk

5.2.1 FA%

A 20l w2 SHASE Arfuw 42
o] 25mme] A@AE Holgel Sfalo] WAH
Zo| <3 WPo] Azte] AAMIIN vehd UFE
Hslo] v @ el AR e WEA
ov] AZAL 240] 100mme) ARAE A7) A
W] e A2kl WEle] 9gE 74 glol 22ke] A
Al Beugel W] Uekainh

5.2.2 sl BE A U
A} 24e) Aolrh AV AR o] b))

Table 7. Relation between screw pitch and maximum
force

° Screw Pitch
A% Bl FAIA WaktE AF S4o] v}, wet 25mm 100mm
Arrangements| Total Avg. Total Avg.
force force force force
Table 6. Maximum force (kN) (kN) (kN) (kN)
N2 Normal 10.8 5.40 NA
Screw Q'ty(Pitch) Normal |Reticulated| Ratio Reticulated 10.4 5.20 NA
2 (25mm) 10.8 kN 10.4 kKN 0.96 N3 | Reticulated 14.5 4.83 NA
N3 (25mm) - 15.8 kN - N Normal 21.2 5.30 21.0 5.25
N4 (25mm) 20.2 kN 19.6 kKN 097 ARetlculated 19.5 — 4.88 20.2 - 5.05
4 (100mm) 20.3kN | 20.1kN | 0.9 verage : '
250
25
Z 200
20 =
_g 1580 -+
15 £
£ £ 100
£ 10 .%
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O 4

NZ N3 N4(25mm)
Number of screw

N4&{100mm)

| B MNormal Reticulated

Fig. 13 Maximum force comparison by screw
arrangements

550 szz7xstsl =27 M5 53(SH 1263) 20134 102

25 (Centerdistance(mm) 00

| W Normal Reticulated |

Fig. 14 Maximum forces by variation of center distances



© 9% Table 73 2ow, AZAUA}L 74 ®isle] &
AL Al Hdlg sl Fig. 149 2th. Table
7& AR ofg 2AUAe] HiY sksgkell tiele] A AuAL
T B e AL 1% HoiuE S el Blol
AAUAL $4 714 Wl wE A@Ad HAUA 75
AR st v A Eix| <} Sleuix| el AdAe]
THUNEE AA4UAL A o] 25mmeu7E AAUA
A o] 100mmE™ Erh 0.58%¢] skse] S7ket
AUAl 24 0] AR HY stagtells 2 Akol7t ¢l
Ao 2 eyt
AISI7|e] AAWA} 742 3doldo2 st 9lom
2 AgAe AAUA FA 1 W4 25mm(3.97d) <}
100mm(15.87d)E 25 3do]ds w=st A8A 9
FHojEo] 2 zpolE Holz| ol & 24
A 1< 25mmet 100mm=F 4 S Aoz
A= E

N of

rr

an

4 A
£3

Sy ok B

¥o, >

5.3 M| FHHSI|

5.3.1 JASF

AZAUAL wepdae] FARSE A A2 AT
Aol A9 #Agle] tiite] AgA|AA DAL A
A w3l veRge)

Table 8. The relation between screw head plate thickness
and maximum force

Screw head Arrange Base plate thickness
thickness ments 1.2mm(kN) | 1.4mm(kN)
Normal 10.8 10.8
1.2mm -
Reticulated 10.4 11.3
Normal 10.9 -
1.4mm -
Reticulated 11.5 -
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o 115
:E 11
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S 1w
95
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14/12

Fig. 15 The comparison of the screw head plate
thickness and maximum force
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Fig. 16 Comparison of the standard and experimental value
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