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Ultimate Strength of Tee-shaped Connection Sheet Piles for Cellular Sheet Pilings
with Straight Web Steel Sheet Piles
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In cellular sheet piling siructures, connection sheel piles, required at the interaction of walls between arc

cells and circular cells, are subjected to the most severe stress and deformation conditions among structural

compenents and so they may lead to fatal {ailures. For the purpose of studying ultimate strength of tee connec-

tion sheet piles, which are used for almost all types of cellular cofferdams in Japan and developing new connec-

tion sheet piles with higher sirength, a series of two directional simullaneous tensile tests were conducted by

using several types of about one-meter-long prototype tee connection sheet piles. For design purposes, test

results obtained were illustrated as interaction curves of ullimaie strength at connections concerning hoop ten-

sions in circular cells and arc cells for every siructural details, and alsoc estimation methods for ultimate strength

of typical types of connections were discussed. Additional tensile tests were also conducted on three types of tee

connection sheet piles for newly developed siraight web sheet piles with higher inter-lock strength than that of

conventional ones.
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Fig. 2 Cross sections of standard tee connection sheet
piles designated in the standard shown in
reference No. 3
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Table 1 Mechanical properties of terted materials
for tee connection sheet piles with inter-
lock tension strength of 400 tf/m at minimum

. Yield Strength |Tensile strengtht Elongation
Material (kgf/mm?) | (kgf/mm?) 19%)
Steel sheet | 5Y30 44 60 21
pile =9.5
F SM50A 44 58 27
Steel sheet | gyg 10 61 23
pie =127 e
FA SME0A 43 a7 26
-6 30 45 31 -
s34l —-
=9 38 53 24
Splice plate -
i=12 41 56 25
SM50 A
=14 41 56 25
$22 29 45 33
Rivet SVl
#25 30 47 32
High-strength FlOT Mz2 W{OS 109 7178 _
bolt M25 | 108 12 17
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Fig. 3 Tee connection sheet pile specimens

Sheet pile Splice plate Rivet
Riveted type : Nolation
* Plate . N .
Type S_te:ial thickness S.l('el Dia. Steel Titeh
grade {rmm) grade {mm) grade {mmm)
10(A l“JJ
ngle
F SY 30 6 (Plate) 5541 ¢ 22 SV41A 80 )]
F SY 30 12 SM50 A # 25 SV41 A 85 ()]
FA 5Y 30 14 SM50 A $ 25 SV4l A 85 ©)
Sheet pile Splice plate Bolt
High strength bolted type '—— ) Natation
Plate . . ew
Type S}e;l thickness b‘.tede] Dia, Steel Pitch (ng f
grade (mm) grade {mm) grade {mm)
15046
F SY 30 12 SM 50 A M22 FluoT 16) ®
225(4)
-]
FA SY 30 14 SM50 A M 24 FI18T 15046) 0
225(4) -
Sheet pile Splice plate Weld. condition
Weided type — Notation
Type Stecl ‘ff}‘fn"g"]‘;“ Steel (Leg length of fillet weld
grade Cm) grade {mm})
F SY 30 @ 9 @
i 9
@ F SY 30 9 SM50 A W ®
@ @ 7
) 12
FA SY 30 12 SM50 A
® 9 ©
@ iz
FA SM50A 12 SMS0 A ®
@ 9 ®

Remarks [ » ) Web thickness ./ F 9. 5mm. FA :12.7Tmm
*+ ) Thickness of hot rolled angles L-100X100X ¢
«* ] ny - Number of holts
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Table 2 Allowable stress of riveted coennection®

Stress Crrade of Grade of Tyhe of | Allowable stress
category | steel plate | rivet steel rivet {kgf /em?)
Shop rivel 550
5V 34
Axial Field rivet 490
tension Shop rivet 700
SVALA
IField rivet 630
Shap 1100
S5Y 24 SV, 8V41A
E IL](] 900
blwp 1300
Shear SY 30 SV41A e
FField 1209
SY 40 Shop 1500
SMA0, EMB0Y | SV 4L A
SM33,5MA N Fieid 1200
Shop 2400
5Y 24 SVILEVALA
Field 1 qo0
Shop 3000
Bearing 5Y 30 SVA4l A
Field 2 400
SY 40 Shop 3 200
SME0SMA0Y ] BV 4l A
5 53, SMA B0 Field 2600

@EL@ .

Case 3 Bearing failure
at rivet

Case 1l Tension failure
al rivet

.

Case 2 Shear [ailure

at rivet

Cased Shear failure
al sheet pile

Fig. 6 Typical failore mode of riveted tee connection
sheet piles
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Table 3 Required number of rivets and high-strength bolts for tee cormnection sheet piles (per meter}
Minimum Estimated Steel Required Reduetion of
tensile strength | shear strenpth sheet pile number area by drilling
(kgf/mm®y (kef/mim® ) {(Per meter) holes (%)
Rivet SV 4] (g22) 41 23.7 FI5Y30) 15 34.5
High-strength bolt g T(Mz22) 80 40.0 i 9 20.7
" F 10 T (M22} 100 50.0 1] 7 16.1
Rivet TV 41 {$25) 41 23.7 FA(SY3D) 12 31.3
High-strength bolt F 8 T (M24) 80 40.0 i 8 20.0
" F10T (M24) 100 50.0 " 6 15.0
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Fig. 8 Cross-sections of tee couneetion sheet pile
specimens for straight web sheet piles with
high inter-lock tension
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Table 4 Mechanical properties of tested materials for
tee connection sheet piles with minimum inter-
lock tension of 600 tf/m

Yield Tensile Elongation
Material strength |strength
(kg /) | (kef/mm®) 19)
Sheet pile 5Y 30 B 37 S8 23
FR ) tw=12.7
SM50 A 42.3 57.1 26
Splice Plate|SM504 P71 gp9 55.6 | 25
Rivet SV 41 4 25 28 43 34

3-1+2 EEEHE
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L7:72h, 2 /e a ) sk ir 44 Fig.9

Loading grip
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sheet
Dumimy pile
sheet Test specimen
pile (Tee connection

sheet pile)

Loading grip

(h)

Fig. 9 Testing method for tee connection sheet pile
specimen consisted of straight web steel sheet
piles with high interlock tension
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Table 5 Tension test results of tee connection sheet .
piles for straight web sheet piles with high

inter-lock tension (KSP-FR)

Welding with
waved edge splice
Fig. 8 {c)

Combination of Plug welding
riveting and

welding Fig. § (a)

Connecting

method Fig. 8 {b)

Material 5Y 30 (SM50 A 5Y30 5Y 30

tim Uim |10 tm | 2] tlim[3) thim|4) dim

1 600 563 415 349 530 476
Arc cell (2] 711 568 408 3da 497 480
S| direction |31 674 595 386 342 481 161
& 4 671 | 676 | 426 | 360 | - | 487
@
i
= Ay 064 601 4009 9 503 479
b
*;d'i i'm thim {2 Plug welding with leg| 3] Wavelength of splice
S| Cireular |1 775 752 length of 1mm plate  2)imm
i ocell 2| 772 783 121 With leg length 41 Warelength of splice
direction [3| 764 of fom plate - 250mm
| 770 768
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Photo. 7 Typical lailure mode of tee connection
sheet piles connected by a combination
of riveting and welding

Photo. 8 Typical failure mode of tee connection
sheet piles connected by a combination
of fillet welding and plug welding
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Photo. 9 Typical failure mode of tee connecticn
shect piles connected hy fillet welding
with wavy edged splice
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