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Fatique failures of the upper flanges of continuous composite girders
and steel plates of composite slabs have been friquently reported from
laboratory fatigue tests. Those failures were caused by the initiation
of fatigue cracks on the toe of welding of studs. To increase the
fatigue strength, the authors have developed a new welding method to
get smooth toe shape of the collar. Essential change is to let the
high temperature gas occurred during welding go out upward by closing
the castellation at the bottom in the ordinary ferrule. Furthermore,
a modification on the ferrule have been developed to give slope on the
collar side. To confirm the improvement on fatigue strength by those
changing of welding and ferrule, many type of fatigue tests have been
carried out. High improvement of fatigue strength, especially for a
stud under the combination of tensile stress in the steel plate and
shear stress in the stud, was recognized.
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Z Range of Plate (kg/mm’} - E Range of Plate (kg/mm’)
-4 3 . N

L1t : Nominal Shear Stzesszj i i 7 : Hominal Shear Stress

Range of ‘S:ud (f«z/mmv | B i |L__Range of stud (kg /mm?®)
107 10" 10° 10° 107 107 10 10% 10 o7

NUMBER OF CYCLES 70 FAILURE (N) NUMBER OF CYCLES TO FAILURE (W)

H19 vU-A50S~Nii#g (v= 3.9 kg/m®) 20 VY -A50S—N#iE (r= 5.6 ka/mm?)

-
o

< [ ¥ Ix;lu‘r Type o 14f (Y I TN
: T = T [NRN . a i
& _Lserxe‘s’ J“ | & t | F[Series 5 MTh A Type | Mark Line
;ﬂ T T ; il FRNEE] A [6) ]
= T 5 2, Ty \:» 5 2
e x = B—5=10.0kg/mm2 C 0 ———
= t x TR

- \ g b T H{H
@ a d :H/d=3.68
w | fstud :H/a=3.68 | [SENEES a Sty N X
g [d=l9mm, B = 70mn ||| 0] & 6rld=19mm, H=70mn SRE
@ 104 a 1 1

Concrete: SRS ~ Concrete: T i N
H rioc =396 kg/cm? T T < = G =396 kq/cn}‘z . 1 t i N

Eo =25.3 x 16° kg/cm? ~ R = 4F|Ec =25.3 x10" kg/cm i T‘ ry

et \

& S i Nominal Tensile Stress 5 §7 Nominal Tensile Stress LR
5 Range of Plate {(kg/mm")} Range of plate (kg/mm?) NN

T : Nominal Shear Stress 8 T : Nominal Shear Stress ~

Range of Stud (kg/mm®) E Range of Stud (kg/mm?) ’
5 8 ki =
1o’ e 1o ¥ 10 10 10° 10° 108 107

NUMBER OF CYCLES TO FAILURE (N) NUMSER OF CYCLES TO FAILURE (N}

Bl21 YY-X50S— Nk (7= 7.0 ke/m?) mo9o vy —X50 17— N (S=10.0 kg/mm?)

« 14 ] v;rUHjL 1 ‘V‘l w“:\‘ |; i . - ] « 14 [N 1 1H,_L T
E lz:m “; ! = T T Type | Mark Line 1 é 12:r§m T T Type | Mark Line
= mrevareu i} (TR A 1) ] > T T 1 A [} 1
21 r‘J NN :» s % 1 R NEY) 5 = ]
P A g B J - - 7 ]
= S = 13.0kg/mm i C o T Br— S = 16.4kg/mm c | @
- T oo T f - T T ] il
§ Stud : H/d =3.68 i @ [[sewd:m/d=3.¢8 [
2 6| =19mm, H=70mm ! 2 6kld=19mm, #¥=70mm N
S H

& H—HHH olda|al & [ FL{ N
~ Concrete: = {~|Concrete: N l
Z | |oe =396 kg/em? W I £ | loc =336 xg/em? NN
2 4F{Ec=25.3x10" kg/cm? T 8 4-|Ee=25.3x10" kg/cm? il
©w « .
G S : Nominal Tensile Stress t g S : Nominal Tensile Stress N
: " Range of Plate (kg/mm?) N - Range of plate (kg/mm?)
2 T : Nominal Shear Stress g T : Nominal Shear Stress
F * Range of Stud (kg/mm?) | 5 Range of Stud [(kg/mm?) g

2k 2

10} 10* 10° 10f 107 10° 1o° 1o° 10¢ To7

NUMBER OF CYCLES TO FAILURE (N) NUMBER OF CYCLES TO FAILURE (N}

23 vY-~A5M0 7 — N (S=13.0 kg/mm®) H24 VY —-X50 v — Nk (S=16.4 kg/mm?)
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5. EAMAREZT B AY v F T @IROEIREC KT S5 A

AHROFAEER. &
FAmNOPERE Lics
JB3AYv . 50V
B - a9 — b ARKEE
RRLZBH 5 29 v P OEH
MEDmEERVHIZEH S H
TH%. Y —-X5OEH
HEH S, BEREOWRK
& o TR B DIER X
hbZeBWHeht ok,
ZUT AV -ZXDER
WESROERIICET 52 &
BTES, UL, RBD
HEY X ERHE
ORI RET 50
T M18~240iER
BEEHTERL, D
HEVIEAEHLTD. &
AREESEAHTRETH S
kDL T BLEND
%, ZO—#LOFHEEL
T BEI S5y 2 LM
BB BT 3L
EBUREISDAE
EHT®SEEDN S,

COFFEEEMALT. K
18~240%%E»HEE
Vs ZOREEZH255 X
U28BWRT. 2h O
HFCH IS IR ERU TS
Wine L. K25,
T RAY Y FH#ERic 89 %

BECH %S,

EQUIVALENT STRESS RANGE (0er) kg/mm?

(0er) kg/mm?

EQUIVALENT STRESS RANGE

40 & <
O 4
Clo_Bos
30 : T ]
I R S
| Type | Mark Line s -
r Zs
20 H—2 el H O O~
e O
| [IREARE] N~
ger=+/2.1745° +5.834 11 +6.5215 1
| | where, ver : Equivalent Stress Range (kg/mm?®)}
S i Nominal Tensile Stress Range of
10k Plate [=P/A] (kg/mm’®)
P : Tensile Force (kg)
A : Crogs-Sectional Area of Plate
F (mm?}
T : Nominal Shear Stress Range at Weld
Collar of Stud [=Q/As] (kg/mm*)
Q : Shearing Force (kg)
As : Cross-Sectional Area of Weld Collar Stud : H/d = 3.68
of Stud (mm?) d = 19mm, H =70mm
A Type ; Ag=71D,* /4 T v |
B Type ;A5 =7D,%/4 1{Conerete:
Dy : Diameter of Shank of Stud (mm) gc = 396 kg/cm?
[at this test, ¢ 19 mm=const.] Ec =25.3 x 10° kg/cm?
P : P SIS S S N
103 10 10° 10°® 107
NUMBER OF CYCLES TO FAILURE (N)
3y > 3 4 ~
H25 VY~ X5DHALINCL S S — NEIHR
R €A
(R 5 F#ZOY AWIS T B RGE)
40 T T
T8 O~a
* ST
:LTyuel Mark Line i @ A
20219 | ! 0
—[ B |7 S 7:—-—»--«--?-] 1] NN
oo [ | (] 5 ~
I T J A
| ger =V 2.174S% +5.834 1 ¥+ 6.521L S T ~o M
| | where, der : Equivalent Stress Range (kq/mmz)
5 : Nominal Tensile Stress Range of
- Plate [#P/A] {(kg/mm?®)}
10r P : Tensile Force (kg)
A : Cross~Sectional Area of Plate
+ (mm? )
T : Nominal Shedr Stress Range at Weld
Collar of Stud [=Q/As} {(kg/mm?)
@ : Shearing Force {kg)
Ag : Cross-Sectional Area of Weld Collax Stud : H/d = 3.68
of stud (mm?) d =19mm, H = 70mm
A Type ; Ag=mwD22/4 (Dz =1.31Dy) RN T
B Type ;A5 =7 Dz%/4 (Dz =1.48D: ) Concrete:
" D, : Diameter of Shank of Stud (mm} Tloe = 396 xg/em®
fat this test, ¢ 19 mm = const.) Ec =25.3 x 10° kg/cm?
N N X PRV MR z T

10" 10°

NUMBER OF CYCLES TG FAILURE

10°®
(™)

H26 YU -A5OMALTICLSS — NEH®
(A9 FREVIBOYAMIGHIEHVREE)

BAMIES [BAMIIR ZAY v FHEBOATMTHRA TR U L8] TRBURSET. M26W. T2V
FAREEVIRI BT B AMISH [YABHRE SR RREY BOMER TR U 2E] TRHUVLSBEET
BB B, M25. 26&d. ST AMAIDVER T B MOMROFATIRC BT B51REN [ (515RT]
+ AN EEIRETER TERU 28] 2RA U 2.
F25. 28 THoMRE DWW, S—NERREIKOSERENE XY Y FRAERT A8 AMILIRAVR
MMESITHRETSE. AL BY 4 TE3—ADS ~NHRICENTESZ &b PRk & T EED
SIRBIBENE ZAY v FEANISHOMEE 2 RF B AY Y FORFEERIE Zh oD S — N @HE]
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XC. ZhoOlERBENT. BRR25TBY 4 7OEHBEMEIHATSES D, FI260L5KA
¥y FREVEBOYANIEI 2RO RISEOHAEHTEFRBEFELBE U RS, AL BY1TOR
BREREPFE-DORFEDBIENTEESTHEN. BYA TORBERPVAY 4 THNELELUTVS
DU K3WREN TV R L HSRBBREHBOMBERRBLIUABIVBOHEBA O LUBLRC LI LS
FEIHNEDBOEEDLN S, BB, B26RBVTES-NF - ¥ L2HERAHTURER. XX2HE,

cA¥ LT ilogoer = 2.495 - 0.204+10g N (HHBIRE : -0.936) (1

*BY¥ L7 logge, = 2.565 - 0.204-fog N (ABRIIREL : -0.975) (2)
22T Ter AEAIEST (kg/mm?)

N CHRECES I TORIELEE

B¥ 4 7OHBRKPAY A TERDTRRZKRED 2RI LY. HREOAY v M@

DHORLEELU T, FETTHIPBBRETION I VEBDRIREDBOEELZ NS,

6. # W

A9 FEBESHZ0VRAY Y FITEEIROEFRERMET 2 LDEEREL E—EORRER»S. XY
v FBERIERT 27 s V- LICBEBEREMA 32 S X VBEFREOR EYohEDDET L 5. i
BOEREENTLERDESITH S,

(1) A% P XBEO3IREAR (VU -X1) »old. RO Y v FEEEE AL TORERRE
| U HEBENER I N,

(2) Ay FOBAMRER (V) —-X2) Hod. &Y 4 TORFTEEORC IR . BRI VEE
TEHHET AOLEREREOBERHORVOELZRUIBRVBDEEL S,

(3) Fisher BB L UEEMODMABLHV XYy FOE 2R (VU -X3. 4) »old. A¥y
FREAMNOAPBERT 2 BETH. FIREOURI K > TRFMEUMEL 2. B S — NHROME X
PEPPIERY., FGHAINRZRLFEFHEPRIETEXE, coZE&ha. EMFLZT38MHTTD.
WRAOAY Y FBEBERH VSRS, A9 v FORSBEOHLENHNEDOEEPN S,

(4) ZAFy FAXMEOEANARER (VU -X5) hold. EE © (BY17) Bitks (Ay 4
T) CHANEFEERLKEMEIBTVRIENHEL PR > k. BRABOAY v FEEEC & SR
EoRLEOFERI. FI26DL5HI 1 TOS ~NEENFEF—AOS ~ N CEHTEZZI M,
RRIOBRELN. ATV FORBYBKEL R >R RDEFTLS. X6 RBYBOFIKSE > H
KRR LR AMEIMASNS. Th WRA @ (CH4T) OREHETORSHREN 1 =3.9 k/
e BBV TAY AT L0DTHRFLEUTOSZERNHEH MRS,

COEED SRR ABHO BT EE. B&U. AREROSHRE R h s DURBOBERELERT
BZERE T FWHREMLEBHINZHOEEDN %,

(8) YU—-AB5RBIFSA. BYATORBERE. 29 v FREVESOTABISHEHORIBAOH
YREATBEUEROWE. FhFL—ADS - NHEBK I V. FEORNOHEEGE 22T 3 EHEMO
BHBEXChODS - N TRATE 3,

3

AR FITT 2 S0, ERAERIBEOSRME L EEMNRITBECHE2H > 2. KKK
FHRBOBAB T AECRESBRIHEEIHRELVERE VL, R TIA—-LOWROERE. ATV D
BBCEHERZY Yy P72 29 () KERHEmNESRE ZFR-KREBEVL. 2ROTHIERR.
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X B, EFAE TR AR THREE T Y=t (5 SEE~f6 1 ) KEHBRsU
WF - BB REBE, TTRHEUT. E<HERRTIRETH S,

5 £ X W
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