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Synopsis :

In the recent civil construction projects, especially those for bridges, studwelding
technique has a very wide application as shear connector of concrete slab and steel
girder because of its effective and economical feature. Nevertheless, there is a
considerable room left unstudied on the weld zone consisting of stud and steel girder,
with many problems on designing and execution calling for complete solution. In this
study on stud-weld zone, emphasis was placed on various mechanical properties
including such internal defects as hardness increase and blowholes, their relations with
bending moment and shearing strength. Also, fatigue tests were conducted in such a
way that both tension and shearing stresses were applied simultaneously onto the
testpieces of steel plates intended for a continuous composite girder. This study was
instrumental in obtaining valuable data on the designing and execution of stud
connector, and the result of the study was adopted by the Road Bureau of the
Construction Ministry as "Specifications for Arc Stud-welding". The study also received

a 1969 governmental subsidy for the construction technique research.
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Synopsis :

In the recent civil construction projects, especially those for bridges, stud welding technigue has a
very wide application as shear connecfor of concrete slab and steel girder because of its effective and
economical feature.

Nevertheless, there Is a considerable room left unstudied on the weld zone consisting of stud and
steel girder, with many problems on designing and execution calling for complete solution.

In this study on stud-weld zone, emphasis was placed on various mechanical properties including such
internal defects as hardness increass and blowholes, their relations with bending moment and ghearing
strength.  Also, fatigue tests were conducted in such a way that both tension and shearing stresses were
applied simultaneously onto the testpieces of steel plates intended for a continuous compesite girder.

This study was instrumental in obtaining valuable data on the designing and execution of stud
connecter, and the result of the study was adopted by the Road Bureau of the Construction Ministry
as "Specifications for Arc Stud-welding”. The study also received a 1969 governmental subsidy for

the construction technique ressarch.
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Table 1 Requirements for stud material

~Chemical compigition | Mechanical propertes

L wtgp b UL
Welding method | Materia) |l s | T.S. | Y. P. | EL |Speci-| Bend | Radius
‘ ¢ 'Mn¥ Si P ‘ 5 (kg/mmz)l(kg/mmz)i (%) :men angleio[ bend
“Cycarc method : 0.160.600.15 P T e T | T T
Phillips method YOS§41 R ‘sxxossgo.ouﬂ 7 | =24 1220 ' No 2 18° | 1.5D
{marketing use) 0.200.9000.35 ‘__ - 7|7 I
T TUUASTM A0S | ] | ' \ : ,
(k3] ! .2 0 .
AASHO 1mm$#gm7 ‘ ‘ } ‘ a1 i2
1020 Killed or | | =a. :
AWS®  eemikied | | L1 J I A N R
IASTM AT08 10,130,301 !
61T DT |<0.040 go.om‘ ;:45.7‘ 235.2‘ 20
Gregory Co.  iGrade 1015 |0.180.60 ) B |

ASTM A108 ]0.180.30 | I | L

(V-8 A) LaiT RN lgo.mo <0.050, »45.7, 235.2 220 :
Grade 1020 j0.230.60 | | | __ L L L L1
- “10.11]0. 45005 | | ' | '
Cﬁﬁgﬁgzgf' ! ‘3 |2 ]<0.050/<0.050]  >50.3 2393 : |
_ "8 _ 0.170.650.30. 7|,m_¢,7h(“ﬂ_,Th _
Spec, for stud | : i | i ; ; ' | |
0.50 a1 | ! |
S constru: <0.2] 2 ‘ 1<;o.040<,0.040! . | =24, > No.4 |
_tion Ministry) 09(_) -h2 | ‘ |
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Table 2 Classification of stud materials
Stu217 777.7. 1 . 7 * Cheml(.a] CO;bDSIt]On (wt/)i o ‘ " Ih)e‘g‘;)l’eli?[:—:s; -
No. ‘lPhxlllps‘VCyc—arc‘ Material Class  Analysis ' Mn ; : _'Y._f’i‘_-’l'. S,
,,,,, LT imbe] €| S ‘ P 1S |kg/mm)kgimm)
A | PA | N NA s s4l ‘&ll\ﬁa{ 5| 0.9 0.20‘ 0.50‘ 0.0160.02 32 | 4
"B | Pa NB si5¢ | gifba | 5| 0. 0.26 059 0.016 0.011) s | s
o v e SRS e m | w
b | pp | ND "o rika | s 08 —"”6"45‘ 0-6;)‘_6- 04517” | 4
E |l ope | NE | s [ My ] s o o 0.9, 0.011 0.010 2l w
F | PF | NF v kitea | 5| oot 0.1 ossodooes s | w
W PVH” . NH a Kibea | ¢ o o0z o 48' 0. 019‘ ;{1%1731# 2
;| ey Ny "  kima | 5| 0.0 0.9 0%()%100&‘ 36 | 53
Kk | Pk Nglggdmm“%uggé;tr5nid%' - UmOJdOﬂﬁtigﬁi Tr
L] | pL . | - W R | 3 018_‘ 1 0.4 0".-009-0.03@' 22 a2
L. G o w2 — 0.72 0.009] 0.028 26 B
* Class L: w() lZ/C M: ¢,12~0.25%C H:~0.25%C
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Fig. 1 Dimensions of stud
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Fig. 2 Procedure of stud welding

Table 3 Stud welding system and welding

condition
— e
Welding system Cyc-arc ‘ Phillips
' | FRANK-200 At
_f-’owe_r '301:1rce e sets)FD 140()L(I set)
Controt ‘ NC-21 ‘YS 221C
Stud welding gun‘ NS-101 iYS 221G
~ . | Ferrule TA-7/8 [Cartridge
Arc shield ‘ ype| YN 22F1
Current ‘ DC 1900 100A |DC 1500+ 100A
’llme ‘46 50/50sec
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Table 4 Relation between stud material and internal defect rate

| Internal defect rate*!

Stud : ——— - T
Phillips w2 | Cye-are
No‘ 1 —— — —- R . e e | ——— - :_. —
i 1 ‘ 2 | 3 4 ‘ 5 ‘ Mean lDispersion‘ 1 ! 2 3 ' 4 i 5 | Mean |Dispersion
A 09 09| 26| 66] 29 =28 57 | 05 0 66 60| o] 26 6.6
B . 39129 47| 1.6| 7.4 6.1 1.3 | - 157 13.619.4. 6.9 13.9 12.5
C 0| 0.6] 2.4 0.9 3.2° 1.5 3.2 F 3.7 2.6 7.1 4.5 55| 4.7 4.5
D | 1.8 0! 6.6 0! 3.9 2.4 39 | 66 55| 4.7, L8i 26 2.3 4.8
E | 1.6 1.6 0] 0.3 47| 1.6 47 | 29 24| 1.1] 24 26 2.3 1.8
F 0 0,9! 1.6] 3.9. 0.9 1.5 3.9 | 0.9 0.5 3.6| 1.4 0.8] 1.4 2.9
o 09 0 0.9 0f 0.9 0.5 09 | 0.3 2.4 19| 1.8 1.9 1.7, 2.1
7 ¢ 39| 05 | 0| 0.3 0.9 1.3 3.9 | 1.6] 1.6 8.4 2.2] 22| 2.2 1.8
K @ 3.2 3.2 o| 6.6| 24| 311 6.6 | 55| 1.8] 1.6| 5.8|1.0] 5.1 9.4
L 01 6.6 0| 47| 1.6 26 6.5 |
M | 0.3 29 1.4! 1.6 0 1.2 2.9

* 1 Internal defect rate= Total of internal defect coefficient % 100%

2. Dispersion=maximun value—minimun value

Table 5 Classification of
mternal defect

Diameter of |
internal defect' Coefficient

fmmy

0.5 ; 0

0.5~1.0 | 1

1,1~2.0 J 3

2.1~3.0 ! 6

3.1~4.0 12

4.1~6.0 | 25

6.1~-8.0 I 49

8.1 i 100 . . R

e Cyc-arc (internal defect) Phillips (internal defect)

Photo. 2 Example of stud macro section, normal and having internal defects
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Table 6 Mechanical properties and chemical compnsition of plates

|
| Mechamcal prupertles

Material . (mm} L i - Yield pOi‘“E” Llonéat](m B Be;lc; ”
[ R L Ge/ma ,,,,Qig/ mm" | R S
SSHT | 12 26 | a1 | 38 Good
SS41B | 12 ‘ 27 Z 15 - 38 ”
S M50 A 12 . 38 \ 56 2 P
S M50A 25 | 32 ‘ 50 28 "
S M50B 38 - : 33 ‘ 55 28 "
SM50Y B 25 ‘ 40 ; 60 25 "
RIVER TEN 504 25 ‘ 38 ‘ 58 27 "
5 M58 ‘ 25 ‘ 54 :_ 63 31 ”
7 i ] N - Chen:lcal c?}?npos&nn o 7 _ ‘ Ceqr

Material | Analysis 1—--

1 iC‘VS.iiV‘i”MnEP!5‘Lu‘lNi‘Cr‘Molrvrle!Ali(%)
S La.d_';_____‘ , | _‘ { _|_ f‘ . f,‘ e T
SsaT | Check | 0.25 0.004‘ 0.48 0.003! 0.026‘ ‘ ‘ | | ‘ 0.001 0.33
S B~ e A R
SEUB T ek | 0.2 0.003‘ 0. 49' 0. 013‘ 0.022 ; } . " 0.00L 0.31
SM50A | I:;idle 1 o.16 O_PW_l 35‘ 0. 016\ 0. 019“_ _ | I W o
(12mm) | cpeck “ 0.17 0.37 | 1. 52‘ 0.013 0.017 0.04 ‘ 7 | ‘ 0.024 0.41

(25mm} Check | 0.15 0.41 ‘ 1.29 0.023 0.014! | ‘ ‘ ‘ 0.020 0.38

SM50A | Ladle | 0.13 0.33| 1.31 0.020‘ 0.015 ‘ ! ‘_ ’ ‘ 0.015
|

| Ladle | o.mi_o.sg' 17.35! 0.016 o.owi ' | \ ! I

0.017 0.0180.05 i ‘ | | 0.021 0.45

i Check 0.20{ 0.36 ] L. 42‘

Ladle | 0.18 0.04 | 1. 24] 0.009) 0. 021| | | | | | |
5M50Y B ‘ ‘ ‘

0.0:5: 0.002 0.43

Check 0.21 0.032 1. '30 0.010 G. 021‘ 0. 07‘ |

RIVER TEN Ladle l 0.12‘ 0.36 | 0. 87‘ 0. 014 0. 014‘ 0. 28 Q. 14‘ 0. 41

S0A Check | 0.15 0.33| 0.88 0. 017! 0.014 0. 28! 0.14. 0.46 0. 018 0.002 0. 015 0. nzzl 0.40

'0016

0 ()3.4 0. 37

0.48 0.04 0. 092' 0.037

Check ‘ D.]S‘ 0.33 1 22 0. 014‘ 0. (uz‘ 0. ()8 0. 47| 0. 04\ 0. 088 0. 037 0 (}J.3

Ladle | 0.12 0.35 | 1. 181 0.015 0.013

Mo Si . Ni , Cr Mo
Ceq % =C+-00 N r_y Mo
€a ‘% 5 T T T s T 14 %)
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Table 7 Chemical composition of stud material
Welding | Chemlc'll composltl{m
Anatysis e e T e S T
method | c si  Mn | P ‘ s | o } Al Ceq
[ S — : i ———— - . - . — - ! —_——
i [
| Ladle ' | , | L o
Cyc -arc | Check ‘ 0.15 ‘ 0.008 ‘ 0.71 | 0.012 | 0.002 ‘ .04 ‘ 0.001 | 0. 269
- ___ ‘ . La,(,“e,, | el - ! R ‘ - ,,‘, L -
Phillips ‘ Check 0.22 i 0.004 | 0.75 0.017 ‘ 0.027 0.04 0.002 0.345
- — [ —— .s - . ! - -
Table 8 Test items and number of specimens
. - . H R ‘ - - N
'—Mmmm]‘SSﬂT sams\agﬁg\uﬁﬂg BM%B mﬁmm,ﬁx%A\ S M58
Temp oe 0 ope or Comecs 1 100°C
Test items o 26°C 20°C | 20%C 20°C i 20°C ; zo c ! 20°C \ 20°C | Preheat
> . o . e S
Plate bending test 3 : 3 ! 6 i 6 ‘ 6 : 6 | 6 ‘ 6 : 6
Stud bending test 6 | & 6 ‘ 6 6 + 6 6 6 | 6
Stud shearing test 5 s | 6 | 6 ‘ 6 | 6 | 6 8
Hardness test 3 ‘ 3 ! 3 ‘ 3 ! 3 ‘ 3 ! 3 3 3
Macro test | 5 5 | 5 5 ‘ 5 5 5 i 5 | 5
—_—— .. ————— ! [ — ! S —— 1 ————— S . — - —
P
L}
E Q i L [r=1.5!
T
/\Stud completely removed 1 1-61
| - } [ - I
" Osy '
Stud welding
L side !
L
Fig. 4 Plate bending test
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\ ! Al t '
- - L :ﬂ —
T mﬂlygif F
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Fig. 5 Stud bending test
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Fig. 7 Effects of stud welding for various plates
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Photo. 3(a) Plate bending test

Photo. 4 Stud bending test
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Table 10 Resulis of static tension test
| S 541 | SM50A ‘ S M58Q
Test series Yleld pomt| Tensile ‘E]ongatlon Yield point" Tensile ElongationlYleld pomt| Tensile .Elongatmn
(kg/mm?) strength (%) (kg/mm®) strength‘)‘ (%) |(kg/mmi)l strength | (/)
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\ ‘ ' | | .
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Table 11 Summary of fatlgue test resulls for D series

= B " Nominai ténsile “Average shear stress |  Number of cycles -
Specimen stress range range on a stud to failure
- o kg/mm®y L Ckg/mmh L A0
D—1-1 ' 22.4 2.1 ' 0.127
D—1-2 11.6 2.0 1.063
D--1--3 : 14.4 | 1.9 0.517
D--1—4 9.8 1.9 I 1.292
D—-2—1 16.6 . 3.8 ‘ 0.241
D—2—2 ! 8.4 3.8 1.207
D--2-3 ‘ 11.3 3.9 0.609

=128 —



PR A A e T AR A SR B T i & A o
TLLOEF L, DRAOLOILAZ » FIofEi
S AR AMAOFNII L b, BAAESETE-
THEA 2T B du, BETE & A fe D PP e bF
Loy bt » T b Eivbhnd

Fig. 16 1= 1L.72C, D -1 B X0 D—2 %4
DS --NMMERA LT 2 &, SRS R
ABRIE TR E A S0 Ui A LT
LMFINRS NG, ToT, CoORSLHLD
Dok, Aleles RS B (L AEAL A el
WhUomEsilBogrctfllantaigln
RS T A Z el C, D - 1
B LT, D—2RF02005MEHFBRE, L0038
HEOGRE Rfo A F oy PO L E AT
BiE 5o 200 AR v isvr DA A S I i
[REERK Lo Lizoss Fig 18 ¢& 5, Mriuc
EHERROBERSE Y ELTHRATIN TS,
Fig. 18 mRBo 28, SRS LUHUEKER
BES RO 4 oo fa iS5 0k, Yol s b
B, U7oAi- 0, SElo BB ks T ahb s
A DT O R £V D BRI RS K0l
b Yl R G N = DO S AR N I S Y
b, TR AERMME LT, JEIRDLY
AWNET & oG RIEOHLE (BERdheT
—42l 0, SELGR— A WD, FEEEod
fitoy L& (iRt A PRIE & 20075 [MIREIREEY, /r[Eies

A Ky b/f\/bm{&u @1’ ﬁ&i}}uﬁfﬂﬁkob T 479

SE A &y FITEE g s b o

MR L o R E L bR D,
o ke, fkouiss, fJaeinik
Eod LTk HAS » lﬁ‘%ﬁﬁiﬁhxﬁ&'ﬁ@iu

MICHEN T b iz vy, Fig. 18
Lﬂ SR, IR L AR & O
T dh 4 -EOREN S P T o o EATHSR
Lo LdnlL, SEOEROFIENCIL, KET -
R VA P N SO - O S S S B k3111 0 ey
Bichet, ok, CORRYEW-T L0050
T — 2 s Btcs, Blow AN Y ST
WD ERR A RERDTH LT ER L
T3 <,

(2) SMS50A 3 3 U°S MEBQHIH

Shboles LT, BfeE T, CHRY
OERLME LTV VWOT, BEAEST L0
s L BIERRE DB SR e — T T -
12 S M50¥: & U8 S MBI T B R R Avis,
motedm Fig 1T ko h b0 5 —NEES CHR
FlofsR b kSIS A R T D,

Fig. 17 i C, SM50AR L SMH8QD
CHRFIOEE s —F L, 200 77 BN
v, 12.5~13kg/mm* CH b, #HHlk-H LS
M50A =it #50%, SMGEBQ CILEM0%RIE &
T D,

ChE ORI BT SEEEILS S4108S

Maximum principal siress eriterion (1% -, (¢, — o)

s

Maximum shear strain energy criterion I ¢® +37% == 0
Maximum shear stress criterion ! g% {472 = g2

Ellipse quadrant relationa® + 87 =1

Fllipse are relation :

CAE (g e(2—g) =1

Shear stress range ( kg/mm?)

where 4,  tensile fatigue limit
7, - shear fatigue limit
& Ty
A=rtlr.
700/ T

® Present test data

10.1 ™ Push-out test datal0

Normal stress range { kg/mm?}

10 (R. &. Slatter and J. W, Fisher)

Fig. 1§ Comparisons of test data with various criteria of failure

—125—



480 Mok B gk s #

July 1972

40%%\\ - —
! . @ \ ;
- ’ \\R_. ~e i
. H (9:-
30 Sk e \go L A -
rAE \\\\\ \‘.'
E LA A \0\ -
ol e o= r
= A 1a i
% 20 el LS AR
g B =
s wlee e
E - - “"\_:ii -
o 10+ [}Pe uf specimens L—|\:ce|$::g g}[;i‘]‘;‘i];ls' R
Plate with a stud removed : .-
| [Plate with a sted -
Plain plate
C' | n HE S |
0.1 4.5 1 2 5 10

Number of cycles to failure in million

Fig. 19 Fatigue test results’®

R, TR A Sy FREORREME TS
ot E A D, R OIR ML, ko, 55
Aoy Til-c MM G-3-2 HPAEER)

LALOTHHI EMNbLD, COL5E, A
Z oo PG A 2 » PRGBSI
FHwlyh, —foyRIH AT LnTsE
LDhoEERbRL, FOT, JOBRGO R
DT OUR &R AR TADL E, 200 75EHC
BT AR EEE CEEMOERBE S 2 WEH
OP R X T LAED) 11, S S41T2.63, S
MS0A 12,15, SM58Q Tit2.46TH - fo. *—’7\
Bl = & » P oo, HEOEEIC X
-*"-—'aifjx*i $y RO PR E RO TiE b T

@Gﬁﬂﬁm&ﬁﬁﬁ,T&b%,mﬂ%
Wuﬁf BORE B05 Lo e E A B By
i g Y b C‘é“tmtnmtn

3-4 ORBERL O KB (25 v EAHIC
20LT)

Tidk BY o Ik 25mm o S MS0A k2 $22
mmanARy FO~ldk, F477 -6
7 gV FAFAO TN D 0L AR
Ko R TR B4 ey, FELTHE
it HET 4 S MA0A 8RR @ 75 [ Sl s

CHbR LBV L, RERTILR A
raAs . FigEe, Axy PR o 48 0iz
A SMOOA BE{HEEMIZoUT L b it
B4 {11 » 7, F3F PUc b4 4 S - Nl §R, it &
fljE7s &4 koh Ty 4, Fig. 19 35 L7 Table 12
K%@%%%%fuftﬂwmmm—m&
Phote. 9 =3¢+, Fig. 19 = =\ Ui Ave
— 2 b7 4 Y AN K B D ;t}:A i
ML E LML THETF L TINDES -

u?b&,%ﬂwFﬁiﬁmmME@%mﬁ&m
¥ 22kg/mm® THH, A& PO
16kg/mm?® ¢k 5, RGO EF O 200
RYREINRAD - e+ 2 L, 22 v FlzEHHD
#66%, A% v Pl U <CR48% Lic k., &
fo. A& e N HOWNEGRRILN2.06TH Y,
AERRO SMSOA K M+ L{E2. 158 62 F L <,

[l AR A v L Cr e s B LR SR S D
e S,

EMTRIE L, A X v FEREM T RLES
GRETHE D, AF v PR EBC
Thaotol Lok, KEROS SAH#MMIZoLT
o FErR (3-3-2 [QHABN) 2, ol
LY T E D Lo big,

A&y F{Tb o GRS BB L i, 1L

— 130 -



Vol. 4 No. 3

Specimen

Plain plate

Plate with a
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Table 12 Summary of fatigue test results®

Static test

i . | Tensile

Yield pm?t . strength

| (ke/mmS (kg/mm?)
- ‘ .

| 32! 50

| 33 I 50

stud removed

" Plate
with a stud

Name

Authors

Ishiwata and
__Takahashi®
T. Wakabayashi

et al®

K. A. Selby

et al. ¥

W. Roshardt™

Cyc-arc method

T

Fatigue test

Cyc-arc method ‘

Phillips method

Elongatlon Fatigue l_ir-r:itlFatigue ratio Fatigue limit|Fatigue ra-tio
%) ‘ {kg/mm* « (%) | (kg/mm?) )
s ‘ 33.5 | T

s o | w | s

T S PR

Table 13 Comparisons of fatigue strength of plate with studs

Tensile | Fatigue ratio

i Number of stud

Fatigue strength, kg/mm?*
Material : 0 | strength, |
N=500,000 'N=2 000,000 kg/mm? |at 2 x 10° cycles| welded to a plate
IS sS4l ‘ 16.8 | 0.1 | 4.8 | 225 |
JIS SMS50A ‘ 17.4 | 12.4 | 53.4 | 23.2 One stud
JIS SMbHBQ ‘ 18.2 ‘ 13.0 | 65.0 | 20.0
JIS SMb50A 23.1 ‘ 15.9 I 50.0 i 31.8 One stud
R S A DO I

JIS 8841 ‘ 18.0 | 1.0 441 | 24.9
1S SM50 ‘ 21.2 ‘ 5.0 53.8 i 27.9 One stud
5 SM58 1 15.5 ‘ 10.0 ‘ 62.2 ‘ 16.1

ATF ‘ 37.1 30.2 One or more
ASTM 16.6—~20.4 | 10.0~12.5 b | studs, transve-

| 59.1 | 19.0 | rsely

N . o N
DIN st37 | ' 1.0 | 10.0 | 27.5
DIN Sth2 9.1 ‘ 56.6 i 16.1 Three studs.

$t60 56.8 i 17.6 longitudinally
DIN 17.5 10.0 e

5t70 64.2 ‘

Specimens with a stud removed

(b

Photo. 9 Typical fatigue failure®

Specimens with a stud
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SRR, (1971) 2, 77-B2

4y Fim, BB WIeEEEE: - MU TR R ESG I E, (1960), 71
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