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Proposal for Estimation Method of Hot-spot Stress
for Steel Plate Structure with Pad Plate——

by Shinji Nonaka, Member
Masahiro Toyosada, Member

Toshihiro Fujii, Member

Summary

Hot-spot stress concept is commonly used for fatigue strength assessment. Hot-spot stress is
generally defined as the structural concentration stress at the toe of welding bead excluding the
concentration stress induced by the welding bead itself. This stress component cannot be obtained
directly, so that some estimation methods have been proposed. However, existing methods are the
extrapolation method based on some assumption of stress distribution considered not to be based on
the theoretical background.

This paper presents a new estimation method of the hot-spot stress based on a theoretical back-
ground for flat steel plate structures with a pad plate. Firstly, the solid element FE analysis with fillet
welded modeling is carried out and the separation method of the structural concentration stress from
the total stress is proposed, namely hot-spot stress can be obtained logically. This procedure indicates
that a hot-spot stress can be obtained directly by shell element FE analyses. Therefore, modeling
technique of the flat steel plate structure with pad plate by the shell element FE model is established
and FE analyses by the shell model are carried out, secondary. Finally, hot spot stresses obtained by
the new method and existing methods are compared and evaluated. And it is found that the existing
method gives lower value of hot-spot stress and proposed new method is considered to be a rational

method.
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Region to be analyzed
(4800 X 850)

(a) panel model

Region to be analyzed
(4800 X 850)

(b) longl. model and applied load

without pad plate with pad plate

t=10mm
r=40mm

180

(c) pad plate

Fig.1 Deck structure to be analyzed
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Table 1 Solid element FEM model

Pad plate
welding lej

Load case
LG-X LC-Y

Model No.[Deck plate thickness|
10mm 20mm
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N

none -
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with 25
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(a) SM-2 (LC-L)

i

T 1{if

(b) with pad plate
(wedling leg = 5mm)

Fig.2 Solid element FE model

(c) Pad plate
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Fig.3 Deformed figures near pad plate
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Fig.4 Normal stress in all panel model (LC-L, ox)

25
2
15 l{ ﬁ
1 = ! -y
05 -+ SM-5(UPPER)
e SM-6(UPPER)
0 + -2~ SM~T(UPPER)
o SM-8(UPPER)
-05
-200 -150 -100 -50 0 50 100 150 200
(a) Deck stress (Upper) x (mm)
25 - SM-5(LOWER)
--o-- SM-6(LOWER)
a 2 a-- SM=T(LOWER)
E --o- SM-8(LOWER)
B 15
S
3 1 L :lg-g-0-0 tneo.5-0
~ A
g B o~
2 05
s
=
> 0
-05
-200 -150 -100  -50 0 50 100 150 200

(b) Deck stress (Lower) x (mm)

Fig.5 Normal stress in all longl. model (LC-L, ox)
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(b) Longl. model

Fig.6 Upper surface stress of deck plate (LC-X, Sec.
XX, ox)
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Fig.7 Example of stress distribution at plate section
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Fig. 8 Comparision of surface stress estimated by plate
bending theory with actual stress (LC-L, 0x)
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Table 2 Estimation of Kw

Maximum stress(LC-L, ox)
Modef name FEM Estimated
Peak stress structual Kw
concentrated

SM-1 1.82 1.46 1.25
SM-2 2.00 1.58 1.26
SM-3 2.01 1.57 1.28
SM-4 2.14 1.76 1.22
SM-5 1.89 1.49 1.27
SM-6 212 1.59 1.33
SM-7 212 1.58 1.34
SM-8 253 1.95 1.30
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(a) Deformed figure k) Sw (c) 8¢

Fig. 10 Characteristics of deformation of welding bead
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Fig.11 Plate element FEM model
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spot

— Rz X BB HETORERESTRBERT - 05D
EOHIZEERTLEI ABBEYITHLENOTH D,

COHERRT 3201, EBROISHE» S L
THEE — P X 2 B HERERILL T [Ry AR
v NS OBERDBBFERE LD, Ky PAKRY b
D EERCBOTEHIT 2 Z CidWEETH L, £ 2
T, WL — RO T, pOBEE - PIck 30l
EHRS 2 TEX DR TEATOROTH S B TDIET]
BEFWT, "y FARY b TOBENRITIOHZRD %
oLz ORy b ARy MEHERESMREESRTE
726

A TRAROFIERICE S INETERESNTE
Feikw P AR MEHEBRICOWTEEL, KW TR
ETLEBEEC LS E Y P ARy MEITEREEL

I TR MRA RS OE N RHE D wIciRE S N
Fig. 4 CRTRDZ DD FHEEBRE R E Lz, —DH
X SR 202 Bk r —BIEITh % 2 SAMRET, BEiE
25 0.5¢ BEU1.5¢t (LB BENREILT ZERR
SR, IEEEMEORZRD, ks y PARY b
ISHETBHETH D, ZDHEE [0.5¢4 1.5t DIEN
WIEEES - FOBERIELALEEEINZVDT, ZOfU
BB SN TH Y, BENETIEIOSMIEE
BTH D] ELIRFLEITLLDTH S, O—2E
C oY BEEEE LTEHEL T b —HRFET, 0.3
B TOIE 2Ry PARY VBB T 5 0.3
Thob, CHOD0.3¢8kF [Fy ARy MEEIRDZ
B e — PRI & 2B HETORENB L Xk wiEEE
R & DESERIB O TRETZ] LwIFEZHTDH
v, [ZOEEMEBEIX0.3tDMETHY, ZTOMEDR
HSSiE, SR202 BiEW X 2Ky b ARy MRTIZIEE
—BT DT, Ky FAKRY MEHEEBNICKD D
NTEL| LT3,

L Led s, WEFNbEESCIE EEE—FIK& s
Bt b MEEnERIh] 250 GRS
T 558, ARSI L Tid #F ORBEVRRLE, 3720
BB ThH B, 2 HAMEEIZ LS, —HARKEC LS, S

- SM-5(LC-L,Sec.XX)

N il 2 fEsk U 1 8B 0 2RI & 2 O ki o
REYERE TS 0BRSS, BENRTORRIGH & 1LmE
TORENERICHOBREZE L W EMBFIIL T, XU
DTFORBEENEYTH L T2 5, L LRBRF LIE
EHY 2HETOHEORBRFRIE L WV I L3 — AN IZEEN
ENTWAEVL, MFEZROD 2 FIZDWTORGICEI N
THRDIT> TWwa,

RS0 EEEE— FOBEIL, 2 mAM BRI 0.5 41
&, —EAEETIR0.3 B THKBL TWw 3,

1RER 2 ¢ BSERIERG T OSHITEEY — ¥ OEE TR
HHETH 3,
S SEETIREG D EBHBBIEE > TRD, £ 2
T, KETIE, 7, EHIZOWLTHBRL, RZEHT

SRUZ shell EF ARG &Y N XKy NEH ORI

EEE2BEIC L ZEHERHEL, #ELLEBEERORY
HEREET 5,

5.1 H#EEE— NCX BHERIPHEHET DMEICDOWL

T

D solid & FNVENTEER DK I0 5 3.3HTRL
To HEL CREEIETIG S 208 L, FEIREEREFIT
HIFIE—BT A A8, Hlb, BEC— Ptk 2% H
DR T AREERE L TR 0F 2D LRU (ERE
HPHE 2% X L), fE% Fig. 15 0RT, AT B0
AR EITEY — A T b KRR & Lz,

Average

SM-B(LC-L,S00.XX
SM-7(LG-ZSec.YY)
SM-7(LC-Z,Sec.XX)
SM-7(LC-Y.Sec.YY)
SM-7(.G-X Sec.XX)
SM-7(LC-L.Soc.XX)
SM-6(L0-Z.Sec.YY) [T
SM-6(LC-Z.Sec.XX) ; : :
SM-6(L0-Y.8a0Y) [T ” S
SM-6(LC-XSec.XX) [T 2

SM-6(LC-LSec.XX)
SM-5(LC-Z,Sec.YY) BB ¥y
SM-5(LC-Z,Sec.XX) S
SM-5(LC-Y,Sec.YY) |[HES
SM-5(LC-X,Sec.XX)

Notes

x :Distance from welding bead
t :Deck plate thickness

SM-4(LC-L.Sec.XX) [
SM-3(LC-Z.Sec.YY.
SM-3(LC-Z.Sec.XX;
SM-3(LC-Y,Sec.YY.
SM-3(LG-X,Sec.XX)
SM~3(LC-L.Sec.XX]
SM-2(LC-Z,Sec.YY) E
SM-2(L.C-Z,Sec.XX) [Z

Stress component
Sec.XX:ox
Sec.YY:oy

At reference point x
Actual stress
=1.02 x Structual stress

SM-2(LG~Y.Sec.YY) wm,mﬁ
SM-2(LC~X,Sec.XX) /’«M@m-sm«mm
SM-2(L.C-L.Sec.XX) wmmam:mmsmm
SM-1(LC-ZSec.YY) ’ - ; ;
SM-1(LG-ZSec.XX)

SM~1(LC-Y.Sec.YY)

SM-1(LC~X.Sec.XX)

SM-1(LC-L,Sec.XX)

x/t

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

Fig.15 Nearest location from welding toe where stress
concentration due to welding bead distin-
guishes

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

Ky N ARy MBI O W To—EE 279

ZDFERRD Z LA I E RS T2,

® SM-1&5 OTEHHTEIE /Sy R 71— b 23E LI
EIDH, FOMHBEAIEIZ0.3~0.4 t BETH 313,
oHBERNTODEBRD L, FEALEN
0.47~0.55 ¢t BEOFFHSREME L &0, 2&0F
¥1130.48 t x0T,

o ft-> T, RHIFEONHR L T 2E TS B RIET
2 0.3t B TCIREELS - NOBESHS MIIE- T
BY, TOEEICDWTR{THES OIREIXER Y 314
Vg

®e—7, SR202 B2 #EHT28E51X0.5¢4, 1.5¢D
I EEET 585, 0.5t BRETAZE-F X 3h
NEFREZZIZWENIEIOALRDEEZTR
W,

5.2 REEHEIZL BKy PARY MoHoRE

INETORENZLD, SR202 BER0.3tERED
Ry PARY MEOEEFEREHENCHEE TR NI LA
SR oz, Bl EHMEAHETIEEFCEHREN YO
BERLZ 1B D Dh RIS 5,

4 Ei TR U 7z shell € 7 VALF R ICE D W T solid ® 7
W EREUHEE CHRIRE # 3 BEEE b3 w45 12 EE
DI shell ® FVEER L, £FEY — A2V TO
RN EE2HEBE L 72, (J272L, Z @ shell ® 7 Vi Fig.
IITRULIEBERDEERL D, BELHEEOERES
mm EREL LT OBERETS®BanbB) #
DFEROD shell € TNV DESI534E, VY Vv RET VOIS
SHERWT, TRETRARRXOEREZE, SR202 B,
0.3tHICELBHRY PARY MEIHZ WK Y h ARy
NEWRIG S 2RO THBE L 7z, FEM BT ROERIH
P SEBEONEDIETI2RD 5Dk Lagrange @ 3 KL
A&k olz, ROLEFERY PARY MNEIZRDDDT
H5,

(a) Structural Peak stress by Solid M. ; solid &5
SRS 5RO - H, KX TRET 2 EERIC
5Ky FARY VS

(b) SR202 B by Solid M. ; solid & ¥ D EE S50
PHRDIZ SR202 BEDOR Y v ARy MEH

(c) 0.3t by Solid M.; solid EFNDEBIIHHH» 5
KDz 0.3 tEDHRY ARy MES

(d) Structural Peak stress by Plate M. ; shell € 7
JES RO I, AWML TRET 2Ky b AKXy S
(ZDIE/% 100% £ U THIDIE I EZ B IR L T 3)
(e) SR202 B by Plate M.; shell & F VG2 53R
72 SR 202 BIEDKR Y M ARy Mg
(f) 0.3tby Plate M.; shell EF VB 63KD7- 0.3
FtHEDRY P ARy MNEH

(YUY FETFVOIGIERA»SE1EHOIEH E L
TRONTWEHDOEREMITCHE L DERFEHAL T

W3,)
BEHLEZNZNRORY PAKRY MsheEXGT 3

shell E 7V TOD x=0ED ¥ — 75 (L&), A

L, KX THRET SRy PRy MEHTHRL CEHE

L, ZOH#R% Fig. 16 KRT, (KEhsiZV Vv F=e

TV TROLABLTRET Ry FAR Y MNEh 25#

B U THATARETREIEDBEHEr — AP R wDTE

DE3iwcliz)

Fig. 16 WD W T(2)DIEHEZED R Y N ARy MNEH

EEZTHERETHLUTOHMREES,

solid EF VTR )G (a), (b), (c) L,

@ (a)DJES7iE shell € F VD E FNALDKEEH 100%
Th37%61E, £@TI0%DTA4 > Fcray bashn
HRELDTH 5, LIcHo> T I DT shell T Fv
LOBEZFEL T35,

@ MHFRHAS XS IZETFMEOBEIZEZS TR,
BEAEDEE(Q)DIESIZ100%%2 FHE>TE D
(shell E 7 VAE DI L7 3), shell € F VDS
BIRHTFHIC B TR D L 525, 72758y
F 7V — b MBS 1T shell 75 0% BREED
DELR>TB D ETMMEFHEERBIRT 20BN D 2
Do (WY YETFNDLC-ZDAHY V) v FEFIN

m  (a)Structural Peak stress by Solid M. °
X (c)0.3t stress by Solid M.
-%-- (£)0.3t stress by Plate M

(b)SR202 B by Solid M.
—o0— (e)SR202 B by Plate M.

5
o
g 100% % - R ] i
E  we¥ e N g [ ¥g = =
S g0% Reof R
o ) N
5 \{ \\J
3 x x
5 60% s
=
[
8
S 40%
g Lc-L LG-X LC-Y LG-Z
5 <> &S
o 20%
2
g model name” D##~P” : #fi=deck plate thickness, ~P : with pad plate
T 0% : : :
E88ttis88trisegiirieggse
A aa 5 a3 288 588
(a) Panel model model name
3
£ 140% x
3 ]
©
& 120% s
%5 [: ]
@ X
§ 100% 5 8
% R ¥ Mg
g Ve TE :
3 60% 2 °
$ o ¥y
B 0% x
o
] b
e [ Lo-L Lo-X Lc-Y Loz
PSS
‘s model name” D##-P” : ##i=deck plate thickness, —P : with pad plate
0% : : -
E§§i§i§§§iii§§§i‘ii‘§§§i§i
z 8 8 588 z 88 58 8
(b) Longl. model model name
Fig.16 Comparision of hot spot stresses calculated by

different method

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

280

HAERYSmXE #1855

S5YTREE { oo TV B, D7 — AL TEFIEO
T IS DA DS/ S V> 5 O TEER E I EERC i
Hri3zolhnwThsdd)
(b)D SR 202 BEDBHIIEED R Y P ARy Meh
WL TEAKINY FTE>ZIGHEEZ52TEY, B
WA DIREN 72 0 FEREIOFHE & 7% 2 L 2L
Twb,
(c)? 0.3t BL=OERFEREE — Pk 20 hERRS
BEATWSI-H(b)DSR202 Bik & D FH10%
BEAIWS, BEOKRy bAXy MEATL DA GHE
INGH & 72 o T B, T bbb FaaHli Tl aRE o
i TR Al Bl Tl A
shell E F VTR B (e), ()L,
@D shell EF A TREBEHBEY — N 2L 30 NEFRS &
AT W 0.3 e SR202 BEHEOEIF/NS S
B 2UBETH S,
SR 202 BIEDIEE(e) TRENEWIZE LKL X5
B H 27— AMRSNBH, ZHFEIAISE
BerukowThD, WESBEVEEOHT PHEEE
y/t TR EE S HER DR L R A HEH IS
2, #O—W% Fig. 17 2R ¥, 2 d SR202 Bk
DEAERTEITH %,
®@ LC-X, LC-YT /Sy F7Vrv— 2B
SR202 Bk FIRBER0%B/NIWHEEZTRL T
B Zib NS DEERSSA CARA ARSI
25HDTHY, EESMOREDERS 2R L T
%,

Fig. 16 & BWT SR 202 Bk, 0.3tikDELEARE
BIELOERTRLTWS EWIFEER, BMUBETLHE
AR LD ORBR LD LS BEELH,
Ry ARy MNEH RIS R —FARE L THEE Y
2FEEEAVBIED, *ORENERSH T H LD R
SAETHNINARHEE R E 3R 0 BR» I L35,

R, SRS TS OB ERIS IR T O
MR SESETH Y, % FENTRES 21EKD
Ay FARY METEREIRANCEATERWI L
DEAS e otz, Ln LRI CHRE L /- BRI kiR
B OBENETENREERD TS 2 IR0
T, BWERRZENE(L L LT B abNT,

10 ——L-A-D10-P40

2 os [ —a—L-A-D20-P40

YR B —&—L-A-D30-P40

g \

E 04 S ~o

2 Ny N -
\3 02 R —23

£ o0

0 1 2 3 4 5

x/t

Fig. 17 Example of structual stress (LC-X)
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