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FATIGUE STRENGTH OF CRUCIFORM FILLET WELDED JOINTS WITH
UNDERCUTS

08R5110  Yasuhiro NISHIKAWA

Cruciform welded joints, T type joints, butt joints, and gusset joints are indispensable to steel bridges.
These welded joints sometimes include weld defects such as weld cracks, incomplete weld penetrations,
slag inclusions, blowholes, undercuts, overlaps and so on. It is that the weld defects cause high stress
concentration and decreases fatigue strength significantly. The undercut occurs at weld toe and its shape
is concave. The Japanese specifications for highway bridges specify that “The depth of the undercut
should be 0.5mm or less". In addition, the specifications describe that the items related to fatigue should
refer to "Fatigue Design Recommendations for Steel Highway Bridge". In the Recommendations, the
fatigue strength category for cruciform welded joints with undercuts less than 0.3mm and 0.5mm deep
specified to E and F class. However, the undercut has various shapes, and therefore it may be problem
that the fatigue strength of the joint with undercut is determined by only its depth. Furthermore, the
influence of undercut depth on the fatigue strength has not been made clear sufficiently. In fact, a lot of
researches have been done about the influence of undercut on fatigue strength, and their results indicate
that the influence is remarkable and is not significant.

In this study, shape and size of undercuts including in cruciform welded joints are precisely measured
with the laser displacement sensor, and the aspect of the undercut configuration is clarified. Afterwards,
the influence of the undercut on fatigue strength is investigated by doing fatigue tests on cruciform
welded joints with various undercuts and without undercuts. The influence of undercut shape and size
on stress concentration is also discussed by three dimensional finite element stress analyses on joint

models with actual shape and size of undercut.
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(N/mm?) (N/mm2) U
410 550 26
£ 2 8k 53 (%)
C Si Mn P S Cu
0.16 0.22 1.46 0.014 0.004 0.01
Ni Cr Mo % Seqf
0.01 0.02 0.01 0.05 0.42
#* 3.2 WHELM
BRED KFE
BEDAY MX-Z200(JIS Z 3313 YFW-C50DM) 1.2mm
ARARE C0O2 100% 251/ min
KR | ER B BEREE ARE
# (A) REN) (sec) (cm/min) (KJ/em)
1 250 33 15 40 12.4
#£ 3.3 WEMEOMBMMEE & LFE RS
Bt E
B X = BlaREE .
(N/mm?) (N/mm2) Ut
463 555 29
£ B 53 (%)
C Si | Mn P S Cu
0.04 | 0.53 | 1.65 | 0.007 | 0.009 | 0.02
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F 3.4 WP E AR
* AR 81 B R 1 0 4R 4R B
HER IR fit & (A 2K (mm) (mm)
FHE | RERE | THIE | BERE
ToF—hyriEL 324 6.75 0.44 8.52 0.49
T —hubHY 648 6.78 0.50 7.97 0.72
FhRAIE RS E 1< 0 A 4B R 3R 5 4%
HERIK (mm) (mm) 77 IR
EHE | FERE | FOE | BERE | THE | BERE
ToE—hyrigEL 1.50 0.23 0.53 0.14 114.29 3.02
ToF—=hvkHY 1.50 0.32 0.55 0.17 115.90 3.31
£ 35 TUH =Ty FHE
AEBRE | _ E&d O w HEEFE RSL
5= R (mm) (mm) (mm) (mm)
FU 1.9 3.4 0.2 12
1 BD 1.3 2 1.0 10.2
2 FU 1.4 5.1 2.0 8.4
FU 1.1 2.6 0.2 8
’ BD 1.0 2.3 0.6 8.2
FU 0.5 2.6 2.1 11.2
) FD 1.5 3.9 1.3 14
FU 1.7 4.1 1.2 11.4
° BD 1.2 5.4 2.3 7.2
FU 0.7 4.2 1.8 5.8
° BD 1.2 3.8 1.1 5.4
FU 1.3 2.5 0.9 4.8
! BD 1.2 3.0 0.7 7.9
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#3565 7T —D vy bHiE (DD X)

HERK | FEE E&d FOME W HEFEO REL
= i (mm) (mm) (mm) (mm)
FU 1.3 3.6 0.9 7.4
° BD 0.6 3.2 2.6 8.6
FU 1.4 4.4 1.4 7.4
? BD 1.2 4.2 2.1 6.6
FU 2 5.1 1.7 6.2
10 FU 0.6 5.0 3.5 7.9
BD 1.7 3.4 0.7 6.3
FD 1.4 4.8 2.1 6.9
11 BU 1.5 5.1 2.6 8
BD 1.8 4.5 2.1 8.3
FU 1.7 3.4 0.5 8
12 FU 0.9 2.0 0.7 4
BD 1.4 4.2 2.1 5.8
FD 1.3 4.1 1.7 5.6
13 BU 0.7 4.8 4.3 54
BD 1 4.7 4.1 6.6
FU 0.9 6.0 1.7 6
14
BD 1.8 4.0 0.7 6.4
FU 1.3 4.4 1.8 6.5
15 BU 0.8 3.6 1.4 13.9
BD 0.6 5.8 1.5 13.5
FU 1.0 2.4 0.2 8.5
16
BD 0.9 2.3 0.6 10.8
FU 1.3 4 1.0 5.4
17
BD 1.4 3.9 0.6 5.2
FU 1.4 4.9 0.6 6.3
18 BU 0.7 2.4 2.5 12
BD 0.9 3.3 2.9 14.5
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TUE—HF v ML

T =y FHY
FHE 3.1 HABREKGTE
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1BD
BH 3.2 TyH—hv O
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2FU
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8FU
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36



8BD

9FU
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L 3.2 7
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9BD

10FU
BH 32 TUyE—hyv N EBEEQ
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11FD
BH 3.2 TUyH—hv FEBEEW
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11BU

11BD
BH 3.2 TryH—hyv N EBEEEQ
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12FU

12BD
BH 32 TUyE—hyv NI EBEED
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13FD

13BU
BH 32 TUyvE—hyv NIEBEEO
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14FU
BH 32 TUyH—hyv N EBEEW
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14BD

15FU
BH 32 TUyE—hyv NEBEEG
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15BD
BH 3.2 TryH—hv NNEEEW®
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16FU

16BD
BH 32 TUyH—hyv N EBEEW
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17BD
BH 32 TUyH&—hyv N EBEEW®
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18FU

18BU
BH 32 TUyH—hyv N EBEEO
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18BD
BH 3.2 ToHA—Nyv FBEE®

HH 3.3 WHEXER
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HBH 3.4 W
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M|

&
AN
1
“-f

4.1 RBRFE

T =Ny POFEPETREICRETERELZFADLLDIC, 7o ¥4 =Ty M
BT LRBKET =Dy haeGER0WHABREOE TR AT oo, 7B,
EHJRE /) 500k N O B KM E— AR H A KRB BB IE & 2 v Tl gl s fif | T
TAiTolc, MV IKELUMEIL, TRMEZ 10kN (8.3N/mm2) & L7, ERAFEITIESD
FiPH 2 125N/mm2~250N/mm? & 722 K 5 IZRE Lo, e WIETBIXERME, ##0IRL
WX, 8~156Hz & L7z, WK T AREE I 0 Ik LAY 1000 HEICEL -
LEllE, T2 TRBREKT L, #BRAEORBREMHF L2 £ 4.1 10, RBREE SRR
T2l REEZTR 4.1125R7,

PR AT DRTIICHTEDIC IR A L D LD ICMEBENHEHA TETWDH 0, AR
KORBEFMEBLOLEAICAT VAL WEIBMT SN TOVDEINERHRDLDICOT H
WEZITST2, AMDOOTHT —Y (F—Y K bmm) # M 4.1 O TAEICH D 1T
oo OFTHPMEICBWTITFRME (10kN) TOFHZ 0 &L, FHmERLE LR
MEROOTAZME L, MBREDOELTHESNIZOTHIZ 10 N—F > FUE
DENWNEC LA ITRBREORBRE~OMV ST Z2HETWY, XNTUANRRLIRD
FCHRBAOIY 1T A2V IRL T,

W RHEHOFAELERMER AL H TS NHPEEZ 200N/mm2 & L TE—F <
— 7R B EIT o, MBREEIIT X — Iy FEGERVWREBRIEN 2K, T4 —h
vy T LIRBUEN AKTHD, RBREMEEZR 421077, v —F~—27RRIT L
[RAELZ —E L LIEEET, TEOHRV IR LEIHM I LICHEFEBAL LR IE TITo 72,
B, MEZEET 280K LEHRITBERRIKE T ¥ =y bE2FT 2RBIED
T 10 slEE L,

4.2 HBRER

4.2.1 EFAHRORKE - EEMER
BERBRIKOWEHFmE WML EZ R 4.3 1077, E—F~—7 R REIT--HABRKE
DRI FFMITNL, IS Z LI OIS # 0 R LT E O TV, % 57 3R
IV ELNTHERBREDIS HFEIH Ao LR Fam N OB EZ K 4.2 1277, HMAi2ix
A E = (JSSC) o yaxatfa st (JSSCHEE) B LU, HAREKB= O T
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EEAE O GTREIHRE ISR SN TV LR MEFEH C~F Oixit Ao— N BEFEH R L
TW5, 2k, BhEREOR TR CEImMBEFRCERN - FREMRF LT, 7
YH—=H ey MEIDN 0.3mm LLFOHA E. Ty X —Hy MEIN 0.3mm & I %,
0.5mm LA F & L7z FEMRERELTCVD, TV =Ty NOFEIZE LT, =
ITHRLNET —FEF TR THBREERELZ+FICHEZLTWDS,

ToE =Ty bERTLIRBREKET X =Ty baEERVWRABREKTT — 2 HIiC
MIHLLODO, WHRBROMENL, TUX—Fy FOFEIZ XD PETREICKE
REFTRDLNLRV, 2RO TF — X ZR/NZFEZRMP L TR HFm NI 20
T Ao DEIREMEZRD L L UTOXBHELND,

y=-0.2197 +3.582

y=-0.338y+4.285

INHLOXNG 200 HEVEFREZRD DL E, T X =0y e fT HRBRIKT
159.5N/mm2, 7 % =7 v FDORVHEBRAET 1440 N/mm2 TH 5, ZHD X I, 10
NtV MREETIEZLLINT ¥ =Ny b AT R BREO T PIEITREN 2o
TWo, ZOZENLLT X =y OFENEFREICKETERBIT NI NES
z 5,

X 4.3 13BN EFRBERON, 7o =Dy bE2AETIIRRBRKICOWT, £
DRBAECTENLIRBENT X —F vy POFES 1.0mm~1.4mm & 1.5mm~
2.0mm IZ X > TCv—27%2E2 T Ac—NBBEFKETRL TS, MPOERIT, 74—
71 b DI WERERR D JE J7 A N ISR T 500 D HH Ao DEIFEMR TH 5, BRNT ~
=Ry baBFORBREOFBENT X =Ty b & ELRBIIRICH R WE bR
HOHNDLNR, FOEITHI N, 44T FHBEES L Ro0T2T =Ty FPOES
0.9mm~1.5mm & 1.6mm~2.0mmZ k> T, v— 7 2 &2 CHEFRARBERERLE
HbDOThHD, MPIZT o Z =y bORVEBREOKRIIGZENAL TRV, 7o ¥ —
By "B ERMNEALTHNDHOEF, 0.9mm~1.5mm O T 4 £, 1.6mm~
2.0mm OFEFH T 3K ThHoT, T ¥ =y FE2ALTWTH —REN LI AN
AECTERBEIIRBIZRE, S K Thotz, ZOENLLT VX —H v b DIFIER
REDWETREICKRETEBRIDRNWEE A D, £, WHBRECHT L7 X —7
Yy NREDEWICLDIEEBLBEO LN, TUF—Iy DL EANEEL TWVD
RBAEICIE. 0.8mm U TOT =y PR EFENTVDLIHEDHLZNRENTOT
=y FPLERFEELTVWDLILDORMFHE LRI, 441X, T =Ty b
RBEKICEZENDTXTOT X =Ty O - FE (d3RS, WBHHE, o7
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YA —=Jy MEOMFELE, LES) LBEEESZRLELOTHD, M 4.4 TET
YE=N Yy FMBLEABPBEELTVDLIEDOERLTNDN, Z0HIICIER 44010060
MBEICT v H =Ty NUNANPLEAREAELTVWDILON 4IERFMEL TS,

HHE 4.2, 4.3 (2K L2 BRIK O J7 i 2 R T, RBRIK DR X, TR Tk

W DRAELEETRROERBIZCEIVAELKL, TU =Ty "R VRBREOLAIC
T, BRI 2 52 mm PUCA - BB IO D HF E AN EL TV, T & —
By baRTLRBREDI L, T4 —0y FIbBENEELTVDH DT 3 K,
TUE—=y NET =Ty ORGSO INOBABEELTVDLIHON 4
K, 7o 8=y bORVWEZNODHBHRPBEELTNDLIHEDON 8K TH-TZ, =
DZEPL, Ty —Ay FPFELTSH, EHAROREAE - ERERITT V¥ —h
Y RDRVWERLIBFLEEDRNIEEZRLTNDbDLEEZXLND, AR O
RN BRTLHE. 1 DORBRKICT v & —0y PPIEBEGEEST 2B EGICF, 70 ¥
— Wy PRIV REWVWT PO ERNEAETLAEELREG VR, TOT U F—0 v MR
WEORMERDIGE IV R, FLT Vv E— Ty NOFEDPKTORED BRELZEKT
SELRWITABRNEFT XD,

4.2.2 v—F<v—7&AR

E—F v — s RRAEREE 4.5 (R, ARBRK OB E L, E BT R Ak
BMEEZRORKREZDRWEH, TETREEEZRLTWD, BH 4.4, 4.51(C
F~v— 0 R EIT o B DR T Em 2 "7, T OFE TIdmEHMEE S
FEBICAE L —F~v—27 2 R<ABHT LTS, FERFTO UCIET Vv H—H v
FOMEERLTWD, SRBEMBITIT X —Dy e T L5 BRK2 &3 Tlid@
WRBKFERICT VX — Dy POBFELRVWEZADLEEARBAL TS, 1R
BRIKA LB OBEIZITT U F =y he—KENLEHRDEELTVWDLZ DD,
SHOEREEIZZHDNEDICENAL TR Lo TN RN bR 5,
COXRICT =Ny F2ALTOHWTS —REPLETSHNELLEARKEL S
WFBADIFA - ERERIC, 70X =Dy POFBICIZ2EWVWTITLALERD LN
RN EB Lo T,
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* 4.1 IR O KA
Wr I FE hix 77 i A i B (KN)
AR BRAR A Mg (mm) | AR JE (mm)
(mm?) (N/mm?) TR EBB
1 100.4 12.12 1216.8 125 162.1
2 100.5 12.09 1215.0 200 253.0
3 100.5 12.03 1209.0 200 251.8
4 100.4 12.06 1210.8 200 252.2
5 100.3 12.05 1208.6 200 251.7
6 100.5 12.03 1209.0 160 203.4
7 100.3 12.05 1208.6 160 203.4
8 100.4 12.03 1207.8 250 312.0
TrHE =Ty |9 100.3 12.04 1207.6 250 311.9
by 10 99.7 12.01 1197.4 130 0 165.7
11 100.1 12.25 1226.2 250 316.6
12 99.3 12.56 1247.2 160 209.6
13 100.3 12.07 1210.6 130 167.4
14 100.4 12.02 1206.8 130 166.9
15 100.5 12.03 1209.0 130 167.2
16 100.3 12.03 1206.6 250 311.7
17 100.2 12.04 1206.4 200 251.3
18 100.2 12.02 1204.4 160 202.7
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#£ 4.1 EHRBROKME (H3%)
o B W A Ji~ 7] i firE (kN)
A B R 4 A E (mm) | # = (mm)
(mm?) (N/mm?) TR EBB
1 100.2 12.08 1210.4 250 312.6
2 100.6 12.03 1210.2 250 312.6
3 100.3 12.04 1207.6 200 251.5
. 4 100.4 12.04 1208.8 200 251.8
T =Ty b
5 100.5 12.02 1208.0 160 10 203.3
2L
6 100.5 12.02 1208.0 160 203.3
7 100.4 12.04 1208.8 130 167.1
8 100.3 12.04 1207.6 130 167.0
9 100.1 12.09 1210.2 160 203.6
#F 42 v—F~v—27RBEOLM,
. R g = W i A fir B (kN)
B IK 4 ,
(mm) (mm) (mm?) T R R
10
2 100.5 12.09 1215.0 253.0
131.5
10
i 3 100.5 12.03 1209.0 251.8
VA A 130.9
H 0 10
4 100.4 12.06 1210.8 252.2
131.1
10
5 100.3 12.05 1208.6 251.7
130.9
10
‘ 3 100.3 12.04 1207.6 251.5
T HE—T v b 130.8
r L 10
4 100.4 12.04 1208.8 251.8
130.9
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F 4.3 I RBRRE R
S REPH | O 5
R EBRK 5 il 17 7 1
(N/mm?) (77 [8])
1 125 494.1 FU
2 200 62.7 FD
3 200 64.4 BD
4 200 48.8 FD
5 200 60.0 FU
6 160 190.3 FU
7 160 140.2 FU
8 250 40.8 FU
TUHE—=H vy M| 9 250 38.2 BD
H Y 10 130 387.8 FU
11 250 23.5 BD
12 160 139.7 FU
13 130 1000 Al Wy
14 130 1000 A T
15 130 1000 T 7
16 250 29.5 FD
17 200 87.8 FD.BD
18 160 472.5 FD.BD
1 250 49.3 BD
2 250 44.3 FU
3 200 64.3 BU
4 200 59.2 BU
T U=y B
. 5 160 1000 A T
6 160 126.9 BD
7 130 1000 Al Wy
8 130 1000 A T
9 160 176.0 BU
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Fd44 TUORER =T ATIRBEOT F—H v NI - STEE L SRR EEE S

AERIK| IS N EH | FD g To8—hybtiE| 7o —huk|  —HBE
£2 | (Nmm2)| (mE) |TEE (dW. 0 L) 2 i
FU (19,3402 12)

1 125 | 4941 BD | (1.3.2 1.0, 102) i 5L
2 | 200 | 627 FU | (14.5.1,20,84) 7L FD
3 200 | 644 s (?.61, '2?3(,3'0(.)6? '8% st -
4 200 | 488 = (?i?é,zééé,zféj:ﬁ) P P
5 200 | 600 0 <(11'_72',45'_14, 12_.251 171.;)) i i
6 160 | 190.3 s E?ZZ: §i§1 }:?: g:ii st i
7 160 | 1402 —E5 82 g:g: 8:3: ;1:3; i -
s | 20 | %8 pToessgese] B | M
o o FU | (14,44 14,74 .y FD

BD (12,42, 21, 6.6)
FU (2.0,5.1,1.7, 6.2)
10 130 387.8 FU (0.6, 5.0, 3.5, 7.9) FU L
BD (1.7, 3.4,0.7, 6.3)
FD (1.4,48,21,6.9)
11 250 235 BU (15,5.1, 2.6, 8.0) 5L FD
BD (1.8,45,2.1,8.3)
FU (1.7, 3.4, 0.5, 8.0)
12 160 139.7 FU (0.9, 2.0, 0.7, 4.0) FU L
BD (14,42 21,5.8)
FD (1.3,4.1,1.7,5.6)

13 130 1000 BU (0.7, 4.8, 4.3, 5.4) R BT
BD (1.0,4.7, 4.1, 6.6)
14 130 1000 FU (0.9, 6.0, 1.7, 6.0) S

BD (1.8,4.0,0.7, 6.4
FU (1.3,44,1.8,6.5)

15 130 1000 BU (0.8, 3.6,1.4,13.9) RER T
BD (0.6, 5.8, 1.5, 13.5)
16 250 295 FU (1.0,24,0.2, 85) L FD

BD (0.9,2.3,06, 10.8)
FU (1.3,4.0,1.0,5.4)
BD (14,3.9,06,52)
FU (14,4.9,0.6,6.3)
18 160 472.5 BU (0.7,2.4,25,12.0) EL
BD (0.9,33, 29, 145)

17 200 87.8 BD FD

FD
BD
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£ 45 v—F~— 7 ABRKER

i T E (kN) BYRLE#%
HEK A B B o i
T BB L+ BB (A ME)
10 62.70
2 253.0 FD
131.5 122.70
10 64.38
3 251.8 BD
‘ 130.9 124.38
ToR—hybHY
10 48.77
4 252.2 FD
131.1 88.77
10 60.00
5 251.7 FU
130.9 113.62
10 64.29
3 251.5 BU
130.8 124.29
ToB—hybiL
10 59.17
4 251.8 BU
130.9 109.17

58




;r ——I—— B -DBTIE

00

10 ]

-~

oS

7= VAL E

4.1

59



400

300

200

100

80
70

60
50

40

BhEE Ao (MPa)
S

30

400

300

200

100
90
80

70
60

50
40

BAHEEA o (NImm?)

30

\\ \\ \,
SOON N o7 UH— Ny hEL
\‘\\ \\\ \\\ \‘m 07 > g\‘_jj WV I" EFJ LJ
\\ \
NN\ o ]
\\\ s\\ \\‘ ‘\\ \oo o o>
‘\\ \‘\\ \\ “\\ 63
NN N %o jgsc—c
B s\ \\\ \\ |
I AN
‘\ \\ N\, JSSC—D
- N .
| \‘\ \\ -
[ AN JSSC-E
\\‘
- s JSSC—F
10° 10° 10’
EFFMN (cycles)
X 4.2 JSH&EHEEEFFMmOELR (2D 1)
o7 A —hwy kL
OFEE1.0mm~1.4mm
OFEE1.5mm~2.0mm
O o
%o E Jgsc-c
JSsc-D
I N Js:SC—E
10° 10° 10’
EHFMN (cycles)
X 4.3 I FEEHEE T FHFMmOBEKR (2D 2)

60



BASGEA o (Nmm?)

400

300

N
o
(=)

100

80
70

60
50

40

30

RN T T T T T Ty
_\“\ \‘\ \‘\ O#ERIFRS 0.9mm~1.5mm
. NN Of2AEE 1.6mm~2.0mm
N OF U8 —Hw FA DDA L
i NN 1
AN
NN (o) (o,
\\‘ \\\ s\s\ % o—>
NN JSsc-C
— ‘\\ \\\ _
I \\ N JSSC-D
B . i
JSSC-E
A | A | A |
5 6 7
10 10 10
EHFMN (cycles)
X 4.4 & HFEHEE T FaORBEKR (£0 3)

61



- i

HHE 4.1 5 ABRKR

62



(a) ABRAE 1 Emw

(b) #AB{K 1 Eim
FH 4.2 HEBEWkEm (FoX—hv rHo) O
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(b) BRI 2 ETH
BH 4.2 #ABRAEEEE (7o —hy b)) @
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(a) ABAK 3 L

(b) #ERIKE 3 ETH
BH 4.2 #ABREEEE (7o —FyFdHv) G
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(a) ABRIAK 4 b

(b) #BRIK 4 1L
BH 4.2 #ABREEEE (7o —hyFrdHv) @
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R

(b) #BRIK 5 Em
FH 4.2 HEBEWkEm (7T —hvrH0) G
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(a) ABK 6 L

(b) #BRIK 6 1L
BH 42 ABRAEKMWE (72— ybdHb) ©
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(a) BRI 7 Lo

AR e e e A N s

(b) #BRIA 7 IEMH
GH 4.2 ABREMME (74— vy bHY) @
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(a) #BRIK 8 L

(b) #BRIK 8 1L
BH 42 ABRAEMWE (72— FdHY)
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(a) ABAKE 9 b

(b) #BRIK 9 1L
BH 42 ABRAEMEE (74— ybHb) O
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(a) WBRIK 10 ki

(b) #ER{K 10 Em
BEH 4.2 HBEBWm (7o —h v bHY)
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(a) WERIA 11 L

(b) ERIA 11 IEH
BEH 4.2 #ABREEEE (7o —hy b)) @
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(a) WBRIK 12 ki

(b) #Br{K 12 Em
BE 4.2 HABRAEWEWE (7o —Hy FHD) @
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(a) ABRK 16 Lm

(b) #Br{K 16 Em
FH 4.2 HEBEWkEm (T —h v bH) O
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(a) WBRIK 17 L

(b) #ABRIK 17 LM
GH 4.2 HABREMEE (7T =Ty FHD)
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(a) WBRIK 18 Lim

(b) #BRIK 18 IETH
BH 42 ABRAEKMEE (74— ytbHb) @
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(a) ABAE 1 Emw

(b) BBRIK 1 Em
BH 4.3 HAEBREKMWm (7o =Dy L) O
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(a) ABAK 2 b

(b) #BRIK 2 L
BH 43 ABRAEMWE (74— y bal) @

79



(a) ABAK 3 L

(b) BRI 3 ETH
BH 43 ABRAEMWE (7= y L) @
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(b) #ERIK 4 Eif
B H 4.3 HEBREKMWmH (72— v ML) @
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(a) AKX 6 L
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