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AN EXPERIMENTAL STUDY ON THE BUCKLING OF |
CIRCULAR WELDED TUBES

BY Minoru WAKABAYASHI, Taijiro NONAKA
AND Kazumase NISHIKAWA

Synopsis

An experimental study is made of the buckling phenomena of a circular welded tube of high
strength steel. Main emphasis is on the effect of residual stresses and plastic working in the pro-
duction process, on the buckling strength. A test specimen has a cross-seetion of 101.64 x 2.9.
Some specimens are annealed and others as-delivered. It is found that the magnitude of re-
sidual stresses goes up to 709, of the yield point stress, and a considerable gradient is observed in
the residual stresses in the radial direction across the thickness. Experimental results agree well
with the theory which takes account of the effect of both residual stresses and plastic working.
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T30, BAEHETIOERIEIEZREL 28t (Ll Annealed & %53 3) &, R—DH T8k
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Table 1 Dimensions of Specimens

Series Specimen. No. (mLm) (rr?m) (mtm) (cﬁx‘-’) (cr{r‘) (mzm)
110A 3940.0 101.78 2.859 8.885 108.79 34.99

110B 3840.3 101.80 2.874 8.932 109.38 34.00

100A 3491,0 101.58 2.808 8.713 106.40 34.94

100B 3491.0 101.98 2,750 8.573 105.58 35.09

90A 3142.0 101.74 2.873 8.924 109.18 34.98

90B 3142.1 101.85 2.787 8.674 106.39 35.02

C 80A 2792.8 101.90 2.789 8.684 106.73 35.06
80B 2793.0 101.70 2.806 8.719 106.61 34.97

70 24438 101.83 2.800 8.711 106.86 35.02

60 2095.4 101.75 2890 8.977 109.77 35.00

50 1745.9 101.76 2.851 8.858 108.34 34.97

40 1396.3 101.75 2.837 8.819 107.91 34.98

20 698.0 101.88 2.870 8.927 109.47 35.02

100A 34415 101.85 2.831 8.897 107.97 35.02

A 80A 2792.8 101.70 2.817 8.751 106.96 34.96
60A 2095.0 101.81 2.821 8.773 107.49 35.00

40A 1396.0 101.85 2.859 8.891 109.02 35.02

110 3840.0 101.88 2.840 8.836 108.42 35.03

100 3491.2 101.89 2.762 8.601 105.65 35.05

90 3141.8 101.84 2.820 8.678 107.59 35.21

80 2792.8 101.90 2.810 8.748 107.43 35.05

E 70 2443.7 101.83 2.818 8.766 107.56 35.03
60 2095.0 101.84 2.784 8.664 106.37 35.04

50 1746.3 101.84 2,763 8.606 105.67 35.04

40 1396.5 101.80 2.900 9.011 110.24 3498

20 698.4 101.40 2.920 9.035 109.60 34.83

BBFIRARICK 585813, Fig. 3 IKRT, Table 1 ZMEEREOK Y ) — XD& 4 OWiFEHEREE
b7,
1.3 EBEEER (SEEWER)
1.8.1 % B ¥ ¥
REEH EBHENTIOMEBIC L 2H LB —BRRLB 5 -OREHE LA DTH D, R As.
Delivered #f, Annealed & &—kd" > (Fig. 1 @ SPH) VKL L 72, REREHE I3 350 mm
EL, THR7—H100 b v EERBEEFHOTNAZTE - 720 XHERBR, RO bed HAIEE
A, head A &V IRIRIEAR D 2UF, —HiHEE, MM CY L1058 XS ICED . MIEERBAT R
iz Wire Strain Gauge (Plig W.S.G. E859) A T HIA 4 SUCBSFL, SSkE/NEED 1/1000mm @
Dial Gauge (Ll#% D.G. Ligd) ZhRiF A 4 A, ZOKES 200mm K55 X HiIcE DO3TH
78 - 720 Photo 1 IC%DERIEE %R,
1.3.2 % B #% B®
MEEDHpTOKH—EBRFRE, Fig. 4§ OEBRERICL - TR bEh 3, BHENHMBTHEIC—HIC
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Photo 1 General View of Stub-Column Test
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Fig. 4 Apparent Stress-Strain Relation from Stub-Column Test
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N3, EiL AsDelivered #f, Sftid Annealed AR5, MFHOMEMICIIREBERIFDON D,
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ZORBEHRIHACNDOHN0%ETIELED, 2R LOBIIHL TR, 275 »aiEE B0 T
VE->TWV3. TOBEE, AT OHBIRIEIE o, 35 1.51t/cm? L &N %,

1.4 BBLHMNEEER

1.4.1 % B EF &

Pk, BEIBHEEI MO STV B, FEREADEE & EERCTE & AR s, BIETRXHIC
LB REAFB LY, MOBUMSNWEELINAT 2 HEMH D, % Tk Layer-Removal Method,
Deflection Method, Local-Strain Method DM HFENSH 5. L LBIFIIME O RHEBDIRE
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EFRETBICEEED, —RICHEDERRE L, ZOHAKORBICE 2 BHEHERET 2 BAICILE
BREOX > B HESEABEN 3,

CCTRMEHHICEET 2 BREBHICH L THO—BEND#EL, Z0BF0RKEL KRBT, BHIG
HAEBESIICHERT 5 &0 S5 BRITHEIC X > TREETS - o

REKiL, Fig. 1 ICRTHBED 4 KD As-Delivered #4&, 2A&D Annealed %\, Fig. 2 (&
BNy FHE) OXSIKRR U, BEIES OB ER HEOHBHRICH - TREEHSZT—EOBET

AHLTVBEELLNBEH—T b bREVEE (1C, 114, 13A #) TRHE»OHEIIKAR-TImh
ICA-IfE, SEPOHHE (3C, 4C,6C #) TIRZDHRF—2BATITE - 120 ABRH ARG Table 2
IRT
Table 2 Specimens
Longtudinal Number of
Specimen-Number SpcI::?:iT ;ﬁbe l(l_'?:xltgt:a d lézt:::;c‘t!) Longitudinal Annealing
(mm) (mm) Cutting
1C-100 4188.8 100.0 8 No
1C-50 4188.8 50.0 16 No
3C-30 1396.0 30.0 16 No
4C-30 1746.3 30.0 16 No
6C-30 2094.6 30.0 16 No
11A-30 34915 30.0 16 Yes
13A-30 2793.0 30.0 16 Yes

1.4.2 £ B K #

EERHIMIC KD, MEICERICRDD UINZITE -2k, B5hNERMREE S oI MERRICH
PLEFLT, @EFETOFMCEMIZTE ). ChoRD B XTEMINEICE Y 2BIREE, Ik
LIz WSG. ik DElEL, MBHFROREEHERET 2.

ERICBE L COUB AL IHFB L URIER, 2¥0L5TH5, Fig. § i3 WSG oMMHE (Bl
KEE) 2Fbd. REOMEREEEREZRT,

8 10§ 8
Fig. 5 Sep-up Point of W.S.G.
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AFRICUY (FE®RYO) 2750, F—RIBOEMEEZTE S, 2¥REIRFTMEZHBYLUIFLTE2
B ORHEZRITT 5. MU D YNET %, ABUTEACHGT 2AEREAIC WSG. 2L, Rk
ORSBHBEEITI - 1-th, EMUKETRO, BYEZHEKL, £0E%E2 WSG. THA L %,

1.4.3 £ B # B
VIEo#fer o Ro - EBRERE Fig. § 75 Fig. 10 iKRd. &« OEERO ST IO RIKE
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Fig. 6 Reductive Characteristic of Residual Stresses
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—1A-30

(a) In Circumferential Cutting (b) In Longitudinal Cutting

Fig. 10 Released Strains of Annealed Specimens
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HRRE, BES (1) OEBEBLU20MBA (9) OEBTRRDOIIRBKEEZE LTV S, TOMM
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X107% TH 5o

—HEmukEoMEON, AHORKERR, Fig.8 KRIh3 L5 T, EHREIAED WSG. »ho,
EBRIATEO WSG. poRIELALLDTH 3. MRIIAATOBBE S RO IBFNRBEDOHSITH
%, Fig. § i3 Fig. 8 pOoRAEFMOMIFEAEMAB LD TH 2, EMUIHEOERIR, (1) OF
# (9) OEFTHEAM (=1200x10-%) ZRL, ZOxKA (5), (13) OEEHTH/IME (=600x10-5)
DEEEZRL, HEHmicEL, RESKASRMTERIENFET LV OIOREDKREEEL TV S,

METIEET 2REEEL, RN, EMUONSORKECTMSKRED, TOEFF1200~1500X
10°°Th 3, 2L TCORBEEEBR YV /I RBERELTHEELI b OPANET 2RAHITEFL S
%% bhb, As-Delivered Hicd 2o ELKOERIR, (1), (9) ZHESEICOVTR, MHFIH%
T55, (5), (13) ZHEIEICHL TR, POUHEERLVZ S,

Fig. 10 {¥Annealed i+ 2 EHRETH 5. (2) FWITD LIKH (b) 1ZGU W Be BIKER AR
T3, AsDelivered M it LOFhDOBAS ZOAHEHEII/NE L, BXAME 200x10-¢ BET, 4K
REBEDBEMERI L,

1.5 B B % B

1.5.1 % B & &

ChITOEBERTE S LBER, dHLLRMBENTIC X 2 0oBAEIROZENL, H50VIRAE
THAREBBOBABNSMOARZELRTE LT, BERA, EEBHICRISTEEE, FdBIURLE
WO _HOREERETE D C itk DRET 5.

HAKIE Fig. 1 TRLUEZSDOERALY, ZOWEMRIE Table 1 [GREN TV %, RWLFHIE Fig. 11
a7 S

1.5.2 m H ¥ B

MART 425 —% 100t BERHEBRB TV, RO bed, X0 head #Picld Fig. 12 TRt
HERBRELE EDDiF e Ry 7OWEHERES2 ) » AT, HdEHAEY 74280 D »5 (b) KA
D, () #EBLT (0) PoREMEY Kb EB, 2D (b) OIHMEICE > TN (d) REIIKEL
T, (2) LOMICHOBESR SN, BAB10° ETHHICEETS 2 €V RIEE 15, REOEEHRL
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L, WS.G 2t BLUOhRPOZHM4H, F12EIKGEMF L TESHZRIEL /-, Fig. 13 £ D.G,
WS.G. ofllE, MNMEART .

¥z, 12bBHEFA DG THET A7 Fig. 14 KRIABORERERBREKICE DD, CO
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D, LARZTNULEDOEELRTHICHL TR, BOAMEEMLEICH 5m @il hitt7vy
v bEREZ DY ThbdsEREL /2.
1.5.4 E£ % K &

KBEERD 28T, T FHIMRFEITE - THH OBRIE 0 EiE O£ S SR ICRB A B A —B T
BE91ICT %,

FRETOFZARER, FTEAMHOWBREREL Ui, 2ORKWEE TR L 2K, MdduBict D237
4D DG DEMNILBZNL/NELBBLD, g4k T, thko WS.G ORlEED 4 S 5~ E
LM BEIKMHERZHEI S ETHEST 5, COREEL DEL, BRNICGRO7-HDAHELL, EIF0
KELL I -7, hihAEEZETT5, ROBRFHOBAKE, Lok chiEd%2iTE % FED
RLEXZUHEREBESE 5,

AWFFORICE, THEMDE TEBBMICRM YD, ZHEMICENT, b d B X CESIENLET
%, Photo 2 [CEERIIEIZ/RT
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£
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Photo 2 General View of Buchling Test.

1.5.5 £ & %

Series A, Series C D& JERZ, P—0 (WE—EK) BXU P—e (WE—E) TcRbLLLDE
Fig. 15 TR T

i) Series C OEHZ, RAWEDOHNBIBREDWE,LS y HIIKED Y, BAWEKREIKEDA
T A LFzo —J Series A Tld, WNFHEDOM GEHIKES  ThUROMTFERRIZEAEEL, E
mEkicaciEs,

ii) Fig. 16 { Series A, Series C QLMD EIE I AERT o HFERE 2HIELE KD T, Series C D
Biay, 21=90, 1=60 M AR\ TIX, ¥y MEHB ICRALHHANICELZEL TV S, ¥y 0 EOKHE,
ADQHINEBEIEZ KL 1RO, RIERKTH S,
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Table 3 Result of Buclcling Test

(1) Series C
Slenderness Ratio 20 40 50 60 70 804 80B
Phax @ 39.3 348 29.7 26.7 22.3 188 194
0., (kg/mm?) 4402 | 3046 | 2353 | 2974 | 2560 | 2165 | 22.15
Ocr/0y 0.950 0.852 0.724 0.642 0.553 0.467 0.480
A 19.93 39.91 49.92 59.92 69.78 79.66 79.87
\/gy/ge 0.298 0.597 0.746 0.896 1.043 1.191 1.194
Slenderness Ratio 904 90B 1004 1008 1104 110B
Pryax @ 17.0 18.0 15.2 145 13.0 135
o., (kg/mm?2) 19.05 20.75 17.44 16.91 14.63 15.11
0../0y 0.411 0.448 0.377 0.365 0.316 0.326
2 89.83 89.72 99.90 99.48 109.74 109.34
\/gy/ge 1.343 1.341 1.498 1.487 1.641 1.641
(2) Series 4
Slenderness Ratio ‘ 40 60 80 100
Prmax O 413 336 27.4 196
6., (kg/mm?) 46.45 38.30 31.31 22.26
6.,/0y 1.006 0.841 0.678 0.482
2 39.87 50.85 79.88 99.71
Va,/e, 0.594 0.893 1191 1.487
(3) Series E
Slenderness | o, 40 50 60 70 80 9 | 100 | 110
Tatio
Pmax (8] 2545 | 2030 | 1755 | 1505 | 1320 | 1170 | 1045 | 890 | 820
o.,(kg/mm?) | 2817 | 2253 | 20.39 | 17.37 | 15.06 | 1338 | 12.04 | 10.35 | 9.28
G.r/0y 0.608 0.486 0.440 0.375 0.325 ‘ 0.289 0.260 0.223 0.205
2 20.05 39.92 49.84 59.79 69.76 | 79.69 89.23 99.61 |109.61
\/gy/ae 0.300 0.497 0.745 0.894 1.043 ' 1.191 1.334 1.489 1.640

iii) RPEEEBEIRIL, Series C TR 20MICBBRENI /T TH 545, Series A TiIHiR A0,
SO I N TR A BB ENTo 60BHIZTHIIE, OMB THETE - 120
1B EBEERIZ, Fig. 17 & Table 3 KR,

2. ®

2.1 & X 8 %

L

HETRONBRMABTOEAMERE, BRELRIOSMHR, K&&H5, 20 3 A2 FRICRITET

720, FEREEOEEBEO BRI RS S,
i) BEGOMRBEMZHIC ¢ 2 BAAREPENEICERL T IFEREE HBETRE S,

Ao EAR
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B4, 2oMBEEERICH L Tangent Modulus Theory %\, HFIBELI LR Level £ T
BREREIE DIN414 DRERRES . ELBLEREOEAR, Jezek OERMSHFFE SO “HARM
&icaid 3 Kloppel’s Formula” 1Tk %,

i) RESAOEEDHY, BEBMACKETHORZLRTFTHEEEL, TTERT—4—Do0h
NE =y R T 5, DX IC OB/ 2 — v &b ERERETId, Tangent Modulus Theory,
ROEME T, Jeiek Theory Z#MHT 52 &ic kD, BEMRZEZRET 2.

i) MOATLETFE LTERARDCNAL, S5, HHBENTOREBLERT 3, T4b5, BEE
NPHBFHC—BEHEBERETOOLRET 5 &, ERFEEOBRBRIERG, 1.3) tHohi Stub-
Column Test DJEA—EBRICL > TROENB, T TLORI—ERRICEITOTHRITEITEY, K
BRfEE DR ATTIZ S0

2.2 BISOEBANOER

2.2.1 B E MK
—MHELZBREET O NN, HOBEMEREXRDTEY (o) 2A03 L,

g"=7_’:TEf(1-) .............................. (1)
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Fig. 19 Stress and Strain Distribution in Case 1
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Fig. 30 Stress and Strain Distribution in Case 2
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