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Foreword 

This translation has been made based on the original Japanese Industrial 
Standard revised by the Minister of Economy, Trade and Industry, 
through deliberations at the Japanese Industrial Standards Committee 
as the result of proposal for revision of Japanese Industrial Standard 
submitted by Japan Society of Corrosion Engineering (JSCE)/Japanese 
Standard Association (JSA) with the draft being attached, based on the 
provision of Article 12 Clause 1 of the Industrial Standardization Law 
applicable to the case of revision by the provision of Article 14. 

Consequently, JIS G 0511 : 2006 is replaced with this Standard. 

This JIS document is protected by the Copyright Law. 

Attention is drawn to the possibility that some parts of this Standard 
may conflict with patent rights, applications for a patent after opening to 
the public or utility model rights. The relevant Minister and the Japanese 
Industrial Standards Committee are not responsible for identifying any of 
such patent rights, applications for a patent after opening to the public or 
utility model rights. 

(ii) 
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JAPANESE INDUSTRIAL STANDARD JIS G 0511 : 2014 

Introduction 

Stress corrosion cracking testing of 
metals and alloys using reverse U -bend 

test method 

This Japanese Industrial Standard has been prepared based on the first edition of 
ISO 7539-10 published in 2013 with some modifications of the technical contents. 

The portions given sidelines or dotted underlines are the matters in which the con­
tents of the corresponding International Standard have been modified. A list of modi­
fications with the explanations is given in Annex JC. Matters contained in Annex JA 
and Annex JB are unique contents of JIS that are not given in the corresponding In­
ternational Standard. 

1 Scope 

This Standard specifies the methods of evaluating susceptibility .m~inJYJ)f.E~_~Rg~~_d 
,~UQy-_a.ndJ~~jj)JA$g_Q. __ ~U~n: __ Qrg1J~t~nitiG __ m~t~rigl~ to stress corrosion cracking ,in __ th~_gn~ 
y.i:rQ))'}1~~:rrL9rhjghJ_~_l).).-p.~x_~.:tl-!r~ __ ~nQ.Jligh_'px_~~~_·~~!J:.~ __ w_~t~r using reverse U -bend (hereaf­
ter abbreviated as "RUB") specimens. 

NOTE: The International Standard corresponding to this Standard and the sym­
bol of degree of correspondence are as follows. 

ISO 7539-10 : 2013 Corrosion of metals and alloys - Stress corrosion 
testing-Part 10: Reverse U-bend method (MOD) 

In addition, symbols which denote the degree of correspondence in the 
contents between the relevant International Standards and JIS are IDT 
(identical), MOD (modified), and NEQ (not equivalent) according to 
ISO/lEe Guide 21 -1. 

WARNING Persons carrying out tests based on this Standard should be familiar 
with normal laboratory practice. This Standard does not purport to 
address all of the safety problems, if any, associated with its use. It 
is the responsibility of the user of this Standard to establish appro­
priate safety and health practices. 

2 Normative references 

The following standards contain prOVISIons which, through reference in this text, 
constitute provisions of this Standard. The most recent editions of the standards (in­
cluding amendments) listed below shall be applied. 

JIS R 6251 Abrasive cloths 

JIS R 6252 Abrasive papers 

JIS R 6253 Waterproof abrasive papers 
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JIS Z 2241 Metallic materials- Tenslle testing- Method of test at room tem­
perature 

3 Terms and definitions 

For the purpose of this Standard, the following terms and definitions apply. 

3.1 ~t~~~fiU~Qr..:rQ~i~Ht ~r..~<;ki:ng 

m_~t~l __ Gr..~&~irrK_th~_t_Q~~JXr.~ __ ~1}d __ c;l_~'yglQ'p_~ __ <j"Q~_t9._~ __ $.i_m"Qlt~rr~9."Q~_~f~~_Gt __ Qf._th_~ __ <;Qr..:r_Q_~iQD-. 
~nY.iXQnm_~nt_fJnd.tbg_~t.~ti_G_t_~n$.il~ __ $_tr.~_~~ 

H_Qft.~n_$_~Y~K~1y-_d~t.~KiQr..~t~~_t.bgl9_~<j_R~~r.irrg_~h~r..~~_t~:r_i$jj~$ __ Qf_th_~_}J).g_t~l._~tX1l_Gt_v.:r_~_~: 

3.2 test environment 

~it.h~:r __ ~ __ ~~r.y.i~g __ ~ny:ir.Qnm~rrt.,-_Qr._~n.g1}yir9_1}m~rrt._I?K9.<j"Q~~_<j_in_th~ __ 1~bQr..9,tQKY-1_t9._Yf.hi_Gh 
t_h~_$'p_~_<;jJ»g_1}_i~_~~p9.$_~_Q.. 

Wh~th~K_th~_t_~_$t._~rryjKQrrm_~nt_.i_~ __ m~int~in~~l_<;Qn.~t_~1}t._9X __ y.9-Xi~5i __ <j~_p.~nd~_Qn __ th~_.px~~. 
YiQ1l_~ _ ~gK~~m~rrt.._ 

3.3 start of test 

time when the specimen is exposed to the test environment 

3.4 ~r_~J~k_de_t~c_tiQn.tim~ 

I?~r..iQd_frQm_.tbg_$_t9,rt __ Qf_9,_t~$_t_t.9 __ t.bg_t.i_m~ __ Yf.h~n._~_~:r_9-_Gk_~_~<;~~ding_~_hmit._y~lJJ.gj~_d~~. 
t_~_Gt_~ b.l~ 

4 Principle 

The RUB test is a particularly severe test for assessing susceptibility to stress corro­
sion cracking. The test is intended primarily for application to metals with high corro­
sion resistance, such as Ni-based alloys, with the advantage compared to methods such 
as the conventional U-bend test of having significantly less stress relaxation. It is used 
primarily as a screening test for tubes obtained from piping or heat transfer tubes, 
plate, bar and other products including welded materials. It may also be used as an 
acceptance test for performance in service subject to agreement between the purchaser 
and the supplier. 

The principle of the test is to introduce very severe stresses in a high corrosion re­
sistance metal, with minimum relaxation, in order to enhance the likelihood of induc­
ing stress corrosion cracking. 

The test consists of exposing to the test corroding solution a piece of metal of semi­
circular section bent back on itself (i.e. reversed bent) along its longitudinal axis into a 
U-shape and held in a manner which ensures that there are initial tensile stresses in 
excess of the yield strength over a large proportion of the inner surface. The test is ac­
celerated by the presence of complex bi -axial stresses that mayor may not exist in ser­
vice. In the act of forming specimens, varying amounts of cold work may be introduced 
and this deformation may influence the stress corrosion cracking tendency as com-
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The test is normally performed in the laboratory by exposing the specimens to simu­
lated service conditions. A further objective of the test is to compare and evaluate the 
influence of different material parameters. 

The principal advantages of the test are its simplicity and its ability to provide rapid 
screening: if conventional U -bend or C-ring specimens are used for screening tests in 
high temperature solution as 573 K {3_QQ_~_C} or higher, marked stress relaxation occurs 
and a long testing time is needed for the evaluation. However, the stress relaxation in 
RUB specimens is smaller than that in conventional U-bend and C-ring specimens, due 
to the bi-axial stresses in RUB specimens. Therefore, screening tests can be done 
within a relatively short time through the use of RUB specimens. 

A disadvantage is that the stress state is complicated and is difficult to quantify with 
accuracy. If an accurate stress state is desired an alternative method should be used. 

Wide variations in test results may be obtained for a given metal and environment 
even when testing nominally identical specimens and the replication of tests is fre­
quently necessary. 

If specimens are prepared from tubing of different dimensions or are subjected to dif­
ferent stressing procedures test results may be even more variable. 

5 Specimens 

5.1 General 

RUB specimens are prepared from pieces of production piping, heat transfer tubes, 
and other hollow cylindrical products cut into half longitudinally or from plate, bar or 
other products formed into a semicircular shape along the axial direction, by forming 
them into a U-shape by reverse bending. 

SR~~_im~rr_i~_~1-!t __ QJ},t_:Qy __ ~a.w_~1-!ttin.g_Qx_th~_lik~_whi~h_h~Ic;llY-_!!f(E?_Gt)? __ th~_m_~_t~:6_?ol_m.J_~t 
itY, __ ~_nd_th~rr __ ~h~a.x~d_tQ __ th~ __ int~n(;lg_<i_:~'l~E?_Gj.XlJ.E?_n_~h!!I?~!_J~}.J.XI$ __ Q)),_tJ)g_$5,c;l~ __ ~_~rJ~~_E?_~ __ ~hJ~.U 
hE? __ rE?)n9Y~E?_<i, __ ~n(l_thE? __ ~_~rJ~~_E?_~_p_Qli~_h~c;l_wj.th __ ~_1)x~_~iy~ __ dQthB.._B..R~~jJi~d __ i_n_JlS_l~ __ 6..2~1_Qr 
,?ohr_~_$iy~_-p.~R~r_$ __ $ll_~~ifiE?_<i_in_JJS_R_62_Q2 __ 9X __ JJSJ~~_62Qg __ $_~G~~~_$jYE;JY_tQ __ gr~j_n_~i~~_E()_QQ 

whil~_t~l~inK~!!r~_JQ_!!YQi~lth~_tgJ)')-p'~XJ~.t1-!r~_xj_$~_Qfth~_B..R~~j_m~rr! 

5.2 Preparation of RUB specimen 

5..._2!1 ____ T~b_e_~_~!J.t.J).lJtf:rQm_.P-ip_ing-Qr-b~~t-tr;:an~(~;r:_tlll>.~e 

For tubes cut out from piping or heat transfer tubes, since their inner surface con­
stitutes the test surface, the original surface finish of the tube should be retained with 
no surface treatment performed, unless there is a special test purpose. Final heat 
treatment, if heat treatment is to be given, shall be performed before bending (and 

pre-straining if this is adopted). rX~I?a.x~tiQn_9.[J~JJB __ $llg~imgn$_JrQm __ t}.J.hE;_~j_~_~hQwnjn 
Ann~~_A __ ~_nd __ A-n1)g~_B~ __ rh~_JYI?_~~ __ QJ_J~1-LB __ $llg~imgn$ __ ~_h~1l_R~_J~'{Q_. __ ;L __ $ll_E;_Gimgn,-_NQ! __ 2 
$ll_E;_Gimgn_~rrg_NQ!_;? __ ~I?~~im~n, __ ~_$ __ ~I?~dfj._~~lj_n_Ann~x_JA~ 
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A variety of bar stock, plate and other forged or rolled material or welded material 
can be employed. These materials shall be machined into a plate strip after final heat 
treatment and pressed into a semicircular shape by using forming jigs. _1.-:l1~ __ ~}Jxf~J~~_Qf 
tl~~_fi~t_-p.l~tE; __ whi~h_5~$ __ ~y~)}t~A~Uy __ tR_n_~_Jbg __ <;11-Xyg~ljD-nE;X_J?}Jxf~_G~ __ tQ_n~ __ t~~_t~d __ ~bJ1U_J)g 
I?Qlj_$bg(1_wit_h __ ~_9x_~_~iy~ __ <;lQ_th~ __ ~I?_~~ifj_E;Jl_in_JJS_J~ __ 62Ql __ 9x __ ~Rr~$5~Y~ __ I?f1-pgX~ __ ~R~~jfi~~l_in 
JJS_J~ __ 62Q2_Dx __ JJS_R_f?_2J;>_a_~V~<;_E;_~~i~~ly __ tR_gx~in_~i~~_E6..QQ_pg£QX~ __ Qgi)}g_£QXmgJJ: into a 
half tube. Preparation of RUB specimen from a plate is shown in Annex A and Annex 
B. Th~ __ typg_~ __ Qf __ EJJJ~ __ $-p'~_GiJ))_EJ))&_~hgn_n~ __ NQ. __ J __ ~R~<;_im~n, __ N9_· ___ "*-_~R~<;_i_m~n __ ~nd __ N9_. ___ Q 

~p~~_im~D-,_f1-_~_~R~~_ifi~d_in_-Ann~x_JA._ 

When testing welds, consideration shall be given to the orientation of the weld rela­
tive to the longitudinal axis of the specimen and this shall be noted in the report. Tests 
may be conducted on the weld metal itself or on sections containing the weld metal and 
heat-affected zone. 

Q!_:t ___ R~Y:~X~H~_U~b~~_(li:ng_p:r:Q~_~~~ 
Reverse bending shall be performed tn_Qnt.~iD-_~ __ ~m_Qnt_hJJ~~h~p_E; __ \1:$_iX~K~_~R~<;_i~lJm~::m~ 

ingjiK_($_E;g_fig1-J-X~$ __ -A._l_~n(J_B_._l)_tQ __ ~_r~SgX~~_J)~pgnd_r~di}J_~_-<RE!-I~2_f1-gX~~d_R~tw_E;~nJbg 
I?11-x~hf1-_~~r_~D-5i __ thEJ __ $JJRRljgx! __ ~Qr __ hgJf_t1JQ~_RVJ? __ ~R~_<;j_m~n~_(J:-{Q~ __ l_~p~~_im~D-~), __ h~lf-_:rQ5i 
(~}Jp_P9xt.inKt9_Qn_Qfg}J_~tg1)iti_G __ ~t_~_inl~~$ __ $J&EJl_$h~ltn~_}J_~~!Jt.Q_Rrgygnt_t11~Jl.~JHlin-K_Qf_tbg 
J)~p_E;nd __ tQR_.p_~r_t~ __ Q_1)_~h~ __ Q_th~r_h~nd, __ fRr __ RJJJ? ___ ~p.~~im~D-~ __ w_ith_g __ g~1-J-g~ __ $_E;s;;tiQn_lnQn~, 
I?X~~~tx~in-gJl_Qr __ PTE;_-_$~r~_in~g __ ~I?~~im~n~_)J-)_~<;hiD-~d __ tQ_n~ __ in_f1-S;;~Qx~l~n<;~ __ w_i_th __ 11B __ t~n~ilE; 
~p~~_im~D-__ $'p_~_Gi~i~d __ in __ JJS_Z __ 224J __ (N_Q_. __ 2 __ tQ __ NQ~_)5 __ ~p~~_im~D-~)L-_n~n(;ling __ $h~U __ Q~_P_EJX~, 
fQxm~g __ dirg_GtlY:_wit_hQvt_~D-y __ $}J'p-p'9x~iD-K_tRQ1~ __ rh~_pX~~$_ing_~n<;l __ Qf_th~_fQxm_ingjjg§h~n 
b_~YE; __ ~_~_Qn<;_~yg __ G}JXygtTIrg_m~t_Gb_i_ng_th~t_Qf_thEJ __ 9_1Jt~r_gi_~_m~_t~r_Qfth~_t\1:Q~_,-_~n(1_thg_XQn 
whj_Ghx~s;;~i~~~ __ thEJ __ RrEJ_$~in-Kjig __ ~b_~ll_h_~YE; __ ~_~Q_1)~~X_~TIry~t}Jx~_m_~_t~hin-KJb_~_t_Qf_tbg_jn~, 
nE;x_5ij_~_m~t~r_Rf_th~_t.VR~:_RJ)B.._~_R~<;j_m~n~ __ ~_h~U_Q~ __ ~RI?liEJ_d_~~_f~x_f1-_~_x~~~r_~~_1L-_9g_1)gin-g 
gQ~~_n9_t __ <;_~_\1:$g __ g~D-~r~ti_Qn_Qf_~r_~_d~~ __ 9_n __ tQR_-p.~rt __ 9f __ th~ __ Q~nd! __ SI?~~im_~n~ __ with_s;;r~<;k$ 
~hf1-n_Q~ __ di~<;_~xg~g_wi_thQ1-J-t.J~~iD-K~1-J-llPli~d_fQr_tbg __ t~$_t: 

Wh~n __ t~~ting_RJJB.. __ ~p.~~im~D-~ __ w_ith_g __ g~Vg~ __ $g~tj_Qn_-<N_Q_. __ 2 __ tQ __ NQ. ___ Q __ ~R~<;_im~n~1 (in 
which the stresses generated during reverse bending are lower because of reduced 
strain), pre-straining can be used to achieve the desired stress level (Nn~ __ a __ QX __ N9_. ___ Q, 

~p~~_im~D-~) . 

Preparation of half tube RUB specimens (NR~ __ L_~llgs;;im_~n$} is shown in Annex A. 
Preparation of RUB specimens with a gauge section {NQ. ___ 2 ___ tR __ N9_. ___ 9 ___ $p_E;S;;imgn$} is 
shown in Annex B. 

When stressing specimens with loading bolt and nut after forming, care shall be 
taken to ensure that the _gg(1g<;~iRD-j$_X~_$~9X~g __ Q~Y9_ng __ thgt._f1-t._th~_~n<;l __ QLtb_E;_JRrmiD-g 
Qp.~r~ti_Qn._ rrbg_£ingl_f9Xm __ Qf_EJJB_~p.~dm~D-_~ight.~_n~d_with_lR~ding_Q9lt_~nd_D-}J_t_~h~U_Qg 
~v~h_Jh~_t_Jbg __ di~t~_n~g __ R~tW~~D-__ thEJ __ ~p~~_im~D-__ l~g~ __ -<I) __ ~_t_Jh~ __ lQ~gjng_p_Qlt __ ~nd __ n1-J-~_j_$, 
gnn}J_t_I_J))_m_J~~~_th~n_tw_i<;_~ __ th~_X~y~X~~_J)~pgndX~_di1-J-~_(-8I~Jl!3)_~~_~hRwn_jnJjg11-X~_J_. __ rbg 
fi_n~l __ tight~nin-K_~_h~U_Q~_2 __ mm __ ~t __ th~ __ m~xim_\1:m: __ QY~XlQ~d~d_J~1-r6 __ ~I?~dm~n~ __ $h~ll_pg 
gj_~~~rd~_d_~D-g_1Q_Q_~~njn-g_9f_thEJ __ Q_QH_gnd_nvtJRr_x~gQ.i\1:$_tm~D-~_$l~~ltnQ_t_R~_R~rfRr_m~_d~ 
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Unit: mm 

Before tightening After tightening Before tightening After tightening 

R6 

a) No.1 specimen b) No.2 to No.5 specimen 

Figure 1 Example of tightening of RUB specimen and 
distance between specimen legs (L) 

L=ll 

Th~_lQ~JJ5)'1g_RQlt_~rr~lnv.tJJ$g_Q._)?h~U_h~YE; __ ~J~Qg=R~~k~!lQx_h~mj)?I>J)g)~iG~l_W_~_i?bgr.:: The 
bolting material should have a similar or lower coefficient of thermal expansion to that 

of the RUB specimen. In addition, the use of double nuts to reduce the likelihood of 
loosening of the bolts is recommended. 

~rr __ ~ __ rg_Q._v..~ing __ Qx __ $_Q_di1!m __ by-Q.xQxi_Q.g __ ~~L'JgQ}J_i? __ B_Ql1!tiQ)}_g1}YirQnm~rrt_, __ w~_~bgxB ___ QI_th~ 
,i?_~_m~ __ m~t~xi_~_~_~B __ th~t __ QI_tbg_J~PJ~ __ ~R~~im~D-__ m~Y-_R~_~$_~JJ-, __ 9..1!tjrr~!Jl~_tiD-K_W_~$h~x __ m~d~ 
Qf_QxiJJ_~jjy~b:~tr_E;J~-_t~d_?;iX~~UQY- __ ~h~ll_nQ_t_k>g_J1Bgd_in_~ __ i?QQiv..m_bydrQ~j_d~ __ ~g}J~Q}J_~ __ i?QhJ._~ 
tiQn_glJyir_Qnm~nt. ___ Qn __ tbg __ Qtl1~r __ h~n~L __ i1} __ ~n __ Q~igiz;jng __ higb_-_t~mpgx~t_v..rg __ ~nd __ high~ 
p.rg_~~1!r~ ___ w_~t~r __ ~D-yiXQD-Xl)_~_1}t-, __ th~ __ EJJJ~ __ ~p.~~_im~rr~ __ $hQ_v.lg __ R~ __ tjKht~lJg_Q. __ wj_th __ lQ~JJj_1}g 
k>_Qlt~_~nd_rr}JtB __ in_GQmk>j_1}~tj_Qn_with_Q~ig~ti~~JY-=tx~~t~_d_~irG~UQyjrr~!Jl~_tiD-K_W_~_$bgr;~_fQx 
E;nh~nGilJ-g_th~_in$llJ~tj_Qn_g1!~lj_tY-: 

6 Test procedure 

Th~ _ tE;_~ t_ -p.r_Q~~d !JX~ _B_h~ll pg __ ~_~ _ IQUQ_W_i?: 

~} __ N~xnh~:r __ 9..f~p~~im~P-J? A series of specimens shall be prepared to enable multiple 
testing under the same conditions. In order to chart the development of damage 
with time, examine the presence of cracks on specimens after different exposure 

periods. It can be useful to test a sufficient number of identical specimens for sta­
tistical evaluation at each exposure time. 

k>2 ___ r:r~p_~x~ti~u~_9fJllJll_~p_~~im._~_lJ:.~ ____ Th~_RUB __ B-p'~_Gj_m~_nB __ ~h~UJ"!~_g~gX~_~$g_Q. __ with_~~~_~ 
,tQ!1-~_QX_Qth~x_lig!JiQ. __ ~rrg_xi1}$_~JJ __ w_itb_jQn=~x~h~D-K~ __ w_~_t~r __ Qx_gth~nQl_~rrg __ d1;jg_Q._-p.r_iQx 
,tQ __ t~BJi)).g. __ Th~Y- __ $h~U __ 9..~_h9:ndl~JJ __ with __ G~x~_th~rE;_~Jt~X __ i?Q __ ~B __ tQ __ R~ __ fr~_E; __ fr;Qm __ grrY 
,GQlJ-tgmjn~tiQn._ 

Specimens shall be examined, after forming, for cracks that may have developed 

before exposure to the test environment. It may also be desirable to prepare addi-
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