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H gh-Strength Bolted Friction Joints and Steel Vat BPFaP80 TARE Bof
5 TECHNI CAL FI ELD Thtstinvention relates to a

hi gh-strength bol ted friction joints and steel material s thereof
whi ch can be appl i ed when the stg&é @%iﬁé%ﬁﬁs are joined in a
bui |l di ng 10 steel structure or otherP%t ctures.

EACFSROUND ART In friction coupling by .a high-strength bolt in a

ui | ding steel struct % a

natural |y occur outdd%% §t£&§% g@%dﬁﬁ# acé§% $$§§ ¢ a%ee%téﬁ%
standard as the fr|ctM@hSSU$l%d%h%¢eQisteel material in the past.

5

TECHNICAL FIELD

This invention relates to a high-strength bolted
friction joints and steel materials thereof which can be
applied when the steel materials are joined in a building

10 steel structure or other steel structures.
BACKGROUND ART
In friction coupling by a high-strength bolt in a
- building steel structure, a rust surface which is allowed
to naturally occur outdoors or a shot blast surface has
15 been the standard as the friction surface of a steel
material in the past.

According to a method of generating the rust,
however, the height of protuberances of concavo-
convexities on the surface on which the rust occurs is

20 about 0.07 mm, for example. Moreover, when variance of

the height and the shape of the protuberances during the
execution is taken into consideration, a sliding
coefficient value greater than 0.45 cannot be employed
for the design of a joint portion. Here, the term
25 "sliding coefficient" means a ratio p of a resistance
force to a fastening force of the high-strength bolt.
According to the shot-blasting method, the height of
the protuberances of the concavo-convexities on the
surface is maximum about 0.07 to 0.10 mm, and this method
30 has been carried out at Rz (DIN) 0.05 to 0.07 mm. When
variance is taken into consideration, it is difficult,
too, to employ a sliding coefficient value greater than
0.45.
Under such circumferences, the design value of the
35 sliding coefficient has been set to a low value p = 0.45
according to the Japan Architecture Society JASS6

standard.



Abcqrding to a nmethod of generating the rust, however, the height of
pr ot uber ances of concavo- convexities on the surface on which the
rust occurs is 20 about 0.07 nm for exanple. Mdreover, when variance
of t he hei ght and the shape of the protuberances during the
execution is taken into consideration, a sliding coefficient value
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following proposals have been made so far. Japanese

10 Unexamined Patent Publication (Kokai) No. 51-52336
proposes a system which applies a specific coating to the
friction surface of a steel material and bonds it by a
high-strength bolt, and Japanese Unexamined Patent
Publication (Kokai) No. 1-266309 proposes a system which

15 applies plasma spraying treatment of ceramics to the
friction surface of the steel material and bonds by a
high-strength bolt. Furthermore, a system which applies
aluminum spraying treatment or zinc-rich coating to the
friction surface of the steel material and bonds by a

20 high-strength bolt has also been proposed.

According to the method described in Japanese
Unexamined Patent Publication (Kokai) No. 51-52336,
however, a specific coating must be applied to the steel
material. Therefore, the process becomes complicated.

25 The method described in Japanese Unexamined Patent
Publication (Kokai) No. 1-266309 requires a new exclusive
installation for aluminum spraying and zinc-rich coating
in the machining process of steel structures and involves
the problem that machining and execution are complicated.

30 Therefore, none of these methods have been employed at
present.

Therefore, the inventors of the present invention
have developed a high-strength bolted friction joints
capable of securing relatively easily a sliding

35 coefficient of at least 0.6 by making the surface
hardness and the surface coarseness on the friction

surface side of one of the steel materials friction-



I N t,he cgse of the rust surface, a coating cannot be applied in
advance to the friction surface portion of the surface of the steel
material so as to attain the rust state, and adhesion of those
materials which hinder the 5 occurrence of- the rust, such as oils, nust
be conpletely renoved. Therefore, nmanagenent of execution quality
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the shapes of the concavo-convexities and their
15 distribution in terms of ten-point mean coarseness Rz
(DIN) are not constant, a variance that cannot be
neglected occurs in some cases in the sliding coefficient
value. As a result, there remains the problem that a
large sliding coefficient value, exceeding 0.85, cannot
20 be obtained.

Recently, the sheet thickness of the steel materials
used has become greater with the increase of the scale of
steel structures and their spans, and the strength of
these steel materials has also been increased. Further,

25 simplification of machining of the joint portion, labor
saving and speed-up of execution is required. Effective
means for satisfying these requirements must be able to
increase the yield strength of the joint portion, and at
the high-strength bolted joints portion, on the other

30 hand, the strength of the high-strength bolt must be
increased to increase the fastening tension, and the
sliding coefficient must also be increased. To satisfy
these requirements, a sliding coefficient of at least
0.9, which is twice the existing reference value, must be

35 secured.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide



30 Therefore, none of these nethods have been enpl oyed at present.
Therefore, the inventors of the present invention have devel oped a

hi gh-strength bolted friction joints capabl e of securing relatively
easily a sliding 35 coefficient of at |ea%t—0.6 by naking the surface
har dness and t he surface coarseness on the friction surface side of
one of the steel materials fricti
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secure a sliding effrcient. of at e ast In a hjgh-stren
bol ted friction fbohrstrepgth feolked IF%S(H'RIM RS sﬂ’?@%’tq”@ ﬁ(&e%so%?BS
Thi's prior ahdVePéé DN ESEEEs t foraaisienjohetsurface by grit bl ast
machining, but the Cqﬂgaggcgg Vexhtéﬁg Of]égg éééé%iégd above, the
present invention provides a high-strength bolted
10 friction joints having the following content as the gist
thereof and steel materials used for the joints.
(1) High-strength bolted friction joints
characterized in that the ratio of the hardness of a
surface layer portion of a friction surface of one of two
15 steel materials constituting one friction joint surface
to hardness of a surface layer portion of a friction
surface of the other of the steel materials is at least
2.5, a depth of the surface layer portion having higher
hardness is at least 0.2 mm, a plurality of protuberances
20 having triangular corrugations or pyramidal shapes are
formed on the surface of the surface layer portion having
higher hardness among the surface layer portions of both
friction surfaces, a height of the protuberances is 0.2
to 1.0 mm, and maximum surface coarseness on the surface
25 of the surface layer portion having smaller hardness is
sufficiently smaller than the height of the
protuberances.
(2) High-strength bolted friction joints of a
plurality of steel materials coupled by high-strength
30 bolts, characterized in that a ratio of the hardness of a
surface layer portion of a friction joint surface of at
least one of steel materials constituting one friction
joint surface to the hardness of a surface layer portion
of a friction joint surface of the other of the steel
35 materials is at least 2.5, a hard layer of the surface
layer portion of the steel material having the hardness
ratio of at least 2.5 is at least 0.2 mm, and a plurality



surface by grit blast are at nost about 0.15 nm Because t he shapes
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materials having the hardness ratio of at least 2.5 is at

least 0.2 mm, a plurality of protuberances having a
height of 0.2 to 1.0 mm are disposed at a part, or the
entire surface, of the surface thereof, and a plurality
15 of protuberances having a height of not greater than
0.1 mm are disposed on the surface layer portion of the
friction joint surface of the steel material having the
hardness ratio of not greater than 2.5.
(4) High-strength bolted friction joints of a
20 plurality of steel materials coupled by high-strength
bolts, characterized in that a range in which a plurality
of protuberances are disposed on the surface of a surface
layer portion of a friction joint surface of at least one
of the steel materials is defined by an area between an
25 inner circle having a radius at least three times the
radius of a shaft portion of said bolt and an outer
circle having a radius not greater than four times the
radius of the shaft portion of said bolt with the axis of
a bolt hole boned for inserting said bolt as the center
30 of both circles, or defined by an area between an inner
and outer polygon, respectively circumscribed in said
inner and outer circles.
(5) Steel materials of a high-strength bolted
friction joints characterized in that a ratio of the
35 hardness of a surface layer portion of a friction surface
of one of two steel materials constituting one friction

joint surface to the hardness of a surface layer portion



-4- . a high-strength bolted joints which can stably secure a
sliding ceefficient value of at least 0.9, makes it possible to
stabilize the quality of the friction joint surface and to sinplify
execution managenent of the 5 friction-jbint surface, and can reduce
the cost of the hi gh-strength bolted friction joints portion as a

whol e, and steel materials for such joints. To acconpl i sh
the object descrPbedl BBbdGbioppgurface of cthftotheenefohhprstpatsmaterials
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ot frictipn surface a_height of the protuberances is 0.2 to
1.0 mm a& maxi n?i%r?%%%ud%gﬁ%%%%Ss on the surface 25 of the surface
| ayer portion having &6hl | @redhrmatessiaks for use in a high-strength

bolted friction joints of a plurality of steel materials
coupled by high-strength bolts, characterized in that a
ratio of the hardness of a surface layer portion of a

15 friction surface of at least one of the steel materials
constituting one friction joint surface to the hardness
of a surface layer portion of the other of the steel
materials is at least 2.5, a hard layer of the surface
layer portion of the steel materials having the hardness

20 ratio of at least 2.5 is at least 0.2 mm thick, and a
plurality of protuberances having a height of 0.2 to
1.0 mm are disposed at a part, or the entire surface, of
the surface of the surface layer portion.

(7) Steel materials for use in a high-strength

25 bolted friction joints surface of a plurality of steel
materials coupled by high-strength bolts, characterized
in that a ratio of the hardness of a surface layer
portion of a friction surface of at least one of the
steel materials constituting one friction joint surface

30 to the hardness of a surface layer portion of the other
of the steel materials is at least 2.5, a plurality of
protuberances having a height of 0.2 to 1.0 mm are
disposed at a part, or the entire surface, of the surface
of the surface layer portion, and a plurality of

35 protuberances having a height of not greater than 0.1 mm
are disposed on the surface layer portion of the friction
joint surface of the other of the steel materials having



sufficiently smaller than the hei ght of the pr ot uber ances.

(2) High-strength bolted friction joints of a plurality of steel
materials coupled by high-strength 30 bol{s, characterized in that a
ratio of the hardness of a surface | ayér portion of a friction joint
surface of at | east one of steel materials constituting one friction
joint surface to,the, hardness_of .a surface layer_p O of a
friction joint sﬁ% agergpeFﬁergﬁﬁgrogfn?ﬁegg?ég ISEEEH nﬁ?érials i s at

| east 2.5, a hard | ay¢B)of High-stréngth bolteflagericpooni pnintst herfacel
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surface
paint or oil coating layer is disposed on the friction

10 surface of one, or both, of the steel materials
constituting one friction joint surface.

In the present invention, the term "high—strength
bolted friction joints" means joints for effecting stress
transmission by utilizing a frictional force (or a

15 sliding resistance force) occurring between the steel
materials when a plurality of steel materials are
fastened by a high-strength bolt. Here, the joints can
be formed concretely between the members for constituting
a structure and a patch, a T-shape steel, an angle steel,

20 etc, playing the role of a coupling.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an example of the shape (triangle) of
protuberances in the present invention.

Fig. 2 shows an example of another shape (pyramid)

25 of thé protuberances in the present invention.

Fig. 3 shows the section of the shape (triangle) of
the protuberances in the present invention.

Fig. 4 shows the section of another shape
(approximate triangle) of the protuberances in the

30 present invention.

Fig. 5 shows the section of the apex of a triangular
protuberance in the present invention.

Fig. 6 is a plan view of the triangular protuberance
in the present invention.

35 Fig. 7 is a plan view showing a square pyramidal
protuberance of the present invention by changing the

direction of the protuberance with respect to a



of the other of the steel materials is at least 2.5, a 10 hard | ayer of

the surfaee | ayer portion of the steel mat eri al s having the hardness
ratio of at least 2.5 is at least 0.2 mm a plurality of

pr ot uberances having a hei ght of 0.t 1.0 mMmare di sposed at a
part, or the entire surface, of the surface thereof, and a plurality
15 of protuberances, having.a hei ght of no reater than 0.1 mmare
di sposed on the E{ﬁﬁéﬁiFW%ﬂﬁwdkﬁﬁ?§§hP t?mﬁOéke' friction joint surface

of the steel materialFiqvihgshdwes a slidiarginssstpisdde fdr ndie grs=tent t han

2. 5. | gh-strength bolted friction joints of a 20
plurality of sté%ég%%ﬁgg?als coupl ed by high-strength bolts,

characterized in thatFigs dhgghaws viie hresyliturad iany experimsintyQn #ber ances

are disposed on {gy féHé%fﬁcfEﬂ%”Jé%ﬁﬁ]a hardfe RAd YhPfa a friction
joint surface of at [|east one of the steel materials is defined by an

area between an EEPtubsrange dgight R/ iBRF WG RTius at | east three tines the
radius of a shaft porgign 1f stiwh hold rAwhlan olutdl experin@ntclon having a

radi us not greater, than four_tines the radi ys t he shaft portiaon of
said bolt with t ‘iﬁ!}% qfetticiont wRing dhe iRsd f‘% 3 E?&‘{]iq‘r?d"%aiatf Bol t
as the center 3(aramteéawth circles, or defined by an area between an inner

and outer ,pol ygon, respectiyve | T cri hed j ai . ' and outer
circles. 18 ?ng)g 'Stlelelslﬁrér’a ertﬁ‘%w?e(%“qgc rﬁ%ﬁisteg‘gﬁé:tlﬁ?eﬁg{] ?) g{i .
friction joints shiating erdeffddienthats ing dihiep sofr fiage IPnditigndedsf of a

surface |layer poitdon ft ifd1l Hadvdthe® $d2A98 hardnes® &3@ YarafetEre&or
materials constituting one friction’ oint surface to the hardness of
a surface |ayer {w tRwpose of explaining the present invention.

Fig. 12 shows an example of the distribution state
15 of a surface pressure between friction surfaces in the
proximity of a bolt hole when the materials are fastened
by a high-strength bolt.
Fig. 13 is a side view (a) of another embodiment of
the present invention and its plan view (b).
20 Fig. 14 is a side view (a) of another embodiment of
the present invention and its plan view (b).
Fig. 15 is an explanatory view of the prior art,
wherein (a) is a side view, and (b) is a plan view.
The shape of the protuberances disposed on the
25 friction surface of the surface layer portion on the side
having greater hardness in the high-strength bolted
friction joints according to the present invention is
triangular corrugation or square pyramidal, and each
example is shown in Figs. 1 and 2. Fig. 1 shows the case
30 where the protuberance 1 has a triangular corrugation
shape, and Fig. 2 shows the case where the protuberance 2
has a pyramidal shape (square pyramid). When the
sectional shape of the protuberance 1 is triangular, the
shape includes not only a perfect triangle shown in
35 Fig. 3, but also includes the case where the slope of the
triangle is inwardly recessed as shown in Fig. 3(a) and

the case where it is outwardly protrusive as shown in



of a friction surface of the other of the steel materials is at |east
2.5, 'the depth of the |ayer having greater har dness of the surface

| ayer portion is at least 0.2 mm a plurality of triangular
corrugation-like or square 5 pyram dal— p? ot uberances are formed on the
surface of the surface layer portion having greater hardness, the

hei ght of the protuberances s 0.2to

surface coarsene€i9of3{hb: suhf kR ‘?}h"‘yeqpﬁj’br‘?% %’%%d“%eranc%%l?grthe
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steel materi I’ICtIOI’lJOInt surface to
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materials is at sgasiar %o &@%ﬂd@ﬁs of 'mhﬁ ARG 1ds triayef flestion
of the steel rraterlals havi ng the ha}{dnes ratio of at least 2.5 is
at least 0.2 mmPRrapl ao\%os}étape e protu Serandd.

In the present invention, a plurality of such

10 protuberances are disposed on the surfaces. Preferably,
these protuberances are disposed in such a fashion that
the triangular corrugations or pyramids having the same
shape and the same height repeatedly continue, or
corrugations or pyramids having somewhat different

15 heights but having similar or approximate shapes
repeatedly continue. These protuberances can be shaped
by cutting, laser machining, knurling, plasma machining,
etc, and a group of protuberances having a constant shape
at each portion are formed on the surface. The

20 protuberances having a constant shape help to reinforce
the bonding condition on the entire surface of the
friction joint surface and to stably secure a high
sliding coefficient.

Fig. 6 shows an example of the state where four bolt

25 holes 4 are bored in a patch 3 as one of the steel
materials and a plurality of protuberances 1 having the
triangular corrugation shape are continuously formed by
cutting in the longitudinal direction of the patch 3.
Fig. 7 shows the arrangement of each kind (A, B, C, D)

30 when the inclination is changed with respect to a force
transmitting direction when the protuberances 2 are
pyramidal. Symbol h represents the height of the
protuberance, and e represents the angle of the
protuberance (included angle of opposed slopes).

35 The difference between the hardness of the surface
layer portion of the friction surface of one of the steel

materials and the hardness of the surface layer portion



plurallty of protuberances having a height of 0.2 to 1.0 mm are

di sposed at a part, or the entire surface, of the surface of the
surface | ayer portion. (7) Steel materials for use in a

hi gh-strength 25 bolted friction jointS'éu%Face of a plurality of steel
mat eri al s coupl ed by high-strength bolts, characterized in that a

ratio of the hard syrface |ayer on,of .a friction
surface of at |ef ttgﬁefSFcFﬁQD surfage.gf ﬁﬁ?egggFg E5R&L Tﬁ%?ﬁbagngnd
friction joint sghbabeight ofta pmerhaiﬁpess ptotubaréaces| dyspopedt bon of

t he ot her t he teel a S of
pr ot uber ances hav;ngsg 808h9¥a%ﬁ %u?faie in%gg éogt§on Hgbyﬁgeghx a
part, or the ent greaserf heednesst heesassactated with the §b%¢aa@ | ayer

portion, ang a phea%ka&xeai 33 thepHQgHbgﬁeaﬁsehhsalegdafbgtemanoﬁomats
greater t han 0. are di spose

on the surface Hé ortlg ﬁf t he
friction JSﬁnfhguPFﬁééanl?ﬁ%“B%ﬂBr ofhereiereel that ERFAPsChal
-7- t he hardness bat bAeObfNohegseaf&tet hape?. portions to the(8)

O g Dohg g e Bk % her YL  8SE to be 80718LEE! 218! Chha! nbO!
height of the protuberances is set to 0.2 to 1.0 mm.

10 In conjunction with this point, the hardness ratio
and the height of the protuberances were changed so as to
examine their relationships with the sliding coefficient.
Fig. 9 shows an example of the experiment. 1In the
experiment shown in Fig. 9, a sliding testpiece (whose

15 dimensions are shown in the drawing) comprising the steel
material (having smaller hardness of the surface layer
portion) 5, the patch (having greater hardness of the
surface layer portion) 6 and the high-strength bolt 7 is
used, the shape of the protuberances disposed on the

20 friction surface of the patch 6 is a triangular
corrugation, the protuberance angle is 90°, and the
protuberance distal end radius is 0. The patch 6 is made
of SCM435 as the steel material. After the protuberances
are formed by cutting, of various hardnesses were

25 prepared by heat-treatments. On the other hand, the
steel material 5 is made of SS400. This steel material 5
is shot blasted, and its Vicker’s hardness was Hv 140 and
its Rz (DIN) was 70. A high-strength bolt 7 of F10TM22
is inserted through the sliding testpiece, and a standard

30 bolt strength (22.6 ton) is applied so as to measure the
sliding coefficient value.

The results are shown in Fig. 9. In other words,
(1) though the sliding coefficient increases with the
increase of the hardness ratio, the tendency of the

35 increase of the sliding coefficient becomes weak when the
hardness ratio exceeds 2.5. (2) The sliding coefficient

increases within the protuberance height ranges of 0.1 mm



of the itens (1) to (7), wherein the angle of a plurality 5 of the

protuberances (included angle between both sl opes opposi ng each
.other) is from60 to 120[err]. (9) High-strength bolted
friction joints according to any of tHRd itens (1) to (8), wherein a
agst-prooglng paint or oil coating layer is disposed on the friction
surface of one, _or both, of the steel matesi al constituting
one friction joi ke QuffHReand 0% to) ‘% pré%%n%e?ﬁﬁiﬁ??On?ntﬁgetern1

"high-strength contrapy}edifthinttion rangé sOf nebespiotubsrénce eliébght ngt
stress tragsm ssion, by uti}]izi .CLLO rce . 215
sliding resistan@ég}gécg)od%%ﬂrr%%g ggtﬁﬁééft%% %?%%%8 g SiP%%t rials when
a plurality of steeffimientadf areleast 0f%stehechaydress ghatie d§tat bolt.

Here, the j0ints)gade 2.5 af@ Eﬁég&?&&%&féﬁ@ém@f&ﬂ\@e@ft@@ 1EADET®. 3 Qfim
constituting a structure and a patch, a T-shape steel, an angle
steel, 20 et c2rP| BgF¥AFSeRL - rol e of a coupling. BRI EF

?FSCRIPrlfN EF THE EFFN%&EEhe expe;ime?F%gdeécﬁtwua airoexanphe vdtideoshape
riangle) o rotuberanges in_t resent_invention.. s i g.
2 shows an exarrp?léeo}ga’é‘&?&?%%rogh e g %’ﬁ?d’}saié%r POk IR hi o%h%lei?%%c%‘g in
Ehe prefent i nveati bsast 2.5 and the gprStuberencdchaight obs of inited hape
triangl e), ,of e, pf ot uber s in r teql nvent

Fig. 4 shdfs the’ 'szec%‘.g'oln'‘I(S)f’¥‘r§|1‘rnotﬁgrc‘?ls‘%%p%£ "Ene f%‘g%p‘%ﬂé%rrﬁée’gtm?}?%%g S of

t he protuberancesardnese Botio @f cthetsunfaer i bayer portions IFg. 5 shows

the section of tifcARS¥ed! £hd dPMMM@ coatfic ARl LRSEANGSL | Thdibadd esent
i nventi on. 1g. 6 1s a plan view of the triangul ar protuberance
much, the upper limit of this ratio may be about 5.

Next, the depth of the layer of the surface layer

15 portion of the friction surface having the large hardness
is limited to at least 0.2 mm. The depth of the layer
hereby means the length measured in the direction of the
height of the protuberance from the apex of the
protuberance as the start point.

20 The experiment was also carried out for the depth of
the hard layer and the result will be explained with
reference to Fig. 10. Fig. 10 represents the case where
the protuberance height is 0.5 mm, and the condition for
this experiment is the same as that of Fig. 9.

25 The following was discovered as a result. (1) The
sliding coefficient drastically increased near the depth
of the hard layer of the surface layer portion of about
0.2 mm, but hardly changes above 0.2 mm. (2) When the
depth of the hard layer was greater than 0.2 mm, a

30 sliding coefficient of at least 0.9 mm could be secured.
(3) It is sufficient if the hardness ratio can be secured
in the layer of at least 0.2 mm from the surface of the
friction surface but not throughout the full thickness of
the steel material. (4) From these facts, the depth of

35 the hard layer of the surface layer portion in the
present invention may be at least 0.2 mm from the
surface. From the aspect of design, the depth of the



in the present invention. 35 Fig. 7 is a plan view show ng a square

pyr ani dal . pr ot uberance of the present invention by changing the
direction of the protuberance with respect to a

transmtting direction of a force. - 12 Fig. 8 shows a sliding
testpiece for the present I nventi on. Fig. 9 shows the
result of an experipment on a slidin ficient using a hardness
ratio and a ha ’b‘i‘oﬁ‘ﬁb%’?dh%%d%et?%kﬁtése ‘ﬁ%‘?é‘r?“e as the protyheragce

shows the resul th@iglatn emrtcsreme afpper llmuslcbﬂltrlga ot memhexsla;gezthe
depth of a hard |a %/ %t%rlal }Paw?nr%‘ltfgr Ogﬁrdnes gﬂ&gg’ltg% the

result of an expér iCclent usin e sur?ace
condition of a full thidiness enaxalbélawmyy smlweklar dness as a paranet er

o he pur posegal, explal A g tdif RESENtor MRSk ub Fi g.
12 shows an exanpl e ?% ihe di ST T butl%&lnP stlgetctg 1% ofﬂa sltrefraacrclaczr asoulr
era

bet ween frlctlcnﬁéﬁﬁ?Q&Q% trpatpent of the protuberance may be pr
carried out by heat-treatment after shaping of the

protuberance. Methods such as vacuum heat-treatment,
carburizing hardening carburizing nitriding hardening,

10 flame hardening, etc, may be suitably selected and
conducted. When the protuberances are shaped by laser
machining or plasma machining, hardening is effected by
quenching of the protuberance with machining. A
hardenable steel such as SCM435 or S45C is used for the

15 steel material having large hardness. A high speed
steel, a wear resisting steel, a composite steel sheet
having a steel having large hardness on only the surface
layer, etc, may also be used.

When the present invention is carried out, the

20 following can be recommended for the protuberances.

(1) Since the sliding coefficient reaches maximum
near the angle of protuberances (included angle between
both opposed slopes) of 90°, the protuberance angle of 60
to 120° is preferred so as to secure the sliding

25 coefficient of at least 0.9. Another reason why this
angle is set to 60 to 120° is as follows. If the angle
is smaller than 60°, precision machining and high skill
become necessary for machining the protuberance and such
an angle is not suitable for mass-production, either. If

30 the angle is greater than 120°, large energy becomes
necessary, and it becomes difficult to speedily machine
the protuberances at a low production cost.

(2) The apex of the protuberance is preferably
pointed as shown in Fig. 5(a). As to the shapes shown in

35 Figs. 5(b) and (c), the flat width W of the protuberance
apex is preferably not greater than the protuberance
height h as to Fig. 5(b), and the distance between the



proximty of a bolt hole when the materials are fastened by a

hi gh-strength bolt. Fig. 13 is a side view (a) of another

enbodi nent of the present invention and its plan view (b). 20

Fig. 14 is a side view (a) of another enmbodildent of t he present
invention and its plan view (b). Fig. 15 is an explanatory Vi ew

of the prior art, wherein (a) a side view,  and
The shape of thePE‘PB’t‘}a%’é"i”é?t%e%l‘Eﬁ’%p%%%Ot}Eﬁt X (e is ffﬁec{% P arﬁpl?ﬂ: e O

th hehsu[facet La)éeth@@rth@np@@tﬁﬂﬂ@rémd@ height havjdwgrgsaadredimardnesse i n t he
i gh-streng olted ction_joaints,accord
i nvention is 11 i S a?f T kY o %tah gguaér %yrpaén%}:gﬂf)&e%ﬁ% SR
exaane S shomgasntéﬂgsg Beand. 2. Fig. 1 shows the case 30 where the
pr ot uberange 1 has a r ﬂgggl SthaRSrard S

; étLberance}ggg Cpﬂte Re & e

the case where the pr pyram dal sha e (s uare
pyram d). When tf@uch as %@qﬁmlpmbf Itﬁe Srigtigse i}

triangul ar, the pecomeshgReatde!witas 1l ﬁﬂjéca:ﬂﬁ’f fatda tof agtgd epyadeid i n
35 Fig. 3, bug also ncludes t he, case re the slope of, the

triangle is i nwat®l 77T eERER EEN YW 1% c?reater thetase
where it is outwai@ly?prthétsﬁidnng;cﬂuﬁﬁnaxent is greater in the kind B

10 than in the kind A and is greater in the kind D than in
the kind C.

In the present invention, the boundary of the range
in which the protuberances are disposed on the surface of
the surface layer portion preferably defined by an area

15 between an inner circle having a radius at least three
times the radius of a shaft portion of said bolt and an
outer circle having a radius not greater than four times
the radius of the shaft portion of said bolt with the
axis of a bolt hole boned for inserting said bolt as the

20 center of both circles, or defined by an area between an
inner and outer polygon, respectively circumscribed in
said inner and outer circles. The surface pressure
between the friction surfaces due to fastening of the
high-strength bolt reaches maximum in the vicinity of the

25 bolt hole and progressively decreases outward from the
axis of the bolt hole as the center. Therefore, even
when protuberances exceeding the boundary described above
are formed, the effect of increasing the sliding
coefficient does not appear. The value of at least three

30 times is set because at least about 90% of the fastening
force of the high-strength bolt within the range smaller
than 3.0 times is distributed as the surface pressure
(kgf/mmz) between the friction surfaces. If the value of
four times is secured, almost all the regions in which

35 the surface pressure acts can be covered. The
protuberances of the high-strength bolted friction joints



-9- . Fig. 3(b). As to the apex of the protuberance 1 of the
triangle,.there are the case where the distal end is poi nted as shown
in Fig. 5(a), the case where the apex is flat as shown in Fig. 5(b)
and the case where the apex 5 has a radildsed portion as shown in Fig.
5(c). Therefore, the term"ttriangle" nmeans the triangles and the
shapes simlar to the triangles. This also holds true of the

pyrami dal shape 8f the BresapEraprention can be effeqbiypelicdisPased:fbn, a

plurality of suchhdéObounBhe{UREERDEESudhCadisRESed REré herF syl f BZ€Shows an

Preferably, t hese protub di d h fashi h
the triangul ar CSF?ﬂﬁiFigﬁst ?e§§$§ﬁ$B§£§%§:% 8 %eotgﬁégcsugfagéaégg%%%g he

sane hei ght repebeedbgncohei imectbon surfacesrugati ons or pyranm ds having

sonmewhat didf ferent 15 i ght's | | | oAt
repeatedly!iontinue. %ﬂeggsbrg%bb@%%nﬁ%é£%%%§%%1é ap%%s@PPB@é ?ﬁcﬁ%%?%géf
| aser machi ni ng, thaushrhgceppressunechetvegn the frigeionnsupfares ven

protuberances hayhB9¢RiERASEENGf SBRPCpatch 18t 18aRM, PARA | OB aFEpfOEEREs ON
the surface. The 2 r ot uber ances aV|ng a_constant shape_hel p t&g a
e he

reinforce the Bﬁﬁgiﬂﬁeﬁoﬁﬁ?tFBﬁc%ﬂe? OEnthe PRTTH ot Hp

fri ;:]E ion joint sgesdceoaadtionstRbdyMBRECUEE Bndegbed as ashiglhrgtrength
coe I Cle

t Fig. 6.sh
bol t 25 1ol esPA ke 2R3 BAS £3 Q%%?@Eagxggy%ék§%ﬁét %f%?%€f¥W§%ﬁ Four
materials and a pRRc6l toy)of Pymwhbabez anepsedentsithe tdkstance efjangul ar

corrugation shapg.arg 88P£iQHQPé'ﬁbEEESFerHius (11 mm), and symbol b
represents the distance of a 4.0 x bolt shaft portion
radius.

15 Next, the surface condition of the steel material
having the small hardness at the surface layer portion as
the mating material of the steel material equipped with
the protuberances will be explained.

The steel material having the small hardness is

20 SS8400, SS600, etc, for example, and this material need
not be as flat as a material having a machining finish
surface. The material may be finished to not greater
than about 70 pm in terms of ten-point mean coarseness Rz
(DIN) by shot blast treatment or sanding treatment, or

25 not greater than about 0.1 mm in terms of the maximum
height of the protuberance. There is the case where the
steel material has a black skin surface as the surface
coarseness without any specific treatment.

Here, the surface condition of the steel material

30 having smaller hardness will be explained more concretely
with reference to Fig. 11.

Fig. 11 shows the slide test using the surface
condition of a soft steel material as a parameter.
In Fig. 11, the slide test of the slide testpiece

35 shown in Fig. 8 was carried out under the following
conditions. The shape of the protuberances disposed on

~ the side of the friction surface of a hard steel material



cuttlng in the longitudinal direction of the patch 3. Fig. 7 shows
t he “arrangenment of each kind (A B, C, D) 30 when the inclination is

changed with respect to a force transmtting direction when the

pr ot uberances 2 are pyram dal . Synbol 4% represents the height of the
pr ot uberance, and e represents the angle of the pr ot uber ance

(i ncluded angl e of opposed sl opes The,  di fference between i
har dness of the ¥@Ffackriangul 5y%9rfﬁﬁ?Fbﬁnofa?% ??|B¥?Bﬂb§ﬁ??5fea59 Bne
of the steel wasNBO®l | afBe anddihe dfrthesdiotal hendusf atkel ayer portlon

- 10 - fric ur f ace  of ee
the height of a BF% gPefano p?%t%beﬁgndggédg%%%gg%aﬁé éhgaé§££ ace of
the surface Iayemapariaanh@v$$@P@kﬂmd had grkaxdneproficds hte. as@b%lated

- with the Skﬂd'ngsu?faceC@@ﬁ&iEiéﬁg Wékér@h@'fﬁ&fﬁ&fﬁ@tglﬁoiéﬁgléa'@ﬁé@n

joints of resent_1nvention her ef or e he I’atIO of

har dness of one b$ t e(%%r?%%%kl%§%ﬁ)pdﬁtf%ﬁﬁ?t?@?ﬁ%)' (m%%Pﬂﬂ%ss of the

other is set to bﬁnﬁéh}ﬁaﬁt(é’aﬁdu@@mt&&tmg) hei gétioofbléet pr ot odbeimppes

is set to 0.2 to 1 0] I
hardness ratio an&aéhlne flnlshn+qu “”C}'OQA“AlthhéEeESLthoi@ of

F10TM22 was inserted through each slide testpiece, and a
10 sliding coefficient was measured by applying a standard
bolt strength (22.6 ton).
The results were as follows.
(1) 1In the soft steel material, a sliding
coefficient of at least 0.9 could be secured irrespective
15 of the conditions of the friction surface, i.e. in any of
the surface coarseness of the black skin, shot blast,
machine finish and sanding, and in the case of the
existence of the coating layer or the coating and the
grease (that is, irrespective of the existence of the
20 coating).
(2) In the steel material having a high hardness,
the sliding coefficient was hardly affected even when a
rust-proofing treatment such as rust-proofing coating was
applied to the friction surface at the stage of
25 machining. Therefore, rust-proofing could be applied.
(3) As to the friction surface of the steel
material having low hardness, there was certain
flexibility in the existence/absence of the surface
treatment and the surface treatment method. From these
30 observations, a step such as a masking step of the
friction surface at the time of coating of the steel
material, which is essentially necessary at present, can
be eliminated. Therefore, labor in machinihg and
execution can be saved, and the production steps can be
35 shortened. Further, since specific skills and techniques
are not necessary for the management of the friction

surface, execution gquality can be easily secured.



and the height of the protuberances were changed so as to exam ne
their relationships with the sliding coefficient. Fig. 9 shows an
exanpl e of the experinent. In the experiment shown in Fig. 9, a
sliding testpiece (whose 15 di mensi ons -ark® shown in the draw ng)
conprising the steel materi al (having smaller hardness of the surface

| ayer portion) 5, the patch having greater hardpess of he
surface | ayer portionfP6tBRdPERECAEghREEREAGEN BbPFe7tF§ Pr°tu BGE8HCSPhe
shape of the proEabeéaédesydtﬁpohedheﬁtthﬁgﬁﬁ boltrcatchniatof ahe sfirfhee

patch 6 is a tri I . h

B0Ler ], and t he WP PEFLigBPEnERTar PR BnfePLdt RELERG CARSART, ¢
made of SChAB8naesst hedsfesttimbheasah. shforg rheiptonqeeaaacest the
ar e fornedspy Cugiigg%hg&g¥ﬁéf8ﬁé hgrgﬁf&éeélfﬁiﬁgz?oeffféfgﬁée@a?ﬂe can

heat -treatments S teria | s made of
SS400. This steebengbtpinpds Becaupg thershrmerand Bhe Fize\pEkehes

hardness was Hv ﬂQtﬁBérances at+& K& ftéﬁﬁsﬂﬁﬁtZQllf\@bﬂ@téﬁf?nﬁéhlbﬁbé 7
of F10TMR2 nserted throu h t he sl |£g %estp ece a g a standard
i Thett

30 bolt strenafht 92r8S+phT TS bﬁ??%ﬂr§o RBakhife
sliding coefficisgsatfsaeéueith respect tdheheeslids beeomésvemabl Fignd9a In

"ncr ease o the REPBRESS! FAETS, CORETtahABRCY B (hah o8t "SEFREET. 0L o the
sliding coefficient bEBvenmeshemak mwheh-pheofing coatimeserrail olexapplieqd. 5.
gg%gggeof' | ding £9°hE CLEPEace on 4HICIEASESCHE PEItlon PELLDEE 25RE, N6t ONt
both, of the two steel materials together constituting
one friction joint surface, the protuberances penetrate
15 through the coating or the oil and catch into the surface
portion of the steel material having the small hardness.
Therefore, a rust-proofing treatment of the friction
surface, that has not been carried out in the past, can
be done without lowering the friction coefficient value.
20 BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, an embodiment of the present invention
will be explained with reference to the drawings.
EMBODIMENTS
Example 1
25 This Example is shown in Fig. 13. The steel
material 9 to be friction-bonded in the present invention
was made of SM490 and had a size of H900 x 300 x 16 (web
thickness) x 28 (flange thickness), and was a steel
material having smaller hardness in the present
30 invention. The surface layer portion of the steel
material 9 to be friction-bonded was treated by shot-
blasting to Rz (DIN) = 50 upm.
On the other hand, SCM435 was used for a patch 10,
and triangular corrugations having a corrugation height
35 of 0.5 mm were formed by machine cutting, and were heat-
treated so as to obtain a hardness ratio of 3.5 (depth of
0.4 mm of the hard layer) at the surface layer portion.



to 0.2 mmand 0.2 mmto 0.5 nmm but decreases, on the contrary,
wi t hi-n t he range of the protuberance hei ght of 0.5to 1.OmM (3) In
order to secure a sliding coefficient of at least 0.9, the hardness
ratio of at 5 | east 2.5 and the protuberdnce height of at least 0.2 mm
are necessary. From t he experi nments described above, the ratio
of t he hardness_of. the s rface qger ort ons is.l.imted.to at

| east 2.5 and the pro?ﬁ%%r%ﬁ%% HBR LAt gened by @ 149P9 0
In view of the fateehtpgh bokt RHETM2heto lmpaharainﬁrssce ato otleg steelburface

| ayer portions is ._.lngre t
I ncr ease n%%%?rlt'%%as u%)%egﬁ 1011181?1?{1#9&{'% &é{i&ﬁ eQ{ abou% 20
Next, the depth btamﬁ%eregedln$0th@nsumf%b% ¢E@@#HQB Thﬁn%lkﬁﬂ%ﬂ t he

friction Slsrfacecaéffﬂaléﬂe W26 €. PO JNeSehe numbés df Md&skdLrptndpast 0.2
mm The depth of the_| ayer hereby neans the | ength neasured in the

direction of thewas 36. hei ght of the protuberance fromthe apex of the
protuberance as the sgashppoint. 20 The experinent was also carried

out for the depth of . the hard | ayer and fhe rg ul t_wl | expl ai ned
with reference TOFi 5’.“"“%{.]9 FJrij.sa%(’f"? ept estht s ﬂfs‘ne TR K‘/ﬁﬁ?
t he protuberancemdreegh4l i s Ho Soemfr andi diebomdetl tirontHeorpresent invention

10 was SM490 having a size of H900 x 300 x 16 (web
thickness) x 28 (flange thickness), and was the steel
material 9 having the small hardness in the present
invention. The surface layer portion of the steel
material 9 to be friction-bonded was treated by shot-

15 blasting to Rz (DIN) = 50 um.

On the other hand, SCM435 was used for a patch 11,
and square pyramidal shapes having a corrugation height
of 0.5 mm were formed by machine cutting, and were heat-
treated so as to obtain a hardness ratio of 2.5 (depth of

20 0.2 mm of the hard layer) at the surface layer portion.

Such steel materials were fastened by a high-
strength bolt F10TM22 to impart a force to the steel
materials in the longitudinal direction (in the

transverse direction in the drawing). The sliding
25 coefficient was 0.90 and the number of necessary bolts
was 46.

Comparative Example
Comparative Example is shown in Fig. 14. The steel

material 9 to be bonded was SCM435 (hardness Hv 170)

30 having a size of H900 x 300 x 16 (web thickness) x 28
(flange thickness), and the material of a patch 12 was
SCM435. A high-strength bolt was F10TM22, and the
friction bonding surface of the steel material 9 and the
patch 12 was in a rust state.

35 As a result, the sliding coefficient was 0.45 (as
the present standard), and the number of necessary bolts

was 86.



this experiment is the same as that of Fig. 9. 25 The fol |l ow ng was

di scovered as a result. (1) The sliding coefficient drastically

i ncreased near the depth of the hard | ayer of the surface |ayer
portion of about 0.2 mm but hardly chdéhges above 0.2 nm (2) Wen
t he depth of the hard | ayer was greater than 0.2 nn1 a 30 sliding

coefficient of at |east O. g mm coul d be secured. % is sufficient
if the hardness ratio”CGRTBEDgetQr ERe Presenh fﬂ%ePﬁyﬁF'o hgis}ddiRrg0. 2 mm

fromthe surfacecoéffheient caﬁrbetimpreuéaacanhutheohumhéﬁUQBOBblt@ecém||

t hi ckness of 4) Fromthese facts, the depth of
35 the hard Iayeépg?é%ﬁgil ég%ﬁg ayér portion in the pr esent

i nvention may be at |@hstpoeeenh1inwanth@n providesftke. f¢lbowime aspect of
desi gn, the depthspbcthe - 12 -

hard | ayer needs be at | east the sanme as the protuberance hei ght. As

to the upper limt of (the YeptiErIttreffieient valug of h%§%¥|%+9h%®an
| arge har dness tha ogtgie éé@ured Adld tddekpgesst @yc&@ey%sﬁléw&d 5

vhen cutting is SRbaVEHl|SLLhe PrOLIDETANGE; o irrospd B AR {TiERLIEN
strength of a steel material and a great thickness of its

10 sheet thickness, and to drastically decrease the number
of necessary high-strength bolts. The joint portion
becomes more compact than the existing joint portion,
labor for machining and execution can be saved, the
process steps can be shortened and the construction cost

15 can be reduced.

(2) Because the sliding yield strength of the high-
strength bolted friction joints portion becomes extremely
large, a new joint portion design becomes possible, too,
and labor saving can be attained in the joint design.

20 For example, design of the joint portion by assuming that
the full section is effective without taking the
sectional deficit of the bolt hole into consideration
becomes possible. A frame work having the joints
according to the present invention has a more stable

25 hysteresis at the time of an earthquake and the
vibration-proof performance can be improved.

(3) Management of the surface condition of the
friction surface can be made simply without any specific
skill. Therefore, troublesome quality management that

30 has been necessary in the past becomes unnecessary.
Further, good performance, which is far stabler than in

the prior art methods, can be obtained.



carr,ied out by heat- treat rrent after shaping of the plrettberanee-

Met hdds such as vac l! L carburi zi ng hgridémniShgET HAS BEEN
L chn ﬁaﬂ

carburizing nitridi fl ame hardeni ng, etg¢, mayRBRH.ACED

sui tably sel ected and Wen Y%he pr ot uber ances™ar & shaped by
| aser machi ni ng or plasna machi ni ng, hardening is effected by
quenchi ng of the protuberance with nachining. A har denabl e steel such
as SCvA35 or S45C is used for the 15 S terial having | arge
hardness. A hi gh speid Highs$eeéngahmbaltéesfsiéﬂgoﬁt@@inta conp03|te
steel sheet b e a surface
| ayer, etc, may ghsggtggﬁgZé& £h Pﬁg{n@hés&g€l$h%93§§§eﬁ rgﬁ%%% gn

carried out, theSgpfacesbayeniperetenbef rachniehien seorfate @fo@m@emﬁntee
(1) Since Ehe S'é@é@ﬂ ﬁ&@éfi&l§”@oﬁ§%¥%§§1ﬁ@xéﬁ@”?rlct10 e lﬁ@e @?EA@éOf

pr ot uber ances (|ncI bet ween bot h opposel
90[err], the proteb % %r 2 of %Osurfacetjtf"ﬂ%[@?‘}l?% e#ef?h@itls%nas

to secure the slsarf@c@Sf thoadihart et ©fidistiaTSimdedria ANOidedt I EASHN
e 1S, set to.60 to 120_1is follows.. If the angle

wh hi

i sysﬁna: tser thana%(g)%’er‘?] SRR 9% o%‘?rac‘fﬁ%ﬁ%%ﬁ%%%‘hﬁs’ﬁrf |having %%%%'?%r
necessary for rmtm&trdnetsy tie g dtedrtr ahce nand 8l{b'ﬂh.1rallty ok qngitﬁlbérdmies
Sy abl e 91 TmoRspARUALL Al Bl Ul tpe AL ARl Lo

120, Iarge energg cess and
speedi | y machi netormed qrmethe ctunf@cen s ﬁlda qwvi gerep duagtei o rpapdsiton

(2) The apex of Hdie; Ry C&f&@é&”%f&éyse“aﬁr[&g %atl SO né(}‘ ?‘%}f’esr W}iat

Fig. 5(a). As to the shapes shown in 35
wi dth Wof the ottt tion supfacqsy éte@mm pihdaigh eratuheranaete

pr ot uber ance is 0.2 to 1.0 mm, and max1mum surface coarseness on the

15 surface of said surface layer portion having smaller
hardness is sufficiently smaller than the height of said
protuberances.

2. High-strength bolted friction joints of a
plurality of steel materials coupled by high-strength

20 bolts, characterized in that the ratio of the hardness of
a surface layer portion of a friction joint surface of at
least one of steel materials constituting one friction
joint surface to the hardness of a surface layer portion
of a friction joint surface of the other of said steel

25 materials is at least 2.5, a hard layer of said surface
layer portion of said steel material having said hardness
ratio of at least 2.5 is at least 0.2 mm, and a plurality
of protuberances having a height of 0.2 to 1.0 mm are
disposed on a part, or on the entire surface, of the

30 surface thereof. '

3. High-strength bolted friction joints of a
plurality of steel materials coupled by high-strength
bolts, characterized in that the ratio of the hardness of
a surface layer portion of a friction joint surface of at

35 least one of the steel materials constituting one
friction joint surface to the hardness of a surface layer

portion of a friction surface of the other of said steel .
ald steel -

ect Has Been Replaced
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height h,as to Fig. 5(b), and the distance bet ween t he 'LH!S SHE THAS BEEN

- 13- : protu the r curve is prefer
than the prot uberancg\j‘mgm\m“ﬂmﬁﬂ pondi n% to the gE .,@an

the flat width Wof the psotiubdrafice” apex)‘ as to Fig. 5(c). 5
(3) Wen the shape of the protuberance is a pyramd (such as a
square pyramd), ater .when_t he

lid fic] b
proj ection area 8 gﬁiab 'n%]g@eieégkfﬁF§heafB?£§Cf$§%§%éft§ﬂbdd§?££??8n is

greater. In laFey. p@rtibe ofidaing sbeélimabarial Iyaeimgrsandther&neslsB
10 than in thﬁa’E]&Bd ﬁ diléésgrfaﬁefs'élttf@%gﬁ ngl. » th%é‘ the
kind C. e present 1 nvention e boun the range

in which the proPdBdEadhtEsofir protepesances bﬁ%l%%rﬁah%l t of 0.2neosurface
l'ayer portizpn prefgrahl é(réieéliﬂ%’s@a' @:’i‘ é‘rﬁ 2ridp or OEVRENeRPiIENGhrELEE] €

havi ng a radi us at Ieast hr ee i mes_the radius of a shaft. portion of
said bolt and ancf the 6HF€?C%|?¥?%?%%V|?EFa?rE&H{E4+ﬁX oF SRFRtup Fr
tinmes t he hading af hébghshef tnpordgreatet skan ®Ool tmwi dke tdEsposed

axis of a bolt hgﬁe Onedrﬁgbel §§g}i£g&€§%£i£¥ﬂ afs frlctlon joint
surface of said steel material having said hardness ratio

10 of less than 2.5.

4. High-strength bolted friction joints of a
plurality of steel materials coupled by high-strength
bolts, characterized in that a range in which a plurality
of protuberances are disposed on the surface of a surface

15 layer portion of a friction joint surface of at least one
of said steel materials is defined by an area between an
inner circle having a radius at least three times the
radius of a shaft portion of said bolt and an outer
circle having a radius not greater than four times the

20 radius of the shaft portion of said bolt with the axis of
a bolt hole boned for inserting said bolt as the center
of both circles, or defined by an area between an inner
and outer polygon, respectively circumscribed in said
inner and outer circles.

25 5. Steel materials of a high-strength bolted
friction joints characterized in that the ratio of the
hardness of a surface layer portion of a friction sﬁrface
of one of two steel materials constituting one friction
joint surface to the hardness of a surface layer portion

30 of a friction surface of the other of said steel
materials is at least 2.5, the depth of said layer having
greater hardness of said surface layer portion is at
least 0.2 mm, a plurality of triangular corrugation-like
or square pyramidal protuberances are formed on the

35 surface of said surface layer portion having greater
hardness, the height of said protuberances is 0.2 to
1.0 mm, and the maximum surface coarseness of said

This Sheet Has Been RTlaced
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20 . center of both circles, or defined by an area between.an ~§§

j : 1
o pater patveen. < AANANL l]llllﬂlﬁsﬁé'eﬁe?h'e”f i cti on 55“? st

e vicinity

fasteni ng of the *hi gh-'st Mendt h*bol t Tehthes naxi nurk

of the 25 bolt hol e and progressively decreases outward fron1the

axis of the bolt hale as.the cent erefore, en

prot uber ances ex&S&EAPSS CRESBoRRE FV“dB?XFPHeEmgggﬁé hardne&?elﬁorned t he

effect of increasufficientllydsmgller theoethiechenghdoes satidappear. The

value of at |east bReerdafces.liMes is set because at |east about 90% of
the fastening force of the high-strength bolt within the range
smal | er than 3.0-ti nE§epd BRéPriBlEefonsusReiBupf highpstsengsh

(kgf/nmierrg) beb%&t@dthQLEEhéhlQBlﬁﬁéféfeﬁ phﬁrh@?tyabﬂeseéel mateL@4f s
times is secured, al t he surface

ch
pressure acts caf® ngggvg hlgﬂTﬁErgngtﬁ b?é?ﬁbe?ﬁﬁﬁ@gtﬁleﬁg hpghhatr BAGt h

bolted friction jektmbsof the hardness of a surface layer portionléf-a

of the present '@¥§8EE§H gggf98e1é£e%£ Ygggtdéﬁgos dg%%ﬁesg?e}h%ateggggary

wi thin such a range
di stribution staF@nétltﬁélBgr@aeefplétsqne301nt surface to the hardness

10 of a surface layer portion of the other of said steel
materials is at least 2.5, a hard layer of said surface
layer portion of said steel material having said hardness
ratio of at least 2.5 is at least 0.2 mm thick, and a
plurality of protuberances having a height of 0.2 to

15 1.0 mm are disposed on a part, or on the entire surface,
of the surface of said surface layer portion.

7. Steel materials for use in a high-strength
bolted friction joints surface of a plurality of steel
materials coupled by high-strength bolts, characterized

20 in that the ratio of the hardness of a surface layer
portion of a friction surface of at least one of said
steel materials constituting one friction joint surface
to the.hardness of a surface layer portion of the other
of said steel materials is at least 2.5, a hard layer of

25 said surface layer portion of said steel material having
said hardness ratio of at least 2.5 is.at least 0.2 mm
thick, a plurality of protuberances having a height of
0.2 to 1.0 mm are disposed on a part, or on the entire
surface, of the surface of said surface layer portion,

30 and a plurality of protuberances having a height of not
greater than 0.1 mm are disposed on said surface layer
portion of said friction joint surface of the other of
said steel materials having said hardness ratio of not
greater than 2.5.

35 8. High-strength bolted friction joints and steel
materials for friction joints according to any of

claims 1 through 7, wherein the angle of a plurallty of

This Sheet Has Been Re
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bét ween the frichonsuriﬁk In Fig. 12, (a) rEJrn':pnts t he

di stributiron sta urface pressure betvveen t heTHIS $HEDN
surfaces when \“\“mm ss of the patch is 16 nm and (b )HEpQAggSyr?tEEN

the case when the *t hi‘ckness of the patch irs28€ mm As a test
condition, F1OTM22 was inserted as a high- strength 10 bolt, and was
fastened at a stand rd bol t strengtg, 422. ton). Synbol a represents
the distance of 2°td ProtuBerances (ingluded 3u@le Jfteeen 1boky skeresymbol
b repr eser@gpQ&mgiis&ralmo:ethér)a #s Of o060 shaf20portion radi us.

15 Next, the gurf he.s eel mat er hayvi ng
the smal | hardness at thealgle ace %Ai C}E)%]trttel% Lction J‘Hﬂetﬁra?‘f?%rgmg
material of the & ¥ty mf efrlaaim%ql,ufﬁpefwg'ﬁt& whereimen prug thymramtinsg Wi | |
be explaingd.  paint or Ji BA&n ﬂéﬁ;é]‘?‘lly%’i dd1e mglcbaéldlb Sor S, 20

SS400, SS600, etc, for exanple, mat er1 al™ need e as flat
as a material h&HTRGE rfhfclﬂrfﬁfng”t il of saidsteel matemmlsial my be

finished to not agyestiitiuting ordaiy idtidn A i rdurfded erns of ten-point

mean coar seness Rz (DIN) by shot blast treatnent or sanding
treatment, or 25 not greater than about 0.1 mmin terns of the maxi num
hei ght of the protuberance. There is the case where the st eel
material has a black skin surface as the surface coar seness W t hout
any specific treatnent. Here, the surface condition of the steel
material 30 havi ng smal |l er hardness wi Il be expl ained nore concretely
with reference to Fig. 11. Fig. 11 shows the slide test using
t he surface condition of a soft steel material as a paraneter.
7
T



In Eig. 11, the slide test of the slide testpiece 35 shown in Fig. 8 was

carried out under the follow ng condi tions. The shape of the

pr ot uber ances di sposed on the side of the friction surface of a hard
steel materi al - 23 - - 15 - was a
triangul ar corrugation, and the protuberance angle was 90. The radius
of the distal end of the prot uberance was_ 0. On the other hand, the
soft steel material was SS400 and HEEPER&ekdness of Hv 140. The 5
surface conditions were the follow ng six |evels, that is, A (as

bl ack skin), B (shot ast }.: G i fleni.sh D.(sandi ng, + .
coating), E (shot blagk % éﬁggi%g?gng@ﬁ bg%EeE %%é%ﬁ%ﬁg %ﬁP%ﬁ’+%8Fe§§§f9 A

hi gh-strength boltf &he hardnpsgrmi2awgsrifaser lesrerhpoughiosacli sl fddéction

testpi ece, @ind agh@facesSbirdaRg1eagtl babeBE Whs g@ééﬂrﬁgtg¥i9FE|¥Bn9h@
standard bolt strength (22.6 ton The results were as

fol | ows. hardeFSIHftﬁeSEBFFCEtiéYeﬁaPEFFéPP afspi fragtion surface
coefficient of abfl east o@h8rceyl €hbessesurpdteriassesti ¥ 18ast 2f 5t hene

Condi {1015 OF DgefLhChEOR L. AFEeg!1Eyok w818 naving HEoRSE! ASSanoss

is at least 0.2 mm, and a plurality of triangular

10 corrugation-like or pyramidal protuberances having a
height of 0.2 to 1.0 mm are disposed on thé surface of
the surface layer portion having higher hardness. This
friction joints can secure a sliding coefficient of at
least 0.9, can improve quality of the friction joint

15 surface and joint performance, can make the friction
joint portion compact, can improve execution factors, and
can reduce the execution cost. The invention discloses
also steel materials for the high-strength bolted

friction joints.



machi ne finish and sanding, and in the case.of the exi stence of the
coafi-ng layer or the coating and the grease (that is, irrespective of
t he exi stence of the 20 " coating). (2) I'n the steel materia
havi ng a hi gh hardness, the sliding coefficient was hardly affected
even when a rust-proofing treatnment such as rust-proofing coating was
applied to the friction surface at the stage of 25 machi ni ng.

Therefore, rust-proofing could be applied. (3) As to the
friction surface of the steel mat eri al having | ow hardness, there was
certain flexibility in the existence/ absence of the surface

treatnment and the surface treatnent nmethod. Fromthese 30 observati ons,
a step such as a maski.ng step of the friction surface at the tine of
coating of the steel material, which is essentially necessary at
present, can be elimnated. Therefore, |abor in machining and
execution can be saved, and the production steps can be 35 short ened.
Further, since specific skills and techni ques are not necessary for

t he managenent of the friction suqtaﬁe execution quality can be
easily secured. g;. - 16 -

(b)




In the present invention, since the protuberances fastened by the

hi gh--strength bolt catch into the surface | ayer portion of the steel
mat erial having the small - har dness and function as a strong

resi stance against the 5 slide. Therefore, a large sliding coefficient
val ue can be obtai ned. Because the shape and the size of the

prot uberances are kept substantially constant, variance of the

resi stance structure forned on the friction surface with respect to
the slide becones small, and a 10 stabl e sliding coefficient value can
be secured. Even when a rustgpry iqg%coating or oil is applied
to the surface on at least the frictionksi of<bne, or bot h, of the
two steel nmaterials together constituting . one friction joint surface,

t he protuberances penetrate 15
into the surface f
har dness. Ther ef or

through the copting or the oil and catch
' 1ng the small
he friction

1

, a rust-proofihg treatnent of

surface, that has not be&gTarTiedout A the past, can bedgne

wi thout [owering the f# £tNon coeffici alue. 20 BEST FOR
CARRYI NG QUT THE | rel nafter, yent of{H he
present invention i ex I ngd w't href ceto dr gwm ngs.
EVMBODI MENTS npke i npke_j 0 m Fig.
13. The steel er jal f 1 ciA onfboaded | p/t p ent

i nvention e Of 0 &nd Mhag/a g1z o 0 3 16 (web
t hi ckness) x 28 (Fl ange/t wckaesg), And wag” a At £l ter1 gl havi ng
smal | er hardness fifd t He gregen

Fig.4
(a)




30 Jnvention. The surface |ayer portion of the steel material 9
to be friction-bonded was treated by shot- blasting to Rz (DIN) = 50
[err]m On the other hand, SCW35 was used for a patch 10, _
and triangul ar corrugations having a corrugati on hei ght 35 of 0.5 mm
were formed by machine cutting, and were heat- treated so as to
obtain a hardés'f t5 of 3.5 (depth of 0.4 nmmof the hard layer) at
the surface |tye gr f on. - 17 -

Such steal materials ﬁ fast ened by, i gh- stré t}] bolt F10TMR22
to inpart a force to( Lfsteel (Tbgrials'in t he | Kgi udi rEROTUBERANCE
direction (in the tan P ' ; awi ng) . TIHEISHT di ng
5 coefficient was 1. 25ﬁa“n§xﬁzﬁﬁﬁfkn€§?%®ﬁte@§{§§?r@; bolts - wag 36.

Exanmpl e 2 This Exanple is [ShoWn in Fig. 14. The steel

material 9 to be frictienr-—bendedin AR’ 3
havi ng a size of H90 00 : '

t hi ckness), and wag’ tT i Z i 3 har€néss in
t he present /

6 = PROTUBERANCE ANGLE <h /cos(Q-)

Fig.6

Fig.7
2 (b) L 2

(a) PRI ‘
<~ IXIXIX]— mangrrone o
CRVENE | °
KIND A KIND B
(c) , (d) ,
aalh : -
307" NEANL
7 ~ h
D KIND D \&9



invention. The surface layer portion of the steel material 9 to be
friction- bonded was treated by shot- 15 blasting to Rz (DIN) = 50
[err]m On the other hand, SCW35 was used for a patch 11,

and square pyram dal shapes having a corrugati on hei ght of 0.5 mm
were formed by nmachine cutting, and were heat- treated so as to
obtain a hardness ratio of 2.5 (depth of 20 0.2 mmof the hard | ayer) at
the surface | ayer portion. Such steel materials were fastened by
a high- strength bolt F10TM22 to orce to the stee
materials in the longitudinal directio gﬂ SE; transverse direction
in the drawing). The sliding 25 coeff|C| t was 0.90 and the nunber of
necessary bolts was 46. o rative Exanple

Conparative Exanple is shown in Fig. 14. Eﬁgvsteel material 9 to be
bonded was SCM435 (hardness Hv 170) 30 Yng a size of H900 x 300 x 16
(web thickness) x 28 fl ange thi gkness), and the naterlalfyf a patch

12 was SCMA35. A highFstrength bglt was F10TM22, and the
friction bonding surface off the steel terial 9 and the &atch 12 was
in arust state. 3% [ Fesulrf, thelsl1ar g coefrt [[{fent] was P. 45
(as ~ the pres nt'ﬁtandaTd), ﬂnd t he nun@E Eecessa qF;olts
86. ! ' I
nas 100 ll .l_o o) }E o .“Ao , _
' -I[ii 'h i ‘lli J]hh_
10
s 60,|.70 1 60,1( 60.{_70 ]| 60 _
' 680 >
(UNIT:mm)
; 7 7 6 5
16y — JE( pimiy ﬂil! (m .
5% [ — i L ]
16 A =5
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-19- |
joints

CLAI M5
characterized in that the ratio of the hardness of a
surface |l ayer portion of a friction surface of one of two 5

1. High-strength bolted friction

materials constituting one frigtion joint surface

a surface |l ayer portion of a friction
| east

steel materials is at
portion having greater
pr ot uberances 10

har dness anong said surface |ayer

st eel

of the hardness of

surface of the other of said

2.5, a depth of said surface |ayer

har dness is at

E|q9

porti

least 0.2 mm a plurality of
having triangul ar corrugations or pyram dal
formed on the surface of said surface

shapes are

havi ng greater

of both friction surface,

a height of said protu?zrances is 0.2 to 1.0 nm and naxi mum surface
coar seness on the 15 s FAERTOF T§ai'd 'surfa é Ia er 'pdriti ons hay ng
smal | er hardness isfnot greatér than 70[err inlter of ten-point
mean courseness Rz (DI W gr—ot—gregter—tham g t—Tmrn erms] of the
maxi mum hei ght of thig protuberance. 4. {Hi gh-{strenigth bfﬁged
friction joints of a5209 Cplutality of eel lnat al s lcoupled byl
hi gh-strength ﬁolts-cha act el |zed[in tRat a‘’jrangg in |ch‘a“
plurality of p&otubérances ar ¢ di sposed]on t surjf ace @f a-—s Eace
| ayer portion of a f&i @n jolnt surfac@ of gt I egst ore 0H d
steel materials is d8fined by an ar¢a befweenjan 188
} &) A
=06 .
& u o -0.1mm |3
A 04 . ]
4 o 0.2mm [
[ ¢  0.5mm =
02 [ a 1.0mm [
0 sTITI SRR RRNTI RNEN: FEnEE PR TI P AT Y =
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HARDNESS RATIO
1'4 _l [ LENLEEE Bl LR B BLI L LI T T T IR l_
12 F R — ol .
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) = 1 e
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25 Jnner circle having a radius at |east. three times the radi us of

a shaft p@rtlon of said bolt and an outer circle having a radius not
greater than four tines the radi us of the shaft portion of said bolt
with the axis of a bolt hole boned for.inserting said bolt as the
center 30 of both circles, or defined by an area between an inner
and outer polygon, respectively circunscribed in said i nner and outer
circles. 5. Steel materials of a high-strength bolted
friction 10|nts characterized in that the ratio of the 35 hardness of a
surface | ayer portion of a friction surface of one of two steel
materials constituting one friction joint surface to the hardness of
a surface layer portion - - 20 -
materials is at least 2.5, a hard | ayer of said surface | ayer
portion of said steel material having said hardness rati o of at

least 2.5 is at least 0.2 mmthick, a F: Igg
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plurality of protuberances having a height of 0.2 to 5 1.0 mm are

di sposed en a part, or on the entire surface, of the surface
thereof, and a plurality of protuberances havi ng a hei ght of not
greater than 0.1 mm are di sposed on the surface |layer portion of
said friction joint surface of said steel material having said
har dness ratio 10 of less than 2.5. 4. High strength bolted
friction joi ntsEci@HJu%to claiml1l, wherein said joints are
constructed of pF e of steel materials coupled by :

hi gh-strength bolts having a boundary of a range in which a plurality.
of protuberances are 15 @hspesed—op—the—syrface——o sgg—t-a-yEr
portion of a fri.ction jdint surface of jat | eastf pne ol said sfteel
materials is defined by an gpda betwepd an igner cirple lhavi ng a
radius at |east three tin:gs tHe radiup {of a ghaft por{ion of [said
bolt and an outer circle ng a rad] ys not |20 grepter thanm four tines
t he radi us of the shaft p‘t&r?bomogf said bolt wth thefaxis of| a bolt
hol e boned for inserting & popiEd bplit as tfthe centerjof bethjcirc| es, or
defined by an area e POgeT—=am g outer—polygon—regspect i vel y
ci rcunscri bed H(%)j and outer] di rcr%b 25 5/ |Sted|
materials of a M stre thshﬁltcd Hetd-on—ferpts—ehargqeteri zed in
that the ratio of the ﬁ hgrdness pf| a suffac® Layef porlion of fa
friction surface of mong lof _twn Kkileel nﬁtpua si.chnstitutiing dne
friction joint surf@cetjo the hparldnessjof a surf@ce | ayel porjtion 30
of a friction surface of Bhe.qdther of| dai d steel matefials isl at -
| east 2.5, the depth of <Ai d5l ayer halilng greawt el har ¢mess of| said
surface | ayer portion is at 0 " ]BTO o
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l east, 0.2 mm a plurality of triangular corrugation-like or square

pyranﬂdal pr ot uberances are formed on the 35 surface of said surface

| ayer portion having greater hardness, the height of said
protuberances is 0.2 to 1.0 nm and the maxi mum surface coarseness of
sai d materials is at least 2.5, a hard |layer of said
surface | ayer portion of said steel material having said hardness
rati o of at Ieast .94 B[east 0.2 mmthick, a plurality of

pr ot uber ances havi [ of 0.9 to 1@ 1.0 ®m are diposed on a

part, or on the ent| re surface fce theregf, and a

plurality of protuberances ha in : alal N0t grjeater than 0.1 mm
are di sposed on.the surf afmr ¢ R e/ eT Tpn | oi nt
surface of said steel materi al Vi d ar @lness ratio 10 of |ess
than 2.5. 4. Hi gh-sfrength bolted iction joints ¢f a
plurality of steel materials coupled by highfg gth bolts,
characterized in that ge in which a plu of pr¢tuberances
are di sposed on the sga a surface 15 gyer portion of a friction
joint surface of at ast one o o 10
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of said.steel materials is defined by an ar.ea between an inner circle
havi g a radius at |east three tines the radi us of a shaft portion of
said bolt and an outer circle having a radius not greater than four
times the 20 radi us of the shaft portion of said bolt with the axis of

a bolt hole boned for inserting said bolt as the center of both
circles, or defined by an area between an inner and outer polygon,
respectively circunscribed in said inner and outer circles. 25

5. Steel materials of a high-strength bolted friction joints
characterized in that the ratio of the har dness of a surface |ayer
portion of a friction surface of one of two steel materials
constituting one friction joint surface to the hardness of a surface
| ayer portion 30 a frigtion surface of the other of said steel
materials is at |east ] t ésﬁepth of said | ayer having - greater

har dness of said surface yer portion is at least 0.2 mMm a
plurality of triangular corrugation-I|ike or square pyr?gidal

pr ot uberances are forned on the 35 surface of said surfdge | ayer partion
havi ng greater har dness, is 0.2to
1.0 mm and the maxi num surface}’ rseness Of S
To1. 9 iffi

A
(a)

=

12

00000000000

00000000000

ol 3 X L b kg Kd &dd
Afsviwminjajalvre
Y AKANAY AKAYS

AT T A A i
P2 A AR AV APAPAR AP




Al

surface | & 14-010 havhRg small er hardness is sufficiently

smal | er thEEPngihérgg? ﬂ“?:aid pr ot uber ances. 6. Stee
mat eri al s {f use in a highistrength 5 bol eg friction joints of a
plurality o1 ﬂe@mmtﬁrl hl b coupl ed bySHPgHtute sbegth AbMay 1997
characterifzeéd in that the rati o of =th® Hardness of a surface Iayer—"-m
portion off a friction surface of at |east one of said st

materi al s constitutihg one friction t surface to th Tm'!H

of a surface layer portion of the other OM st eel mat ex |

least 2.5, a hard |ayet. of Highdstuedgide bolted Eajetigrorjoiatsof said st eel
material having sgherANSIISEd in oyt Ated Ak 18! of SN l&rﬁnh§saﬁfl gast 0.2

mm t hi ck, and a ur al i r ot uberances havi ng a hei of 0.2 to
15 1.0 nmare ﬁ?%fﬁééx}ﬂﬂﬁraPﬂ§?¥°n(ﬂf @n frhetion sur Ff8§e°ne of tws the
surface 01;] _ Sﬁi d ssmé@rendt&)tealeoééxiasl]gitutxpg one fr:.ctm‘ﬁ]E geh.nﬁ?&@ffa'&é }‘or
use in a high-str ion i nts a of ,a. plurality
of steel erl% S “E&GS?ga*gﬁy fglud:l%tagfr éﬁg %ocﬁsc’t"' n 8I§|a?aa ‘%’féﬁ 20
in that the rati os'blrfél% afathaecsthey aof §anﬁa§§e¢hmterlals porat cgeasft a
friction surface @fs ata 'd%%‘ih Qﬂes&d %ﬁir‘iﬁce lay & %rt%heﬁh@iﬁ? Qﬁ‘bﬁﬁetz“t i ng

one friction joint FJ ar dness a surface portion
of the other ne's"él &SSPEe}e?ﬁt Hritar@, | & plugality 9fcprot ‘ﬂ"}cz%?er of
25 sai d Hur f adeaviayetriangubar Cﬁomgdtsbaeloﬁvgwamaamwms are said

hardness ratio Of%awel £33t ﬁﬁe %‘%&%te o% 5369 g‘%l?nafeoln%er é&%]?%a plurality

of protuberances ng a posed on a
part, or on the amiving greater hardness among said surface layer portions

of both friction surface, a height of said protuberances
is 0.2 to 1.0 mm, and maximum surface coarseness on the
15 surface of said surxface layer portions having smaller
hardness is not greater than 70 um in terms of ten-point
mean courseness Rz (DIN) or not greater than 0.1 mm in
terms of the maximum height of the protuberance.
4. High-strength bolted friction joints of a
20 plurality of steel materials coupled by high-strength
bolts, characterized in that a range in which a plurality
of protuberances are disposed on the surface of a surface
layer portion of a friction joint surface of at least one
of said steel materials is defined by an area between an
25 inner circle having a radius at least three times the
radius of a shaft portion of said bolt and an outer
circle having a radius not greater than four times the
radius of the shaft portion of said bolt with the axis of
a2 bolt hole boned for inserting said bolt as the center
30 of both circles, or defined by an area between an inner
and outer polygon, respectively circumscribed in said

inner and outer circles.
5. Steel materials of a high-strength bolted
friction joints characterized in that the ratio of the
35 hardness of a surface layer portion of a friction surface
of one of two steel materials constituting one friction
joint surface to the hardness of a surface layer portion
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sﬁrface, f““fhe_surfacen.af“ aid surface | ayer porti oH“'HE lwalm HILHU!"
plurality jofi protuberanceg having a hei ght of not 0.1 mm

are di sposied of &sHipY 687 f acé | ayer porti of sald fr| n ioidy
surface of{ the other of sai d steel na%eéﬁgfg_ﬂﬁﬁ ﬁ%lﬁgy”,:\S
han 2.5. 35 ngh strength bolted

rati o of greater t :
fri-ction j materials for frlctlon joints according to

any _of claig g YRR Tur PSS S ol CoBhsk SLleadaPhbbal |ty of

- 22 - sal erances ot h sl opes
opposi ng each ot h@?&e#galﬁém 8b %@P&‘ZO? 5, a dePt’Q of |gadd suréage hlaxsxr ed
friction joints agéeptibmhavin tgrewexofha&haeas is ta¥ QegBL80.2miigin a

U pronting SRRkt o eslbbiihdol Bhvifa ANSREIeR caRHgtti
friction joiht sup¥ayxramidal shapes axe formed on the surface of said
surface layer portion having greater hardness among said
surface layer portions of both friction surface, a height
of said protuberances is 0.2 to 1.0 mm, and maximum
surface coarseness on the surface of said surface layer
10 portions having smaller hardness is not greater than
70 uym in terms of ten-point mean courseness Rz (DIN) or
not greater than 0.1 mm in terms of the maximum height of
the protuberance,
8. High-strength bolted friction joints and steel
15 materials for friction joints according to claim 1 or
claim 5, wherein the angle of a plurality of said
protuberances {including an angle between both slopes
opposing each other) . is 60° to 120°.
9. High-strength bolted friction joints and steel
20 materials for friction joints according to claim 1 or
¢laim S5, wherein a rust-proofing paint or oil coating
layer is disposed on said friction surface of one, or
both, of said steel materials constituting one friction
joint surface.
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materials is at least 2.5, a hard layer of said suxface
layer portion of said steel material having said harxdness
ratio of at least 2.5 is at least 0.2 mm thick, a
plurality of protuberances having a height of 0.2 to

5 1.0 mm are disposed on a part, or on the entire surface,
of the suxface thereof, and a plurality of protuberances
having a height of not greaterx than 0.1 mm are disposed
on the surface layer portion of said friction joint
surface of said steel material having said hardness ratio

10 of less than 2.5.

4.ﬁigh strength bolted fridtioﬁ jéints according to
claim 1, wherein said joints are constructed of a plurality
of steel materials coupled by high-strength bolts having a
boundary of a range in which a plurality of protuberances are

15 disposed on the surface of a surface layer portion of a
friction joint surface of at least one of said steel
materials is defined by an area between an inner circle
having a radius at least three times the radius of a shaft
portion of said bolt and an outer circle having a radius not

20 greater than four times the radius of the shaft portion of
said bolt with the axis of a bolt hole boned for inse;ting
said bolt as the center of both circles, or defined by an
area between an inner and outer polygon, respectively
circumscribed in said inner and outer circles.

25 5. Steel materials of a high-strength bolted
friction joints characterized in that the ratio of the
hardness of a surface layer portion of a friction sﬁrface
of one of two steel materials constituting one friction
joint surface to the hardness of a surface layer portion

30 of a friction surface of the other of said steel
materials is at least 2.5, the depth of said layer having
greater hardness of said surface layer portion is at
least 0.2 mm, a plurality of triangular corrugation-like
or square pyramidal protuberances are formed on the

, 35 surface of said surface layer portion having greater
hardness, the height of said protuberances is 0.2 to
1.0 mm, and the maximum surface coarseness of said



