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Super-high-strength bolt, “ SHTB®”, isa new steel bolt product having a strength
1.5 times that of conventional F10T and excellent in resistance to delayed fracture.

To study countermeasures against delayed fracture, a method for evaluating de-

layed fracture properties was developed, and on that basis, a new steel excellent in

delayed fracture resistance and a new bolt shape to prevent delayed fracture were

developed. Additionally, to confirm the delayed fracture resistance of the developed

bolts, atmospheric exposure tests were conducted. Use of SHTB reducesthe size of a

structural joint to 2/3 that of conventional ones, reducing construction costs and

time and enhancing work safety.

1. Introduction

Steel structural members are fastened together either by welding
or with high-strength bolts; the latter method consists of forming
joints by connecting steel members, using high-strength bolts, which
are industrial product, and for this reason it is easier to secure de-
sired fastening quality by bolt connection than by welding, the fas-
tening quality of which depends significantly on the skill of welding
workers. On the other hand, as the height and size of buildingsin-
crease and use of thicker and strong-er steel materias for their struc-
tural frames expands, more number of bolts are required for each
joint, leading to bulky joint sizes and low work efficiency, asfar as
conventiona F10T bolts (1,000-N/mm? class tensile strength) are con-
cerned. For thisreason, stronger connecting bolts have been eagerly
looked for.

In consideration of the market need, Nippon Steel Corporation
began development of a new super-high-strength bolt product of a
F15T class aiming at (1) fastening heavy-gauge and high-strength
steel members with high-strength boltsin a practical manner, and (2)
reducing the number of bolts to make joints compact, save man-

power and shorten construction period.

At an early stage of the devel opment, however, use of F11T high-
strength bolts was virtually banned for fear of delayed fracture, and
it was widely thought that the strongest of high-strength bolts that
could be used reliably was F10T. In such a situation, the develop-
ment of high-strength bolts of a F15T class was quite a challenging
attempt, and it required a comprehensive approach such as develop-
ment of (1) amethod for evaluating delayed fracture properties, (2) a
steel excellent in resistance to delayed fracture and (3) a new bolt
shape to prevent the occurrence of delayed fracture, and (4) confir-
mation of the delayed fracture resistance of fastening bolts through
exposure test in real environments.

The super-high-strength bolt, “SHTB®”, having a 1,400-N/mm?
classtensile strength, was devel oped as aresult of these activities. A
newly developed thread shape realized a bolt tension 1.5 times that
of F10T bolts. In 1999, Nippon Steel and NS Bolten was granted a
general approval of SHTB by the then Minister of Construction (now
called the Minister of Land, Infrastructure and Transport) in their
joint names, used for construction of a high-rise building for the first
timein 2001, and its application has expanded steadily ever since.
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This paper describes the technologiesincorporated in SHTB and
presents some examples of its applications.

2. CountermeasuresAgainst Delayed Fracture

2.1 Mechanismsfor occurrence of delayed fracture
Delayed fracture is the toughest problem to overcomein increas-

ing the strength of high-strength bolts. Such fractures are akind of

hydrogen embrittlement, wherein a steel material fails under astatic
load, abruptly and without premonitory events, after acertain period
has elapsed. It occurs more often as steel strength increases: in the
case of high-strength bolts, occurrences increase markedly when the
tensile strength of the steel exceeds 1,200 N/mm?. Japanese Indus-
trial Standards (JIS) once included high-strength bolts up to F13T

(1,300-N/mm? class tensile strength), but in consideration of frequent

failures of F13T bolts due to delayed fracture in 1964, the grade

F13T was crossed out from the JIS in 1967. Furthermore, use of

F11T (1,200-N/mm? class tensile strength) was practically banned in

1979, lowering the maximum strength of usable fastening bolts to

F10T. All this was because the possibility of delayed fracture could

not be eliminated with regard to high-strength bolts of F11T and

above.

Delayed fracture results from a very small amount of hydrogen
that comes into steel during its production processes such as heat
treatment, pickling, electrolytic plating, etc and by corrosion aswell.
In the case of high-strength boltsfor civil and building construction
use, the hydrogen that causes delayed fracture comes mainly from
corrosion, and the processes that |ead to the failure are considered as
follows (see also the schematic illustrationsin Fig. 1):

(2) A bolt corrodes and hydrogen enters the steel matrix through the
surface;

(2) The hydrogen diffuses to material inside and accumulates at por-
tions where stress and plastic strain concentrate such as threads
and the transition from the head to shank;

(3) When the accumulated hydrogen content exceeds the permis-
sible limit for the failure of the steel, acrack forms;

(4) The crack causes more stress to concentrate near it, and it devel-
ops even with asmaller amount of hydrogen; and

(5) When the crack developsto acertain size, the bolt fails.
Therefore, to prevent delayed fracture from occurring in the high-

Chemical composion, Susceptibility of
structure of steel hydrogen embrittlement

N
I—I_I

el Crack initiaion

-@@
@@

Accumulation of hydrogen

h |
Bolt tension, [> C trati £ st trai
Ty o el Med] oncentration of stress, strain

Fig. 1 Process of delayed fracture initiation
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strength boltsin use, it is effective to stop any one of the above proc-

esses or retard their progress as much as possible. The improved

delayed fracture properties of SHTB were obtained through the de-

velopment of a steel having a large permissible hydrogen content

and a bolt shape that inhibits delayed fracture.

2.2 Development of evaluation method for delayed fracture prop-
erties

There are no commonly accepted methods for evaluating delayed
fracture properties of steel, and thus, different research and evalua-
tion institutes have used different evaluation methods of their own.
Many of those methods evaluate delayed fracture propertiesin terms
of the time to failure or rupture stress ratio of a steel material im-
mersed in an acid solution. A major problem of these methodsis that
the behavior of hydrogen penetrating into steel in an acid solution is
different from that in an atmospheric corrosion environment, inwhich
theboltsare actually used. For thisreason, there are some caseswhere
evaluation results of delayed fracture resistance for some kinds of
steel using one specific acid solution may be inversed with a differ-
ent acid solution, or the delayed fracture properties observed in [abo-
ratories do not match with those in real environments. Therefore, it
follows that to develop anew grade of steel resistant to delayed frac-
ture, it is necessary first to develop a method capable of properly
evaluating delayed fracture resistance of steel.

For this end, the authors devel oped a method of thermal desorp-
tion spectroscopy for measuring the amount of diffusive hydrogen
in steel and anew evaluation method for delayed fracture properties
of steel based on the measured amount of diffusive hydrogen?. By
the developed evaluation method based on the hydrogen amount, a
critical hydrogen content [H_] not to cause delayed fracture is mea-
sured, it is compared with the amount [H_] of hydrogen that enters
into and accumulatesin steel from the environment, and a steel that
has [H_] sufficiently larger than [H_] is judged not likely to fail by
delayed fracture during use. Here, the value of [H ] is determined as
follows: by cathodic electrolysis, hydrogen is made to penetrate, in
different amounts, into around-bar test piece having acircular notch
simulating the stress concentration portion of abolt; the test pieceis
then metal plated to prevent hydrogen from dissipating into the air;
itisheld at room temperature for a period of timeto let the hydrogen
diffuse homogeneously in the test piece; and then it is subjected to a
static stress equivalent to an axial force applied to abolt in actual use
for tightening, and the time until its failureis measured. On the other
hand, [H_] is determined by subjecting steel specimensto cyclic cor-
rosion test (CCT) simulating real outdoor conditions and measuring
the amount of hydrogen that penetrates into the specimens through
corrosion and accumul ates there.

By changing the chemical composition and heat treatment con-
ditions, the authors prepared six kinds of specimen steels having ten-
sile strengths ranging from 1,078 to 1,627 N/mm?, and measured the
valuesof [H_] and [H ] of the specimensin laboratories. Bolts were
made from the same specimen steels and subjected to exposure tests
at acoastal location in Okinawa, and the probability of delayed frac-
ture was measured. Fig. 22 shows the relationship between the val-
ues of [H_] and [H,] and the probability of delayed fracture thus
measured. The good correlation seen in the graph indicates that the
developed evaluation method is usable for estimating the occurrence
of delayed fracturein area environment. A method like the above
is, asfar asit isbased on hydrogen content of steel and the measure-
ment conditions for [H_] and [H,] are properly selected, effective
also in evaluating the probability of hydrogen embrittlement of struc-
tural members and mechanical components, even if they are used
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Fig. 2 Relationship between delayed fracture probability in exposure
test and parameter [([H_]-{H.])/[H.]]

under conditions of stress |oading (repeated stress, etc.) and hydrogen

penetration very much different from those of high-strength bolts=4.

2.3 Development of high-strength steel excellent in delayed frac-
ture properties

Generally speaking, the strength of high-strength boltsisincreased
by quenching and tempering, and their structure istempered marten-
site. Delayed fracture of atempered martensite structure often starts
inthe form of an intergranular fracture between prior austenite grains,
and accordingly, to improve the delayed fracture resistance of steel,
it isessential to strengthen prior austenite grain boundaries. For this
end, some papers proposed technique such as the following: (1) de-
creasing the contents of elements such as P and S that tend to segre-
gate at grain boundaries”; (2) refining austenite grains by adding
microalloying elements such as Nb, Ti and V®; and (3) preventing
the precipitation of filmy cementite at austenite grain boundaries by
tempering at high temperatures”.

Since the delayed fracture of high-strength bolts results from a
small amount of hydrogen that enters the steel by corrosion, delayed
fracture resistance is expected to improve by rendering that hydro-
gen harmless. In this relation, carbides of Mo, V, Ti and Nb were
found to trap hydrogen in steel? 8. Carbides of Mo and V dissolve
in comparatively large amounts in the steel matrix at temperatures of
normal quenching of bolts, and by making them precipitate in fine
particles during the tempering thereafter, it is possible to use them
for precipitation hardening. In consideration of this, the authors ex-
amined the relationship between the hydrogen trapping behavior and
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delayed fracture properties of steel containing Mo and V in detail 219,
As aresult, it became clear that, under a condition where corrosion
proceeds (rainy weather, etc.), steel containing vanadium carbidetraps
hydrogen and renders it harmless, and under a condition where cor-
rosion stops (fine, dry weather, etc.), vanadium carbide releases the
trapped hydrogen harmlessly into the atmosphere®.

Employing the above-said technique (1) to (3) to strengthen prior
austenite grain boundaries as well as the technique to render hydro-
gen harmless, the authors developed a new steel for high-strength
bolts; Table 1 shows its chemical composition. Vanadium is added
in acomparatively large quantity for the following reasons: during
the heating for quenching, part of it formsinsolute carbonitride, which
pins austenitic grain boundaries to refine crystal grains, and during
tempering at high temperatures, the part of it that dissolved in the
steel matrix during the heating for quenching precipitatesin theform
of fine carbide to strengthen steel and trap hydrogen, thereby render-
ing it harmless.

The authors tempered the steel developed for SHTB to atensile
strength of 1,450 N/mm? and subjected it to delayed fracture test;
Fig. 37 showsthe results. The value of [H ] of the developed steel is
aslarge as 2.72 ppm. Photo 1 compares afractograph of SHTB after
delayed fracture with another of conventional steel; whereasthe frac-
ture mode of the conventional steel is clearly intergranular fracture

Table1 Chemical compositions of SHTB (mass%)
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Fig. 3 Result of delayed fracturetest
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Photo 1 Fractographs of delayed fracture surface
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between prior austenite grains, that of SHTB is quasi-cleavage frac-
ture, atype of transgranular fracture, evidencing that the developed
steel effectively preventsintergranular fracture. With steels that trap
hydrogen using fine precipitates, [H,] tendsto increase. In consider-
ation of the fact that the value of [H ] of the developed steel meas-
ured through the CCT was aslow as 2.31 ppm? and as described in
Sub-section 2.5, the largest value of its [H_] measured through the
exposure test of bolts in Okinawa was as small as roughly 1 ppm,
however, it isfair to conclude that the devel oped steel for SHTB has
agood delayed fracture resistance to prevent delayed fracture from
occurring during usein area environment.

Another grade of steel was developed applying the technologies
of the steel for SHTB and has been commercially used not only for
civil and building construction applications but also for 12.9T bolts
(1,200-N/mm? class tensile strength) for automobile engines.

2.4 Development of bolt shapeto reduce stressand plastic strain
concentration

Fig. 4*® shows the frequency of delayed fracture of high-strength
bolts by the position of fracture obtained through the exposure test
conducted by the Bolt Strength Committee of the Japanese Society
of Steel Construction (JSSC) from 1968 to 1972. It isclear from the
graph that high-strength bolts fail most often by delayed fracturein
the threaded portion, where the concentrations of stress and plastic
strain are significant, especially at the portion of incomplete threads.
In consideration of the above, to alleviate stress and plastic strain
concentrations at various bolt portions while abiding by the basic
dimensional regulations under JSS Il 09-1981'% and JIS B 1186-
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Fig. 5 Shapeand dimension of SHTB

1979%9, the authors worked out the following new design features
shown in Fig. 5, and applied them to SHTB: (1) anew thread shape
(hereinafter called the SHTB thread); (2) improved shape of thetran-
sition from the shank to threaded part; (3) increased radius of the
transition from the head to shank; and (4) a new nut shape. As a
result, SHTB has shape and stress concentration properties quite dif-
ferent from those of conventional F10T bolts.

(1)SHTB thread

In the SHTB thread, which was newly developed based on shape
study by the FEM analysis, the bottom shape was defined as a com-
posite curve of three arcs?. Fig. 6 isasectional diagram of agroove
of the SHTB thread; the radius of the arc at the beginning of the
transition from the flank to the bottom was set at H/6 (H being the
fundamental triangle height), equal to the bottom radius for the JIS
metric coarse screw thread (hereinafter called the JIS thread) of con-
ventional F10T bolts, and the radius at the bottom, where the con-
centration of stress and plastic strain is expected to be great, is set at
2H/3, four times that of the JI'S thread. The pitch, fundamental tri-
angle height, flank angle and outer diameter are the same as those of
the JIS thread.

Fig. 7 shows an example of the FEM analysis results on the play
thread portion of the SHTB and JIS threads; the diagrams show the
distribution of stress concentration factors by elasticity anaysis, the
distribution of equivalent plastic strain under the design bolt tension

Fig. 6 Shapeand dimension of SHTB thread

® Elastic stress concentration factor ® Equivalent plastic strain
SHTB
Max. 809um
JIS
Max. 7300um

Fig. 7 Elastic stress concentration factor and equivalent plastic strain
of thread bottom
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estimated for F15T by elastic-plastic analysis (the hatched areas be-
ing plastic regions) and the maximum equivalent plastic strain. The
stress concentration and maximum equivalent plastic strain are re-
duced in the SHTB thread to roughly 60 and 10%, respectively, of
those in the JIS thread. It has to be noted in thisrelation that, asis
understood from Fig. 6, the effective sectional area of the SHTB
thread islarger than that of the JIS thread by severa percents, which
is advantageous for increasing bolt tension.
(2)Shape improvement of transition from shank to threaded part

In conventional F10T high-strength bolts, the shank, the diam-
eter of whichisequal to thenominal diameter, connectsto the threaded
part without any transition portion in between. SHTB has a parallel
part, four thread pitches in length and having a diameter equal to the
effective diameter, between the shank and threaded part so that im-
posed stress flows as smoothly as possible. Fig. 8 shows an FEM
analysisresult of the maximum principal stress and maximum equiva
lent plastic strain at the incomplete threads, play threads and threads
in nut under a standard bolt tension of 329 kN. Whereas, withthe JIS
thread, the stress and plastic strain increase conspicuously at thein-
complete threads, their peak values there are significantly lower with
the SHTB thread because of the combined effects of the new thread
shape and improved transition between the shank and threaded part.
The improved bolt shape is expected to be highly effective in im-
proving the delayed fracture resistance of the incomplete thread por-
tion, where delayed fracture occurred most frequently at the expo-
sure test of the JSSC.
(3)Increase in radius below bolt head

Theradius of the transition from the bolt head to the shank, which
was 1.5 to 2.0 mm conventionally, has been increased to 2.5 mm for
SHTB so as to decrease the stress concentration at the portion under
astandard bolt tension to alevel comparable to that at the threaded
portion.
(4)New nut shape

As aresult of the increase in the thread bottom radius described
earlier, the shear strength of the contact between a bolt and nut per
thread pitch is smaller with the SHTB thread than with the JIS thread
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by approximately 10%. To compensate this, the number of threads
of anut for SHTB was increased, with a safety margin, to 1.2 times
that of anut for the JIS thread. The increase in the number of threads
decreases the stress borne by the bolt and nut per thread, and is ef-
fective also in lowering the maximum stress and plastic strain at each
thread bottom.

2.5 Exposuretest to verify delayed fractureresistance of SHTB

Asexplained in Sub-section 2.3, based on the understanding that
adirect and effective measure to enhance delayed fracture resistance
of steel isto increase its critical diffusible hydrogen content [H ],
the authors devel oped anew steel having [H ] more than three times
that of the stedl for standard F10T high-strength bolts. The value of
[H_] of the steel for the version of SHTB that was finally launched to
the market was yet higher than that of the steel used for the test shown
inFig. 3.

The amount of hydrogen that accumulates in bolts [H ], on the
other hand, varies depending on the environment in which they are
used. To verify the delayed fracture resistance of SHTB and confirm
the value of its [H], the authors subjected the developed bolts to
accelerated |aboratory exposure test and outdoor exposure test 223,
2.5.1 Accelerated exposure test

Two steel plates, each 22 mm in thickness, were put together
using a specimen of SHTB-M22 (hereinafter called SHTB22), and
many such sets were placed on a Ferris-wheel type test equipment
shown in Fig. 9 for accelerated exposure test. Asthe wheelsturn one
revolution per hour, the specimen sets are immersed in a 3.5% salt
solution. To allow the salt solution to contact the bolt shank, two
grooves, each 10 mm wide and 5 mm deep, were cut into the steel
plates, one on the side of the bolt head and the other on the side of
the nut, and two grooves, 10 mm wide and 10 mm deep each, oneon
each of the two plate sides contacting each other, in a manner to
cross each other in right angles at the bolt hole. The applied bolt
tension was approximately 340 kN (75% of the tensile strength of
SHTB).

A total of 128 bolts of different hot rolling and heat treatment lots
were subjected to test batches at different times, each lasting for more
than five years. None of them failed, although the specimen bolts
rusted more heavily than was expected in normal use. The speci-
mens were retrieved periodically at prescribed intervalsto investi-
gate the change in the amount of hydrogen accumulated in the steel
[H.]. The value of [H_] reached saturation in about half ayear of the
test, but the maximum value was around 1.5 ppm, roughly a half of
[H ] of the SHTB steel.

2.5.2 Outdoor exposure test
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Declerated mc&

Ferris wheel Ferris whe

———
Accelerating liquid : 3.5%NacCl solution
24 specimens per one wheel
1rotatioperl hour
10 minutes fort
50 minutegor drying|

———
I
JAR| S
30 dggrees 30\degrees
/ In

\ 1
— 5= | |45 ¢

Water tank @ Specimen = Water tan|
Side view of ferris wheel Front view of the ferris wheel

Fig. 9 Accelerated exposuretest using Eto-typeferriswheel

I




NIPPON STEEL TECHNICAL REPORT No. 97 JANUARY 2008

B

¥

Photo 2 Outdoor exposuretest in Okinawa

3.5
VHc of SHTB steel = 3.15 ppm

2.5

1.5

Y

0.5 [ 34

20

Diffusible hydrogen content, He (ppm)

40 60 80
Elapsed time (month)

100 120 140
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The exposure test was conducted at two locations: in atypically
corrosive environment in Gushikami Village, Okinawa, and in atypi-
cally urban environment in Yoyogi, Tokyo, using 800 test pieces of
SHTB22 at each site; the test in Okinawa began in October 1995 and
that in Tokyo in May 1996. More than 11 years had passed as of June
2007 and none of the bolts failed at either of the test sites.

Photo 2 shows the outdoor exposure test in Okinawa; the test
siteis some 100 m from a seashore and seawater dropletsfall on the
test pieces on windy days, and as a result, bolt heads and nuts ex-
posed to the atmosphere are heavily corroded. Fig. 10 shows the
change of the hydrogen accumulation [H_] in the bolts obtained
through examination by retrieving the test pieces periodically. As
seen here, [H_] nearly reached saturation in about two years of expo-
sure, and remained substantially stable at the level ever since. The
maximum value of [H ] is approximately 1 ppm, which isroughly 1/3

of [H_] of SHTB. Thiswell explains the reason for SHTB not failing
during the exposure test.

3. Mechanical Properties and Design Bolt Tension
of SHTB
3.1 Mechanical properties
()Mechanical properties of steel
Fig. 11 isan example of tensile test results using No. 4 test pieces
specified in JIS Z 2201 cut out from SHTB. The average value of
0.2% yield stress of SHTB was 1345 N/mm?, that of tensile strength
1452 N/mm?, elongation 17.1%, and reduction of area 51.3%. The
latter two satisfy the respective standard values for F10T under JIS,
14% or more and 40% or more.
(2)Maximum tensile force of bolt
Table 2 shows the results of tensile test of SHTB with a 10°
tapered washer or plain washer on the bolt-head side. The mean value
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Fig. 11 Stress- strain curve of SHTB steel

Table 2 Resultsof tensiletest of SHTB22

Washer type Taper washer Plain washer

Max. tensile force TIA* Max. tensile force TIA?
T (kN) (N/mm?) T (kN) (N/mm?)

Min. 450 1427 451 1427

Max. 461 1458 463 1464

Mean 457 1445 457 1447

Sh) 2.6 83 34 10.8

Number of spec. 81 17

100 -

A, = 316mm?
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of the maximum tensile force capacity, 457 kN, is 1.54 times the
standard value of F10T-M22, which is 297 kN. The reason why the
maximum tensile force capacity of SHTB was more than 1.5 times
that of F10T in spite of itstensile strength being lower than the low-
est standard tensile strength capacity for F15T of 1,500 N/mn? is
that the effective sectional areaof SHTB islarger than that of the JIS
thread by about 4%, as explained earlier herein.

(3) Deforming capacity (relationship between bolt tension and nut

rotation angle)

Aninitia tightening torque of 300 N-m was applied to SHTB22
specimens, and starting from this condition, the deforming capacity
of the specimenswastested by tightened the nuts until the bolts broke.
Fig. 12 shows the relationship between the bolt tension and nut rota-
tion angle thus obtained. The number of play threads was roughly
eight including the incomplete threads. All the specimens failed at
the play thread portion after two nut rotations or more, which is evi-
dence of sufficiently high deforming capacity.

(4)Relaxation properties

Fig. 13 showstheresults of relaxation test wherein SHTB22 speci-
mens were used for tightening three JIS SS400 plates, 12, 22 and 12
mm in thickness (46 mm in total); the graph shows the residual bolt
tension in percentage to the bolt tension at 1 min after nut tightening.
The change of bolt tension was measured with a strain gauge at-
tached to the bolt shank. The residual bolt tension of SHTB22 is
roughly 95%; the tendency of its relaxation properties is substan-
tially the same as that of F10T bolts measured so far.
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100 i
SHTB22, length=85mm

— Mean

94

92

90

50 100 150 200 250 300 350 400

Non-dimensional residual bolt tension (%)

Elapsed time (day)
Fig. 13 Relaxation characteristic of SHTB

-101-

Table 3 Standard of mechanical propertiesof SHTB

0.2% proof stress| Tensile strength | Elongation| Reduction of
(N/mm?) (N/mm?) (%) area (%)
SHTB22 126 or over 140-149 14 or over | 40 or over
F10T-HTB 96 or over 100-120 14 or over | 40 or over
Table4 Design bolt tension of SHTB
Design bolt tension Maximum tensile force
Name
(kN) (kN)
M16 155 (106) 230 (157)
M20 242 (165) 358 (245)
M22 299 (205) 442 (303)
M24 349 (238) 517 (353)
(F10T-HTB)

3.2 Design bolt tension capacity

SHTB, in nominal diameters of M 16, 20, 22 and 24, has been
approved by the Minister of Land, Infrastructure and Transport for
structural applications. Table 3 shows the standard mechanical prop-
erty values of SHTB, and Table 4 the values of its design bolt ten-
sion capacity and maximum tensile force capacity by nominal diam-
eters; the corresponding values of F10T are given between the pa-
rentheses for reference purposes®.

4. Application of SHTB
4.1 Joint design and field connection work using SHTB

Fig. 14 compares an example design of abeam joint using SHTB
with another of a conventiona joint using F10T. Use of SHTB makes
it possible to reduce the size of a bolted joint to about 2/3 that of a
conventional one, which leads to advantages such as reduced struc-
ture costs, shorter construction time and improved erection work-
ability. However, the advantages of SHTB do not show in pin joints
of secondary beams, etc. and there may be cases where SHTB and
F10T are used for the same building. Even in such a case, there will
be no problem of using onein place of the other because they can be
easily distinguished from each other by markings of product name
and manufacturer’s emblem stamped on the bolt head and the differ-
ence in the height of nuts. The fasting work procedures for SHTB
are substantially the same as those for conventional high-strength
bolts of the torque shear type. It should be noted, however, that the
torque for preliminary fastening of SHTB is about twice that of F10T
and that for final tightening is also higher, and for this reason, afas-
tening device suitable for the tightening torque of SHTB must be

Fig. 14 Comparison of beam joint between using conventional F10T
and SHTB
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Fig. 15 Reduction of construction cost using SHTB

used. Specialists of Nippon Steel and NS Bolten Co., Ltd. are al-
way's ready to provide explanations and advice on the use of SHTB
to customers who use it for the first time.
4.2 Examples of application of SHTB

SHTB was first used for the construction of the high-rise build-
ing of Hotel Nikko Bayside Osakain 2001. Its application expanded
ever since mainly for high-rise buildings and large-scale structures
to count more than 250 buildings (about 10,000 metric tons, 15 mil-
lion pieces) at present. Fig. 16 plots the building projects for which
SHTB was used in five years since it was launched to the market by
the type of building; the size of circles corresponds to the weight of
bolts used. The product has been applied mainly to building struc-
tures that use frame members of large sections such as high-rise of-
fice and multi-purpose buildings, commercial complexes of large
column-to-column spans, and plant buildings and warehouses for
heavy floor loads. Steel-framed reinforced concrete structureis used
for most of medical facilities and hotels. Because of limited story
height and other conditions, constant-outer-dimension, wide-flange
sections, either rolled or welded, of 490-N/mm? class steels are often
used for the beams of these types of buildings, and open sections
such as of an H- or cross-shape for the columns. As these beams and
columns are usually connected using bolt joints, this type of struc-
tureis suitable for enjoying the cost reduction effects of SHTB.

Photos 3 and 4 show erection work of alarge shopping mall
building of a composite structure having columns of concrete-filled,
square hollow sections and steel beams. About 140,000 pieces of
SHTB were used for beam joints, and the advantages of SHTB such
as smaller number of bolts per joint, shorter fastening time, smaller
and lighter splice plates, improved workability and work safety greatly
contributed to the erection of the whole building frame weighing
7,000 tonsin as short as 40 days. In addition to the above benefits,
which were envisaged from the devel opment stage, there were unex-
pected secondary benefits such as neat positioning of mounting pieces
for outer wall panels. Photo 5 shows an outer diaphragm plate for a
beam-column joint using SHTB, designed to enhance seismic resist-
ance with the use of continuous columns and reduce manpower for
welding. Roughly 200,000 pieces of SHTB were used for this build-
ing to connect beams 900 to 1,200 mm in depth to joint diaphragms,
which made it possible to reduce the projection of the diaphragms
from the column surfaces, minimize required steel weight and im-
prove transportation efficiency. As described above, SHTB is effec-
tivein promoting development and wider application of new design
and erection methods.
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Fig. 16 Actual application of SHTB by building use
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Photo 3 Building erection using SHTB
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Photo 4 Beam joint of shopping mall using SHTB

Photo 6 Field welding

Use of SHTB makes it easier to fasten ultra-heavy and high-
strength sections together by bolt connection asshownin Fig. 17. As
an dternative to site welding (see Photo 6), which requires skilled
workers and high-level quality management systems, SHTB is ex-
pected to significantly contribute to quality assurance of steel struc-
ture. Although presently used mainly for building structures, SHTB
is applicable, with hot-dip galvanizing or a primary rust prevention
measure, to structures exposed to more demanding environmental
conditions such as bridge structures and steel towers. Hot-dip galva-
nized SHTB (12GSHTB®) has been commercialized and was used

Photo 5 Beam-column joint using SHTB
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Fig. 17 Column joint using jumbo shapesand SHTB
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Photo 7 Bracing joint using 122GSHTB

for seismic reinforcement of steel towers for radio transmission as
the first application. 12GSHTB is expanding its commercial use for
applications such as building structures not covered by roofs and
walls. Photo 7 shows an example of 12GSHTB applications where
it isused for bracing joints of alarge warehouse.

5. Closing

This paper presented a new high-strength bolt product, super-
high-strength bolt, “SHTB®”, having a strength 1.5 times that of con-
ventional F10T bolts and is excellent in delayed fracture resistance.
The product makes it possible to reduce the size of a bolted joint to
about 2/3 that of a conventional one leading to advantages such as
reduced structure costs, shorter construction period and improved
erection workability, and thanks to all these, its use is steadily ex-
panding principally for high-rise and large-scale buildings. The prod-
uct lineup of SHTB now includes corrosion-resistant and high-fa-
tigue-strength bolts, and in addition, new types of building struc-
tures based on SHTB technologies have been proposed, triggering
the development of new building structures. Its application is ex-
pected to further expand from the field of building structure to cover
all types of steel structures such ascivil construction and plant struc-
tures.
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