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Synopsis :

In the steel scaffolds for the special repair of the Great Buddha Hall in the Todai-ji
Temple, the field clamping of high-strength bolts, Kawasaki's F10T, was performed by a
newly developed bolt clamping method, namely, a so-called "slope detection" method, in
which the differential change of clamping electric current is detected to control the
electric wrench automatically. In connection with this project such extensive
experimental works as the field measurement of the bolt pretention and the
experiments on the joint specimens were performed. Main conclusions are summarized
as follows: (1) F10T bolt has sufficient deformability and resistance to delayed fracture.
(2) The scattering of pretension of bolts clamped by this method is considerably small
compared with that by the conventional calibrated wrench method. (3) Bolt pretension
attainable by this method is high enough to ensure the effective pretention against the
expected decrease by relaxation. (4) Through the static and repeated load tests of
full-scale structural joint specimens, the joints showed a sufficient strength superior to
the maximum design stress. (5) By checking the recorded electric current supplied to

the electric wrench, the inspection of the clamped bolt can be eliminated.

(c)JFE Steel Corporation, 2003
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Synopsis:

In the steel scaifolds for the spesial repair of the Great Buddha Hall in the Todai-ji Temple, the lield
clamping of high-strength bolts, Kawasaky's F10T, was performed by a newly developed bolt clamping
method, namely, a co-called “slope detection” method, in which the differential change of clamping
electric current is detectsd to control the electric wrench automatically.

In connection with this project such extensive experimental works as the field measurement of the
bolt pretention and the experiments on the joini specimens were pertormed. Main conclusions are
summarized as follows:

(1) F1OT bolt has sulficient delormability and resistance to delayed fracture.

(2} The scattering ol pretension of bolts clamped by this method is considerably small compared

with that by the conventional calibrated wrench method.

(3) Bolt pretension attainable by this method is high enough to ensure the effective pretention

against the expected decrease by relaxation.

(4) Through the static and repeated load tests of full-scale structural jeint specimens, the joints

showed a sufficient strength superior lo the maximum design stress.

(5} By checking the recorded electric current supplied to the eleciric wrench, the inspection ol the

clamped bolt can be eliminated.
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Fig. 1 Schematic relations among nut rotation
angle, bolt tension and electric current
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Table 1 Specification of wrench and accessories

Model Mitsuhisli{ eleét;ic Wrench controller " Bolt tlghtemr-l-,; recorder
wrench TW-22A WC 22A WR-22A
7 F:C;WCI' source S Singte phaqe dl;‘l;;;\.f; current IOGV 50 BOHZ o o B
?elgli‘lzat?c:ﬁ voltage —15/~—+10/ of rated voltagc
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Bolt (JIS Z 2201 No. 4 test piece) Bolt set
Bolt size o
YP TS El RA Pr '
(kg/mm?) (kg/mm®y (%) (%) (1)
X 105.2 111.8 18.5 68.0 17.64 0.170
M16 a 1.26 1.51 0. 86 0.93 ¢.35  0.0039
n=2z v 1.19 1.35 4.66 1.37 1.98  2.29
X 103.7 110.4 18.4 66.8 26.42 0.132
Mz0 P 1.28 1.14 0.71 0.95 0,39 0,0027
n =62 v 1.24 1.03 3.86 1.42 . 1.47  2.04
X 104.4 111.0 18,3 66.3 32,23 0,131
M2z P 1.27 1.08 0.70 1,20 - 0.36  0.0027
n =52 v 1.22 0.97 3,83 1.81 L1l 2.06
n : Number of lots TS : Tensile strength
X : Mean value El : Elengation
i+ ¢ Standard deviation RA : Reduction of area
v ; Coefficient of variation Pr: Bolt tension (wedge test)
YP : Yield point k. Torque coefficient
(0.2% offset strength) H : Hardness
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Table 2 Mechanical preperties of bolt set (F10T, J1S B 1186-1970)

Nut

H
(HRC)
25.6
1.14
4.45

25. 4
0.89
3.50
25.6
0,79

3.09

Max. height
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Fig. 3 Steel frame section
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Washer

H
(HRC)
35.9
0.99
2.48
40.4
1.00
2.47
40,4
0.89
2.21
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Photo. 1 Front view of construction site
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Table 3 Chemical composition of bolts
(wt?)
c si Mn P | s Cr B T
Bolt designation : | )
x 100 x 100 x 100 x 1000 ‘ x 1 000 x 100 = 10 000 = 1000
F10T M20x 55 22 i 26 : 77 13 18 64 23 17
14 14 61 23 13

F10T M22x80 23 25 . 78
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Table 4 Heat-treatment history of bolts

Belt designation Quenching Tempering

F10T M20x55 860°C, 60min 440°C, 90min

FLO0T M22x80 :860°C, 60min . 445°C, 90min
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Fig. 5 Relation between nut rotation angle
and bolt tension

Table 5 Dimensions of bolts

e _ {mm)
Bolt d851gnat10n i d, i H ‘ B i D, ! x s
Fl[)T MZO * 55 19.85 12,80 31,50 30.20 5530 3.10 3830
FI10T M22x80 21,83 14,00 35,70 34.40 80,20 3.00 43,40
)
Table 6 Mechanical properties of materials and test results of F10T bolt
sets by bolt testing machine
Bolt YP : Tb ! El RA H k L! Pl Pumx l’}mu.\c Pm;\\'/PL
0 .
{kg/mm*) (kg/mm bx (%) (%) (HRC) (mm) (t) () (deg) (%)
M20><55 102.9 1096 15.0 68.0 32.5 0.125 29 27.9 24.9 245 89 2
M22 < 80 105 5 112.0 17.1 64,2 32.0 0,137 45 32,8 30.9 239 94,2
L, Gr1p length Puux o Max, tnrs:onal strength
P Max, strength (direct tension) trmax : Angle of nut rotation at Puouy
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Photo. 2 Bolt tightening by electric wrench

Table 7 Changes in holt tension during successive tightening (H-300x 305 x 15 < 15, F10T M22x80)

Bolt number

1 2 3 4 5
1294
5 o2 2.4 301
503 209 299 294
w4 291 29.7 29.2 287
5 203 29.8 29.1 28.5 29.9
2 6 292 297 291 283 29.7
g? 7 291 298 291 284 298
§ 291 29.6 29.1 28.3 29.7
9 291 29.6 29.0 28.3 29.6
No10 290 295 290 28.3 297
N, $4 117 97 84 90
0 110 100 110 120 110
N, N, 210 184 197 203 20.9

6 7 8 9 10

30,2

30,0 30,1

30,0 29,9 26,0

299 208 28.8 23 4 N o
23,9 299 288 283 27.7 233 079
0.8 10,1 1004 9.1 10,7 9.8 1,05
105 105 106 105 90

19.4 200 186 193 17.G

N. : Final tension after second tightening of all bolts in the same block (t)

N, i First tightening tension (t)

/1 Nut rotation angle from first to second tightening (deg:
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Mﬂﬁﬁ&mmxamﬁ+»}ﬁﬂ®uaog 139

WA FofEy Fig. 6 CHRT5. 7K
93%&3&5’6#33‘1.@*» b D2 EREESIT LS A |l
NOFERIEEL 5 2, T, A MTR L &G
S HOREIT LILET, 2EERE, Thbb
B pRES GRS GE—E0MAarEA T h
Bo =4, 1HEDHS 2EEHIZELF » + 1
&ML, F100°CH LA, Zhit Fig. 5 ¢4
MEntc L 5ic, A4 FOWAE (B OFe
ALEID1I%F 7ty M) CEIFHEYST 20
fThY, TomioRE TSty s D
BN E e ES Ll b AT b O T Hh
4.,

E B, WO ATNEERRM AL, TR
FEARRE & IE B4t~ 7 = » + 4T, Fig. T

Tt Lo £ b, ARRBESE L DM SR
THOEER ST s S & atdnd, Lichis
T, AT ORGSR ST E, M

Byl il e R e A, {’Pfﬁf{h&ﬁbi
DR R A (BRI D) ARk 5
Table 8 &bk 52/ %

ACKEERN B L RUE, AT R L B
2 P G- DB TR AL L

At D kL, LT & 2 e o
LD EORGTHD, T /g4, Table 8 &
B, AR 1 REFOI IO B2 2 B EN BB

Table 8 Bolt tension obtained from field test

()
Bolt ! Splice Tig_h_tening . Fu‘it tlghte:g_ . Fma] tlghtemng ) B fN‘uml?er of
| position N | " vy N I o - pleces
UF Downward| 9.25 | 192 2075 238 ' 05 | 1.97 | 70
F10T LF ‘Upward | e.3 167 | 1829 29.26 057 | 105 | 59
M22x80 | Wy Honzontali 5.02 | 0.92 1832 2000 | 059 . 2.08 | a7
| Totml |  — 8.08 | 246 30.44 | 29.26% | 0.59% 2.02 . 176
F ' Horizontal I 8,55 | 1.72 20,11 23.39 0.84 3.59 | 44
F10T e :
| W, Downward 627 | 1.46 23.32 | 2360 0.71 | 3.0l 12
M20x56 — . S S _ e .
Total -l soe ! 191 zmes  2mm 0.82 }

UF : Upper flange
LF : Lewer flange a
F : Flange
Wy,L : Web of main member, lattice member

N : Mean value of bolt tension
: Standard deviation of holt tension
v : Coefficient of variation (%
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Table 3 Measured bolt tension obtained from field test

; Bolt e Final tightening (6
Group Member Tightening equipment Position [-—— . —Tem ___Eh___:l\lfun_]ber\______ . g, (,,' o
: . . en, of pieces 37
I _ Designation iy SEEEON e e
Ur IR ¥ 201 . 1.8 i 8.96
MU .65 122z 20 9w
. Girder Torgque wrench — - - ; |
s FLT W7/8 65 28 19,55 1.2% 615
G, (8 500DBE) |- ! L [ R B
oML 7 01z o203 18 | 9.3
CLF | .85 28 189 L9 1001
ur | i 80 ¢ 20 | 203 - 12 509
[ [ R S
. MU w080 12 | 202 I 19 o
Girder H Hydraulic wrench T i” - T o s e
' S |FLIT W7/8] 70,80 40 19.1 1.6 8. 38
G (T-1208) . O IR
[ ML | | 70,80 | 12 19,7 1.5 7.61
Lo B .
I LF 125 56 | 20.3 1.1 542
i ! ! 1
1] N h T - T T - - i T S i - A—
! : - UF | RS U - U B U A O
| MU | 6 1z , 171 16 936
} Girder ;| Impact wrench pr e oo T ) T -
c | S |F1IT W7/8) 65 28 18.0 2.5 13,89
G, - (5340TO) | R T PR
: ML ‘ 75 12172 0 24 1395
S i , ‘
‘ LF | 5 | s 180 L7 | 944
: UF .75 16 | 20.8 2.4 1 1154
MU | 65 | 1z a7l oz 1Les
Girder : Impact wrench T oo T T -
S  FLIT W7/8° 65 28 208 | 2.2 1058
Gy (K-N type) e o I R - R
ML 75 12 21,7 1.3 | 5099
LF o5 %2 1196 2 o6z
— I S— —_ .. - . - R P S . - . S—
UF i 145 82 | 286 0.8 280
: | MU 80 12 295 0.8 2,75
"' Girder . Impact wrench s : o o
0 $  Fl0T M22 75 71 30,0% 0.8 287
Gx (TN-25P) . SRy Ty s T
‘ | . ML 80 12 202 0.8 . 2.84
i | oL . o R .
5 L 13 66 . 279 - 1.3 - 4.98
i UF 80 70 2938 0.58 1.97
p  Colwmn . Blectric wreneh Wy Fl0T M2z 80 | 47 - 2909 0.59 ° 2.03
Gy (TW 22A) —— T o L
‘ LF 80 89, 29,26 057 1,95

MU : Upper moment plate S : Shear piate ML : Lower moment plate

A, BTOPRSEILAGE, 7o iR, b SEHFAEL REL D o bl S B E <
pONEIZ e D, kL v I L AT IF RN 3 A (=8-S S AN B M | Al R A
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Balt tension (L
1]

Goal of tightening

SR IR
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i L S N I SN ) N S NS SN Sy BN N S B S R U [ TP o |
UF MU S MELF UFRAMU S MLLY UF MU S ML LF AU S ML LE UF MU S AL LE UF W LE

Torgue wrench  Hydvaulic wrench Impact wrench

‘8300 DBE 1 T-120%: 5340770

Impact wrench  Impact wreneh Electrie wrench

TN typel VEN-2500 TW-223%

Fig. 8 Scattering of bolt tension by different tightening methods
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AR TTOGTIRIAR, Ba 1 Tt
SARHE B Ll ko3 ilBradigE L 7o
RBEEA NS L5, BT oERRMS &L
A w0 S TREA T, ELA A L R oA
AN FIRIL-C, 1ol — gk oo fE « DFF T &

LT AhERA# 2y - AT 0B D X5 M
Lic, Fio, #X0R8BRETH, R ez m
AL CREA R A T A R et SR B R
R R A S e e i (A e A
]ﬂmtmm%A%%<wmﬁ%%@ﬁﬂw@)%
Hu TR L7,

foks, AT BRI O, Ax S AT
DN TiEv e w P T AFOS EHMRES B4
{ F TR =0T 0 RS L L
7o

4-1-2 BREER

FENHETFR 0 WER O RS 4 Table 10
ATA, T R A - B&47ﬂ*®m@m
HL L0, FEHLofROREAYFIRIE
EOfE e at, A-BaA 7Fm’1’§"§’f\b£%§‘»’€
tEAEULENTIE EZBR A, 05
RO o, A - Bz o FRICEEE R OREE
MR LIETHD,

AF A kst ik, e TDAT S
A ATV — FAEET L7, B a o FER T
7§v§@xfa4%fv—bﬁ&WL,Mﬁn
HFEMO Y = 7 AMBE L, wFhos o
FELFTATOFENA PRI L CESTH -
#- (Photo. 3, 4 £W).

wis, EeEBE T S B R4 Table 1142
AT, ﬁhPJu&tckm’w
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i-%n _______
45, 8080 135 80 80 4

e
—_—

N

* 4o

—
e —e—2 c[
2 =

|

|

v es| T

Te i 34

-

—

—_—

2-RB210xX12%565
12-H.T.B.M22 % 801 F107T)
UK

2-R230x25 X975 !

973

2-P 23025 %973

977

2000
\<.?85

TBJ o
o Bolted for siip test
(a) A-Type (static)

305
10T 40

---m-f«{- =
I -P 80 <6 %305 |
4-H.T.B.M20 ><55(1‘10 T
&00 A
. _ 4400

1-B 1509 X305
8-H.T.B. \[20/<5‘3(F10 l) F

N'!
\ 4(] 85 F ‘
- e Bolted for slip test e
(by B-Type (static and fatigue)

2-B100x16 % 87¢|

o_wm4@

[ —

X16 X870
870

M 2 B100

H-150%150%x7x 10

Fig. 9 Test specimens

Table 10 Slip test resuits with full-scale specimens

| Bolt tension | Slip load

Number of

Test specimen i Tightening method faying surfaces ‘ ) | (t) ‘ Slip coefficient
H-300%300%15x 15 | \ | ‘ i
F10T M22x 80 | ‘ |
A1 ‘ Calibrated wrench | 28 | 22,6 ‘ 341.5 0.54
A2 Slope detection ‘ 28 | 29,3 427.8 0.52
A3 Turn-of-nut | 28 ' 29.5 | 4390 0.53
H-150% 150 7 % 10 ' ‘ |
F10T M22x55 | ‘ | |
B-1  Calibrated wrench | 6 ‘ 18.2 47.8 0.44
B-2 ' Slope detecticn | 6 ‘ 23.4 YO8 S 0,46
B-3 | Turn-of-nut | ! 25.0 70.4 0.47
: Ao ol : = 1 :
P.l:—l——fn‘uNo (13 b, A (1E) 13: IO
v £ A e D4 A MR
el (N (yi=1, fivi=2)
P FF&T 0 il (t) R EETEOAL P AR
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ABilis 1 7o~ hic i+ a4, 5
HIEC b BT 0% B2 Tk 0, #50% 20
R ERTOL,. S5, BRI
T4 B e SRRy T 4. BTk oik
V24 DA ORI B A AT kil )i b )
LD, R L OF o FoR L0000
K- AR e b 2L L T25~30% 00 [ A

W B i s etk L ' THDL 2 EN
Table 11 Y o8 &pTHh 4.

Photo. 3 A-type test specimen after fracture
4-1-3 RARBRHEICLIEEESO U T
ATEUF 4

POz, e RIGik B X O A R e
LTLOBEEGDOVSATE YT o &, U0
Hom LW Ot 2. MG T o 5 17
U7 it HT AL M ESRE T S E o
WF e Lo THEXR DA, OO T, =P
EOLIHEHTEL O ETE, T, Hit
OFFET DTSR LC, KB D i i

Photo. 4 B-type test specimen after fracture R s L r R .
RO SRS &, Ko fRER ikl
ot EeNh iR Zra
Ny o B2 A bl )y (1 Fa PR G, HEGATCR S
(FIOT M22: 20.5t, M20: 16.5¢t) (Fig. 7 &),

Table 11 Comparison hetween experimenta! and calculated loads

) i . .
Test spesimen - Tightening method By D ome Ny g B B ‘ Pl ‘ SFis
! ' ! !

8F, [.,‘ SF, ! 5F.

! L } T

300 %306 16:. 15
FI0T M22 <80

‘
\

Al | Calibrated wrench 1 R | 52 26 0.5t | 6346 | a2 L !
A2 Slope delection i I8 ‘ a2 24,3 0,52 477 792,13 ‘ 7153 ‘ 1.63 2,37 1,49 i 2.1
A3 . Turn-of-nut ‘ 3115‘ 52 2.5 . 0,53 _ 31:5_0; ‘ 171 2,45 |

H 150 % 150 7 < 10 I ‘ ! ‘ !

F10T M20.. 55 i ; :
B 1 I Calibrated wrench 51,8 ‘ 12 18.2 j 0,44 . 96.1 1.07 1.85 |
B2 Slope detection l 50,9 ! 12 234 | 0.6 89,10} 129_2| M54 145 | 248 } L3 | 2w
B3 Turn-of-nut B A | | MLO | Pass | o2 i

P Max. design load for compression SF.g, : Safety factor, Ps/P,

N : Design bolt tention SF.y, : Safety factor, Pi/Fc

Fn 1 Slip load calculated by standard specification? SF., : Safety factor, /P,

P 1 Slip load calculated from test results SF.s, : Safety factor, Pr/Pc

Pr i Fracture lead (test results)
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Fig. 10 Influence of the number of bolts in the
tested joint on the undergoing proba-
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Table 12 Fatigue test results of full-scale specimens

P (B oy {t/em?)

Test specimen Loading patterns e dy (mm)
JE .
B-1 H 184 900 110 0.45 3.8
B--2 171 900 93 0,20 3.7
B-3 120 000 93 0,22 3.7
nc : Number of cycles to failure §y : Displacement after slip
P : Slip load of fatigue test gy @ Stress in splice plate after slip

e R

Photo. 5 Fatigue test of B-type specimen
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