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SLIP COEFFICIENT OF BOLTED JOINT IN METAL WORK AND ITS APPLICATIONS

OB R oRM, W EORE 0 MR RO, '
Miku KUROSAWA, Shoichi KISHIKI, Akio SATO
and Nobuhiko TATSUMI

Metal work refers to a series of processes that manufactures and constructs various metal finishing materials. In this paper,
three steps of fundamental experiments of bolted joints in metal work were conducted. The test results show that the slotted
hole reduces slip coefficient by about 30% and the slip coefficient of the surface treatments for rust and corrosion prevention is
about half smaller than that of the surface in high strength bolted friction joints. Furthermore, from the experiments on the

examples of metal finishing materials, the structural safety of the bolted joint against external forces was investigated.

Keywords: Metal work, Slotted hole, Bolted joint, Slip coefficient, Exterior finishing, Balustrade
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Fig.1 Examples of metal finishing materials

(a) Exterior finishing
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Fig.2 Dimensions of standard specimen (Type1)

Table2 Mechanical properties of specimens in chapter2 and 3

Thickness o, o Y.R. £y

[mm] [N/mm*]  [N/mm?] [%] [%]

12 294 453 65 29

58400 288 424 68 28
12 275 647 43 51

SUS304 269 667 40 50

300

250
= (=1

O : T O
o
© L-shaped jig

0 (Eg Screws to measure q ID}

e

the displacement
404 |© ~AP M12 (F8T)

high strength bolts

830

Washer-type
load cell

Washer x3

Fig.4 How to measure axial force of bolts

Specimen list in chapter2 and 3

The shape of bolt holes

(a) Typel (b) Type2

Surface treatment

=

(c) Type3 (d) Type4 (e) Type5 (f) Type6

30, 30,
40

: &

‘
‘

{

i

T
I

Outer pl. : round x2 round vertical slot horizontal slot vertical slot horizontal slot
Inner pl. : round x2 round round round horizontal slot vertical slot
(i) Hot dip galvanizing (HDZ) 5 5 5 5 5 5
(ii) Hot dip galvanizing with phosphate 5 o _ -~ 5 5
coating (HDZP)
(iii) Electroplated zinc colored chromate 5 o o 7 5 5
coating (EP)
(iv) Electroplated zinc colored chromate 5 o o o 5 5
coating with rust resisting paint (EPJP)
(v) Satin finished design coating of stainless 5 o o - 5 5

steel (SUS)
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Fig.5 Load and deformation relation of slip coefficient evaluation test (in case of HDZ)
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Fig.6 Slip coefficient obtained from slip coefficient evaluation test
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Fig.7 The value standardized by y of standard specimen Type1
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Fig.8 Slip coefficient and initial tension
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ARRIROT XY LRECTER L TR L 72 A Fig. ISR 7. [KITiX i 77 DEERF E TIZO~40%FEEIN T LT 5. RERTIILE S
BROICHE SN D, EREILOTR0REICKT 2 EAm v M‘L(T/V TWRWEEDAHT ) S OB AR OIR TR TR EHDOIEH
LD BERRDBBEOE D255 LN T) D9 R0 ARE D & b O #pH XO—KELTEZDBND
TRLTWS,

P, (@ AERERICONTIERD. —kiC, @ORL MEEERE Lo 4L Q : This zigzﬁxgz Egﬁ)‘;?eil }gﬁi)

BRIV TER SN DTN ARENT0.450) F19TH L D3 LT, O : Previous experiment (Round holes)
i%ﬁ%@i&h&#%@ﬁﬁ%?@ofwg.mﬂﬁ%bo%
(HDZ) (2 35\ TR MUBR OB & s % &, BB & 06 |
RV AR E IARIC LTz Type2 Ti, 3R 0 AREAMEHERBR IR b~
T2EMEEMR T LTV D, WD 2 WX & B oliFic 2w » k |
AT TR F?L)TAK BILTIE, TR0 REDPREHITIRTLT 0.2

DE;FE Eq.(2) (Hokugo et al.19)

W5, SO, BRERD & EP O WORREROE, £ XS ) B ke
ﬂW@@WCiE¢W%T%J.ﬁ%,ﬁmﬂﬁixmybﬂ%iﬁ 0 50 100 150
IR TR EA R R TH Y, REBUZ TH  Type3~Typebldxi4: Fig.9 Slip coefficient and surface roughness
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WNT 0) BEFEOERGE R 225 &, T REITT~<T0.58 1 e[ FBOVLONO Sty [ BOTRONT M b
EHRLTHY, Amy MUCBH 5T <0REESESHEFLT ] oo L[e=0279] 7
NB I EBD. (a)zli%ﬁﬁ‘ﬁ*%k (b) BEFE SRR o T 5 o, o gjag% o o i o
L, GRTHEICET 2R MEAROT R RIITES o xkx T [ ool
WS, EEE BB LS R NEREA O ENRETHS. — 04 »‘2" 04t YU LR
%, Any MUCBT 5T R OREOE TR AR MEBEES o, 2 s 02] E,?,F*" o
& RFEZ RN T EBND. . o pﬂwl[ -] . | /’m, Hea [
33 BEARNOEE 0 06 08 1 0 02 04 06 08 1

R S DEAIET) & TR AR5 D BMGE & F H L T L 12 Fig. 8107 (a) Previous regression Eq. (2) (b) Proposed Eq. (3), (4)
. KO, RS E ORBFERTH Y, BT RL N o) Fig.10 Comparison of experimental and calculated slip coefficient

Table 3 Previous studies on slip coefficient and surface roughness

Evaluation index . calP sl carP % R. u
Year Authors Surface treatment of surface Nominal Type of steel Number U  mini
No. diameter of bolt of data pper row: minimum,
roughness Lower row: maximum)
1987 Wakiyama Grit l?lastlng, Sand Ry R, M16 (F10T) SS41, SM50 923 0.09 0.647 0.16
9) et al. blasting, Sandpaper 0.2 96.6 0.50
1996 Kamura Grinding, Grit blasting, 37.9 0.37
10) and Hokugo Shot blasting Ry R, Ry M20 (F107T) 58400 30 0.8 92.6  0.63
2011 Mori . 0.54 8.6 0.17
1) et al. Blasting R., R R M22 (F10T) SM490 98 047 1571 076
1990 Noguchi Grinding, Grit blasting, 29.9 0.34
16) et al Shot blasting Royaes R-, R, M20 (F10T) SS41, SM50 60 0.8 006 0.76
1995 .. . 29.2 0.29
o Tsujioka  Shot blasting Ropar R-, R, M16 (F10T) SS400 24 0.85 a0
1996 Kamura . . . 50.1 0.45
18 and Hokugo Grit blasting, Shot blasting R .. R-, R, M20 (F10T) SS400 18 0.8 994 056
1999 Kohashi Blasting, Hot dip R M16, M20, M24 88400 18 0.74 21.4 0.50
19) and Satou  galvanizing (phosphate g (F8T, HDZ) 0.88  95.7  0.68
2008 Mori Shot blasting, Inorganic (53.3) 0.34
20) et al. zinc rich paint, Organic Ra M22 (F10T) SM490 4 0-58 (113.1)  0.68
2011  Kuwahara . . . M22 (S10T, Ultra high 0.29 29.1 0.42
21) et al. Grit blasting, Shot blasting R, RS, S14T) strength steel, 34 0.67 844 0.71
2014 Tamba Blasting, Inorganic zinc 6.3 0.19
29) et al rich paint R., R R M22 (F10T) $5400 30 054 — = 067
2015  Yagihashi Grinding, Sand blasting, (7 015
23) et al. Belt sander Rer Raor Ry M16 (F10T) SUS329J4L 24 05 (100.9)  0.76
2016 Tkeda Grinding (Hot dip R M16, M20 (F8T, SS400 6 0.58  (23.6) 0.30
24) et al. galvanizing) - HDZ) 0.72 (28.4)  0.43
The parameter shown in red were used to evaluate the maximum height roughness. ¥ Slip coefficient for design 0.45 is used!?.

R. in parentheses is obtained using the conversion formula in 11).
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Emp eaves [m
M 7 Height to attach WIN]
the wall [m] -2000-1000 0 1000 2000

Fig.11 Exterior finishing Fig.12 Wind pressure

Fastener : L-75x75x6 Furring strip : L-50x50x4
M12 (10.9 or 4.8) 100

(L |F :
[ RGN

w Eccentric distance (=70)

Fig.13 Dimensions of specimen (Fastener and furring strip)
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(b) DHANE (3) 2, (4) KT L > TR L 72T~ A5 ety otlea T
B BINTIE, TR RO R AR D FEERIE D B SR T = 2
+to, £20, 30 MHRTRT. ()T DEHER AL () &L
TRRNEL RS TVD DD, (a), (b) & HITIEBDERRE N
ENRYID . RO TR RIEAR L MLE Y O o X0 L b0
ANENOETFORES2EICL Y, BEEOERGER LY iz s o
ENVREL Lo TVELDEZZOHND.

4. SEMOERY FITEDEER

ARETIE, BB THFICBT DR MEAEO B R AF D1
H & L THMEM (Exterior finishing) ®HLY 1 (Fig.11) 2 %4 &
L, AV NEGEOHE MR A FT 5.
41 REDEBETNYEEY

F9, SEM ORI O R MESEISER T2 TS &
H3 5., BENWTK L TAL MESHOT R 24 L SERVE
&, (DRI TR BEHEOLEEHITKATERES.

S
HEWSIN N, )

RE, R MEGEIIIG ORI NI (EN=N,) O 1H E
B (m=1)Th v, BEHOAMERIIIm2E T 5. Fig. 12173 PE
B A AET D L, IEERHC2350N, AJERHC 17T10NREE O JRTE A
MEFHHAEE ) E LTRSS (@ & Lo @ S 0, Sk
MO HTEE & HI230me L2GA) . £, EARIN IS E
AL~ (M12 GREEX574.8)) O FEIREN) ORI THITd 5 20kN & 32
&, BT RO ARE g X IEERFC0.12, AJERFZ0.0855 72 5.

Table4 Mechanical properties of specimens in chapter4

Thickness o, oy Y.R. &y
[mml] [N/mm?*  [N/mm?] [%] [%]
6 295 441 67 35
SS400
4 362 490 74 40
6 301 669 45 60
SUS304 4 281 661 43 62

Table5 The number of specimens in chapter4

Strength Loading Surface treatment
of bolt direction HDZ HDZP EP EPJP SUS

5 5 5 5 5
5 5 5

10.9

+
oot ot

5
5
5

4.8

110 110

Screws to measure
the displacement

Load cell Pinii
in jig
ol Al
2 e
[im]
(=]
0
- Fixing ji
o o o gng
220 180
340

Fig.14 Setup of experiment on exterior finishing



Evaluation range of

P slip strength P,
Pmax I 773 7777777777777
| (iii) =
} Bolt holes after loading
| ..
P Gi) (i) Furring strip and fastener deform
§ i\ | elastically.
WARS | .. . .
@ Y] } ! (ii) Slippage corresponding to the
/| 0.2mm offset | clearance between the bolt and
II || stiffness | ) the bolt hole is observed.
! 1
< (iii) The load rises due to the bearing
0.2mm  Clearance between pressure of the bolt.
bolt and bolt hole
(a) Overview of load and deformation relation
g P [kN] 25+ P [kN]
i ,' Designed clearance } P
[ ———
T -
oL w 20
\‘ }
,ﬂ\ 157 } Suspension
4T I v ] of loading
l'} 10 }
pas ,' i 3 Slip strength Py
5 I
[ ]
'1 } 5[ ] B W}‘nd pressure W+ 5[ ]
0 ! } { 0 } } H } } {
0 1 2 0 5 10 15 20 25 30

(b) Positive wind pressure

Yield of the furring strip edge
g P [KN], 25+ P [kN] ‘ v

i // Designed clearance }
>
. 20 1
ot/ |
| |
|1 I
/ BT |
41 I |
il 10+ |
a |
2+ /’ } 5 ] Slip strength P,
0o i
0o ) [mm] MDd pressure W— § [mm]
‘ [
(R o ——
0 1 2 0 5 10 15 20 25 30

(c) Negative wind pressure
Fig.15 Load and deformation relation of experiment on exterior
finishing (in case of SUS)

42 HBAOBMELERNTA—4

ARERIRO LA Fig 18103, aBRIRIT, SMEE L & 3R 5
#% (Furring strip, %50 [LJEEALA0x50x4), FEEHAICED £1< 7 7
2 (Fastener, 20 (LK LT75x75%6), 36 & OVl & O 1)
PV M Lo TSNS, 2 b DA, T»hﬁuﬁmf«
WZHEAT LTI DA 261 DBEIRAAE L 2 Z & DR 5 I
&Ebt.77xfﬁi@%ﬁ@%ﬁﬁ;ﬁﬁ@%ﬁﬂﬁﬁ%@ﬁ%
R & FRRC — A A F A (SS400) £ 72134 —2A T F A RRAT V
L 24 (SUS304) Th 4. BRI L7 7 7 2736 L ORI
WG, JIS-12BAIRERER T K 0 15 5 7o BRI A TabledlZ R,
ARERIKD—FE 4 Table5IZ v s . FEB/NT A — X IRV MEGHOD
KEMEL O, AV hOME, B L ORI 10 Ch 5. FiLHx
2.28NC/R LA RIATH Y, HRv MIFEOEMI20 & /1R /L R Y
M FEBRYRHCE IRV FOATRRETH 722 L HIRER Sy
10.90¥ @AV b &), & ka@@TJMﬁWMEﬁfﬁé
¥, HiE T»b@ﬁT:4& CEF—RARD DD TH D
Uo7y e —aMESHETWS., HfFHIL, SHEMICERT S
JRJE S OIEERE, AERFEIE L2 M &1 5.

O:All data(10.9)
@ : Average (10.9)

:All data (4.8)
: Average (4.8)

4 [-] Slip coefficient evaluated by Eq. (3) and Eq. (4)
0.57

047 ;
0.3+
02 8
0‘1;
0 ] t t t t t t t t t t

[e]( sfe}
(o( (o)

D
O @0
O@O
O OB
€ Do)

Loading 4 _ + - + - + - + -
direction
Surface  HDZ

treatment

HDZP EP EPJP SUS

Fig.16 Slip coefficient of exterior finishing

4.3 BEAEELEHRIETE

RKEREDOE v b7 v T EFig 1R T. 7 7 AFIEEEREA N L
T, I E B BN L CERZRBRISICEET 5. BL koff
DAHTIE, FFORMI12E AL N (GRIEX554.8) DR REl T 0K 7E]
ThHkNZHIEL L, 2ETRLEZY v vy —Bo— Rk
DIEET S, ERRIE, JEME (EE) F 72135 5R (BJE) [~ IR &

T 5.
EERPIE, B8R T OFHI AR CBAE & FEEREO Eimo
FISHENL 2 RV FEEAR RO TRV ESE LT\ 5. 2 2T, ST

TENDHTD, EBRTH LN ATEA Y
PRINAZFET D A

L7 7 AT BIKROENG
RO FIAMIPED0.2mm A 7 & M EAR & i B2 i
FCORKMEZTRVIMHIIE LTS,
44 REMSITKDZTARYFRHOFA

3ETIE, &R LHFITBT 2RV MEAHOREM SN DT %
O 2R Lic, REBRORBRIEIZISN T HIRKRE SHSRZHIE
LT@A, @WXZEAT DL, 0.18~0.31REDT Y {RH 55
N5, T, 41 THEE LB <0 £k LE-> TR Y,
JEINZKRIFT B RN MEGTHOT RO EIUIMR TE 5 b0 L TRE
ns.

45 WEERERF

TR E VLN EARERE, A7 v L ADE % Bl Fig.15
Y. oMt IET AP TH 0, BllIREG & 7 7 2 ot
BAoTH 5. (a) 1L BAFBIROME, (o) IZEMHA GEML) R
FER, () IF51EHA (R RORE R TH S, (b), (o) OLEMIEHELT
YHOFRERTHY, 0.2mmA 7 ¥ v MilWEZ BAO TRL TV
%. (b), () DFAMITIHK T ETORETHY, 418 THEHB L
TS WE F s L OHFAO— S8R TR LTS,

BE DT Y FREGEM BRI & b 5 & IR <,
0.2~1.0mmFEE TT R Z ko THIPEDME T LT\ 5. 5IiRHAIE
ZiE, BRLZHHZ VT T AL THEAMOT I L W ERN
AT L, ZOBRITIFREICBIT L CRBMICm AR EHLTnd &
BER oD, RKEBITIE, IHGOBIA o v UL L & 55 O R
REERIZE VM) OR TR A ST T2, iz T Lz, 728, £
M L VXA O — SRR 2 48 L EER R s B+ 5 2 &
TR D EJ- Lz=8, EBREPI LT,

46 FTRYZRHK
A7 & RELBLZ & OFT XYL & Fig 161077 . BEAETHRL
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ToE IR MY &R TR L@ AL hORERITIEE AL E
o THEY, ANV FOBEIZLDENTITEALAE L TN RN E
DD TRDRBUE, RSN D o X ORI 2 BRI Z AR
R B WMEIIC D D . ZAUEBRHEATIRICE 7 7 AT BERT 5 2
& TRBRE Sy ORIV b EESTBIZESN T O WBER L, JEfERR
L0 ANV NOEANRENPME T T 5720 THLEEZLND.

41N TR D Te BT RO R E g+, % ZNENHREE LOF
BOEBRTRL, 448 TREH S 2 5RO T=T 0 LRI O A
KETRT. ERFEROIFZE A EPKREA TR UIZFFICIE > T
L2 Emb, R MNEGHE —EmEAWE LI EIC LT R0R
BAOEBIT/NINZ LR inD . £iz, TRVEEOIES & %25
L THRERAEN % LR DFERMGEONTND Z &R 0nD.

5. F9Y DY FIFEDER
ARETITATEICH & Fix, &R TFITBT 2R MEATO B
Mz Amo2->H & LTF 7Y (Balustrade) @ B 0 £+ 15
(Fig.17) Zxtge & L, A MEGH ORI FER A Eii T 5.

51 FFYDBRESL—F

B S0, ABOTFEIC SN TET 0 ITA L D KEME L4y
Hr L, TableblZ /R T F9 0 ORES L — REREL TN D, RERT
1%, B9 0 OFF 5T (Handrail) © 3 FRI B ELEE 2 1m & 0E L,
Table6lZ7~ L7zl % 2 D F FHRE O SR &3 5. &FTIE, F
T OB AT TH DAL NESEIE, KINTR L TRy 34k
CRNEDICTHLERDS.

52 HERADOHMELER/NSA—4

HBRAROTEM % Fig. 181277, aBRIKIL, T30 DY 178 4
L7eRL MEGETH Y, SUROBEIC L 2BEEEAHEE LT 1
T EEHA LTS, Bk, F9 0 1 (Baluster), && L5
Y < 7747 > b (Bracket), 38 L ONli# Z i H 1T 5 R0 bz
XoTHikansg. F9 0 FI3EImm, 1H65mm, #51,330mm
DS E L, 777w MIRE12mm ORI & & BE%E~OHA %3
RNHTY RTL— BB T =T EH & e > Tnd. T
VFRBIOT T 7y FOMEL, TR0 REGHmRER ORI & [
BRI — et AR (SS400) 7134 —ATF A FRAT LA
(SUS304) TH 2. RBARIHERA LTIV FRBLOT 77 v ~MZo
WC, JIS-1ABIBRERER 7 L 0 15 A7 BPEHRF: & Table TR .
HBRADO—FE & TableSIZ Ry . FE/ST A — & TR MERTED
RANFOFIE & RV N ORECTH 5. FREMFRIT2.28112 8 L7125
D S b, BRAMEHD > & (EP) X RV 4R TH S, RV DR
JEIX 42601 LT- 2B TH 5.

5.3 HEEAEXLEHRE

REBRIEOE >y b7 > 7%, FHAEHAEZ e TFig 1910 R 7. BRI
1T, T90 290 S S CTARFICERE L, KA E (Reaction
jig, Wrim : H200x200x8x12, & & : 1,530mm) & H\\ CRABRER Sy & 72
BEAMAREY HEE TS, RBRKIE7 77 v Milz KR
WO HUESICEE L, 90 HUE AR5 o E R SIS iE L
TR W B OFAHTE B (Loading jig) ZHikt L T\ 5. #kBalk
1%, 777 v NeRIJNgEID, FT 0 A2 s EIC 2 EE L
7212, EBRGTH DR MEGEHOHMD T 21T 272, RV R0
FEOAHT X, 4% & FERIC20kNZ HEE L L CEHET 5. EBuY, 1
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P Subject of experiment Handrail
| |
— t :
|
Im | : Im | Baluster
| |
| |
| |
| |
| |
| |
: : Bracket
| |
dd 7 lbe ke
L ]

Fig.17 Balustrade

Table6 The grades for strength of balustrade®

Load
Grade [N/m] Remarks

0 "Fence" that does not apply out-of-plane load
i S A B B 7 v T

1 735 Minimum load for handrails
FI 0 DEARIYE
General load

2 B0 pendim

3 1995 Load related to evacuation

WEEEIT B2 b D

Load equivalent to "Evaluation Standard for
4 1470 Quality Housing Component" for handrails
BLEEFEFG I T30 FEUE(DFR Y
Load between (1) and (2)
BLILHED i O fiE
Load equivalent to "Evaluation Standard for
6 2940 Quality Housing Component" for handrails
BLEEZE 11 F9- 0 EEVEQ)H Y
Larger load
S BICKE 2pfr B DS D LA

5 1960

7 2940=

Table7 Mechanical properties of specimens in chapter5

Thickness o, s Y.R. &y
[mm] [N/mm®]  [N/mm®] (%] (%]
12 307 457 67 29
4
55400 9 296 419 71 28
12 288 648 44 52
SUS304 9 294 652 45 55
9 Table8 The number of specimens in chapter5
T Strength Surface treatment
of bolt HDZ HDZP  EPJP SUS
5 5 5 5
10.9
5 5 5 5
5 5 5 5
3 48 5 5 5 5
3 -
i
67
M12 291
(10.9 or 4.8) g = N
12 -
>( < o
—
S fols -
- e|N L
200 106 |

Fig.18 Dimensions of specimen (Baluster and bracket)

0 FHBNEIS N & o THEIMIETE T D F7 0~ O BRI T 5.
ZERLEHZ, MERIZENL & U O L& DS AENLd, 7T 7 v b &

BB R OBEE Sy OE AN, dAaF L, KINGROLER 28R

ELEFTYVTOEBAZ RN LVEHT 2. 2o, M Eri3sh



L (=1250)

a (=100)
B2 Screws to measure
the displacement

Lateral bracing

1B

Xd,, dy are the average
of the displacement at
the front and back.

L
R ==P
a

(7

_L-a
a

R, P ®)

RO E, HARNV MLEILBT 2FT VLT Ty SOt
BN OB LG D, BV DT R0 @ %R d 5.
54 REMSICEKDITANYRBDTFAELESTNYFRE
(N, O &V RDTZLINTH LTHAN MEGHOT Y 24
LRV E &, TN EEOBEHITZNENRNTEED.
1 L 1 L

> Z.po=—.2.pP
M= >N, a © N a (9)
1 L-a 1 L-a
> . . =— .
= m-ZNl. a Fo N, a Fo (10)

Z T, PgliTable6llmd 7 L— RUCAY % T4 0 OESMTE
Th5. Figl9TR-TL, ak ¥, T30 O HTEHAT~0ITx L
TRAETH LI, BRI MEAETTIR0.46, THIA/L NS
HCIX0.420FT RV R A FART IR T DL ENH 5.

—J, RFEBROFBIKICBN TR S ERAZREL TE)A,
WREBEHT 5 £0.16~0.23E DT Y REN DAL, ik L7z
VETREHERELS FTHES TS ZERD5. LER-T, T
TODRET L — b THREND AT, KAEBRTEMATS

£]H P
-U 1 { 1 \\\\\¢1é\‘ll
=0
Reaction jig e [100] 4 (b) After slippage
Fig.19 Setup of experiment on balustrade Fig.20 Mechanical model of balustrade
257 P IKN] Suspension of loading 6T R, [kN] 30&, [KN] R, KN}, 30 R, [kN]
A v Slip strength P, Designed clearance Slip strength P,
s F 25 J =5 25+
$ @]
20+
15+
15J
T s,
I 10+
N I — = R 5o SRS — - S A i |
A [mm] /0, [mm] L0, [mm]
0 t t t t { t { b t O t i
0 50 100 150 200 250 02 0 2 1 0 1 2
(a) Overall behavior (b) Behavior of upper bolted joint (c) Behavior of lower bolted joint
Fig.21 Load and deformation relation of experiment on balustrade (in case of HDZ)
O:All data(10.9) ( :All data(4.8)
B EmEEZiEET 5. 0] ‘Elip cozeff)icier(lit eva(lu)ated @ :Average(10.9) @ :Average(4.8)
d +d d —d a H|-| by Eq.(3) and Eq. (4
A=d, — u2 L ua 1.[L+5j 6) 1T Grade 4
0.8+ Grade 3
2T, LIRS TR b ETOMR, o3 R FREEETH 06k Grade 2
5. RIRIED 14 E 7 1 % Fig 2010 7T, RIS T 5 AL MG I \ S Grade 1
S Lo b = e e s : )
WP AEE T DL LIRET D E, T 0 OmESMGEP S LRV 02”7”4? v — §+
M, TEAL MOEIZBT D2 KIR, RIFKATROEND. 0 . . . L

Position Upper Lower Upper Lower Upper Lower Upper Lower

Surface

treatment HDZ

HDZP EPJP SUS

Fig.22 Slip coefficient obtained from experiment on balustrade

T AT TR SN AL MEATOT R EHiE EE D H 0
LEZLND.
55 WEZMER

EBRE DN EATERERE, WRliEh ) - % (HDZ) ORER
RZ&BICFig.21Zrt. RoftilimE, SiliEEcdy, (@)l
FI 0 OESMTEP & F3 0 T OERADBE, (b) X EEBA/L MiE
\ZF1F D IR, & FARIENL S, DR, (1T FEBA/L MIEIZB TS
IR E AR ZENL GOBIERTH D, (b), (o) DAEMITIX, TV it
Ze A L 7= e 9 O R 4 R g

P TT0OREEEEHRD L, BN 10mmLE, ERMICT S
L 0.01(1/100) rad 2 7> & 3 X VTR K 3 5 MIE DK T3 & 5
% . ZOHBLHC NN EH LT, ZIEA200~250mmAR ) & R
v N DOZERE~DOBATI D BRI O LA BHRTED. L
ML, ZIUFEFRMAIZ L T0.17~0.22(1/6~1/5) rad & FEFHIZ K& <,
SEIRREIC IS A1t /1O EAEERE EIFF T & TidenE vz
%.
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WIT, RNV NMEAGMOZEEICER T2 &, EEHARL MLEOZES)
&, RIEBRE FERICHEA 7 v MLEBEA 7 v MMLAMA G DE 735
DTypeb, Typeb & 1FIEE LWBEIHREZ R L TWD Z N0 5.
Fio, EEAL MIBEOET L FF 0 OSEREDHRELL VWD 2
L, BTV OTFEIL AL MIEOPERIZ SR ST
HEVWZD. —J, THEEARL MIEICE T 2HAERITNEL, 20
fEZEEEFLOE LTRETORER LTS LI bNA.

56 TRYZRHK

RV ME & R Z & DT 0 425 % Fig. 2200~ . B TR
U7 v MRS & IR TR L7z iR L b OFERIZIEE AL
EHRoTHEY, RV hOWMEIZLDENMTUTEAEEL TRV
EMWIIND.

54MIC TRLIZ (XA HNCTET Y O/ L— KET D%
BUICHR L7 2 RO ER TR L, RAMI D HROT 0 {7
BOHPAZ KT ERERIIKRE TS 2%, —MOFERITK
BCR LI E ERl> TWD 2 Enh, AV MESEEZ —HEA
Wre L7z 2 SI2 XD T _RORHEA~OEBI T NS N R ahD. —
HC, EREROK LT L— RUTHY T 5T X0 R TFTH
L. LEER-T, B0 O TV CEETREZEIE LA
VM ESERAT 25810, T OXRMEENEEZ RO 5 2
L, BEAmAEQAETHE, RV NE Yy FEINT TR AZRET 5
CEEOMBPLETHD ENRD.

6. F&H
ARBFFETI, & TEEEE LoARL MEATEO TR0 (R

RERAEEML, TR0REE BRI FFBER LN L. F

7o, ANEM B LOFT 0 LRSI & OB AT L FRETT

W, @R THEICBIT DRV MEGHOBEA LR Lz, LTICE L

TEREE LD D,

[1] &R THFEEZETE LAV MESTIZBWT, AL MUK
L ThH-TH, JSIHMIIEE S D ARV S AR Z 28D 5 1R
WD T & TR REII2FIR IR T L, £, Av MR E
1AL LT, 3dbh Eoxa y MLERMAT D &0 (25033
FRERT L7z

2] &ETFICBWTEM SN IENRFEMIIC LY fEfk S
NHRKE SHERITIS~2pmOHATH Y, T 085K
0.20fEEEThH 7. T b, EARNV MNEEESTICHRE L
FOREND LML il 5 & VIS RIS T 5.

(8] Y ARE & ok S S ISR 5 WEE O B & A EBRORS
RBEHET, QX @WRICLVFTREKOBEmE R LT,
727120, @B IFICHT R MEAHOT NV RRAEAE
ORBAE N OFHTHEHAITE, ED2&DOREENLEN
LRREZETDUENDD EVZD.

[4]  SEER OB (T EAEE L KR T, TR A EEL
TR HEUE 103 BANEM OTLD FHT O ARV A I
AT 20 0%FHT 5 &, TROVBHDMERNAERHZB N TS
+3 7T RO EHE L TND 2 ERFhoT.

[6] FHYVoOmAWEICKITHLEICHETIMES L — RHL
I 5L, RERTERA LT 47—V TIEFT Y Ok
LLTRILNZT L—R1E FREI-7Z. LER-T, FF00
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B T EIC B W TS LR A AR LA M EEE M E R
FTHHBAIL, T30 OXFFRRERREZ kO 5 2 L, Ak E
ETHIE, RNV Iy FRIRT TS 52 &%
DRRPLETHD.

Eifz

ABFFEE, HAAIT IR R RIS B 52 GRS« 21712852)
O ZZ T TIEMUE Lo, £, ERITAALE THERRME
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Metal work refers to a series of processes that manufactures and constructs various metal finishing materials. When
metal finishing materials are bolted to the structural frame, it is common to use slotted holes to absorb construction
errors. In addition, the surfaces of the components are also painted to prevent rust and corrosion. In recent years,
there has been an increasing demand for abolishing the post-construction welding process because the repairing
process can be eliminated and the fire risk is reduced. On the other hand, previous studies of high strength bolted
friction joints in the field of architecture and civil engineering have pointed out that the slotted holes and oversized
holes reduce the yield strength of the joint section which causes the joints to slip early, and the roughness of joint
surfaces also affects the slip resistance.

In this paper, three series of experiments on bolted joints in metal work were conducted. First, from the fundamental
experiment reproducing slotted holes and surface treatments peculiar to metal finishing materials, it was found that
the surface roughness R, of 5 to 25 um and slip coefficient of about 0.20 were secured in bolted joints of metal finishing
materials. Also, the slip coefficient of bolted joints with slotted holes is about 30% lower than that with standard holes.

Second, the results of the experiments of exterior finishing material have shown that the slip resistance of the bolted
joint is sufficient against the wind pressure expected for medium-rise buildings. In addition, it was observed that the
slip coefficient of the tensile loading (negative wind pressure) was lower than that of the compressive loading (positive
wind pressure) because the bending moment generated in the specimens varies with the loading direction.

Third, the experiments of bolted joints in balustrade were conducted. Compared with the grades for strength of
balustrade based on human behavior proposed by Manabe et al., it was found that the bolted joint details in this study
could not have enough slip resistance against external force. When using a bolted joint that eliminates the welding
process for the balustrade, it is essential to narrow the support interval distance of the handrail, use two joint surfaces

and provide a large bolt pitch to reduce the reaction force.
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