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Clamping force of a high strength bolt is reduced by a certain period of time after the initial set-up. In case
of special treatments on faying surfaces such as protective coating, clamping force is relaxed more severely.
Tests for slip critical joints subject to various faying surface parameters were conducted. Five different surface
treatments were tested including mill scale surface, blast surface, rust surface and coated surfaces. Each specimen
was composed of F10T M20 of high strength bolts and steel plates. Based on the result of slip coefficient test,
blast treatment surface showed 0.59, rust treatment surface showed 0.54 and inorganic zinc treatment surface
exhibited 0.44. Clean mill treatment surface and red lead paint treatment surface were 0.23, 0.21 respectively.
It is identified that the slip coefficient in Korean structural design guide should be determined for various surface
conditions. Subsequently from long term relaxation test of ASTM A 490 high strength bolts, relaxation of no-coated
surfaces such as blast, clean mill, rust treatment, the loss of initial clamping load was 10.5%, 13.6% and 7.9%
for 1,000 hours, while the loss of initial clamping force was reached as 15.0%, 18.7% more than the required
redundancy 10% in case of inorganic zinc and red lead painted treatment. It is required that the limit of relaxation
on coated faying surface should be established separately for various surfaces.
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EVALUATION ON CLAMPING FORCE OF HIGH STRENGTH BOLTS BY COATING PARAMETERS OF FAYING SURFACES
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Fig. 1. Description o

f specimen.

Table 1. Specimens for slip coefficient test

Specimen Bolt Faying Surface Treatment Quant}ty of Number of Number of Tests
Specimen Bolts
2KFM-1,2,3 Mill scale 3 12 6
Red lead paint

2KFP-1,2,3 Torque-shear type (Coating thickness : 65um) 3 12 6

high strength bolt Inorganic zinc
2KFZ-1,2,3 (S10T) M20 . ; ) 3 12 6

0 =85mn (Coating thickness : 128um)

2KFR-1,2,3 Rust 3 12
2KFB-1,2,3 Blast 3 12

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.2, 2012

49



HWAN SEON NAH AND HYEON JU LEE
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Table 2. Specimens for long term relaxation test
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Fig. 2. Load-displacement curve of axial force for high strength
bolt on mill scale surface.

i uantit i
I'D.Of Faying surface Coating Thickness Species of Bolts - Q Y Amb.l gnt
Specimen treatment Specimen Bolt Condition
R2KDFM Mill scale - 1 4
R2KDFP Red lead paint 125 um(4.9mils) Dacro- coated 1 4
.. . torque-shear type Indoor
R2KDFZ Inorganic zinc 96 um(3.7mils) high strength bolt 1 4 exposure
R2KDFR Rust - M20 (#: 85 mm) 1 4
R2KDFB Blast - 1 4
R2AFM Mill scale - 1 4
R2AFP Red lead paint 125 pm(4.9mils) ASTM A490 1 4
.. . heavy hex high Indoor
R2AFZ Inorganic zinc 96 um(3.7mils) strength bolt 1 4 exposure
R2AFR Rust - M20 (£ : 85 mm) 1 4
R2AFB Blast - 1 4
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UAAYd W AIFA (2 KFM Series) o T3t v] 1187
AAE A= Fig. 29} #o] u]11838}5°] 167~175
kNolglow (2]1) 25, u119A5+E 0.23~0.245 4
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1A As & GFS VA= Ao E e, ojuf 7}
LBEO 3 A& Ha 7% A 12%°] o123tk
% 5 AlFA (2KFR Series) o] th3t A3= n| 114315
°] 389.2~394.6 kN, "|I1H A= 0.54~0.55% A4
At = B A9 dEAFTI A AL =
| 1AL HYE 0.45~0.70°0.% FH L3 A48
AL ATH(ALL, 2003). m=7 Y 3] EES 3] A7
< Grit blasted, exposed (short period) Z12] w11 A
T A 0.548 AR A3E BT (Kulak, 2001).
A o] A FHERIE, T dotd e 1o
SubEAel wet Frpr A s AR 2, 2udEHE
AFH o2 w7t o H ek
A ESAE A[RA| 9 A= Ao S39E AlASH
W o % ARRE AL QLo T EE o A= ]
H3 =2 v AT RVt 7lest A g

HAE gHoA v ATE 0.40~0.75H =5
AASFaL QlaL, ‘Guide to Design Criteria for Bolted and
Riveted Joints’, (Kulak, 2001) ¢l ¢]3}4 Grit Blasted%
AeA vl 1A FHAE 0.49, A A

Table 3. Slip coefficient test result subjected to faying surface condition

Specimen Faying Surface Clam}c()g\%) Load Sli}()k;]‘;) ad Ma)((l.d\?)oad Slip Coefficent Desl:rr;}égl(;g of

2KFM-1 178 175.0 810.4 0.246

2KFM-2 Millscale 178 168.0 803.2 0.236 Fracture

2KFM-3 178 167.0 817.3 0.235 at Main Plate
Average 170.0 810.3 0.239

2KFP-1 178 139.9 811.5 0.197

2KFP-2 Red lead paint 178 145.8 801.7 0.205 Fracture

2KFP-3 178 168.2 809.9 0.236 at Main Plate
Average 151.3 807.7 0.213

2KFZ-1 178 313.2 800.7 0.440

2KFZ-2 Inorganic zinc 178 326.2 805.9 0.458 Fracture

2KFZ-3 178 319.8 800.9 0.449 at Main Plate
Average 319.7 802.5 0.449

2KFR-1 178 389.2 783.9 0.547

2KFR-2 Rust 178 394.6 794.5 0.554 Fracture

2KFR-3 178 388.9 778.4 0.546 at Main Plate
Average 390.9 785.6 0.549

2KFB-1 178 4335 810.9 0.609

2KFB-2 Blast 178 408.8 808.7 0.574 Fracture

2KFB-3 178 418.5 808.3 0.588 at Main Plate
Average 420.3 809.3 0.590
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Fig. 3. Comparison of slip coefficient test results with other
criteria.

Table 4. Relaxation of dacro coated torque shear bolts
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ol &S it 5.2%, T44A17HE Ht 7.3%, 1,0004]3F
A71Eol e He 8.9% 7 SHHQILE AntAo R
gz vu BE Fods RS Ao A3
Aes Bolx| ¢, 54 Seso] gtk o)y
3k @¢lo] FFEE 9 178 kNS EIE 3Halalo] A4
kel

bl A7]E BAAGeh 25 5o W] osl Al o]

il
b

ol ot
o o
£
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HQIE A& (R2KDFP) ¢] 168417 A715¢
Bt 28.4 %, T4447F o] €HE-2 32.5%, 1,000

A3} w7 R S AEs] Zioh e e
Al8A] (R2KDFP) o] AlZb-=8wsts A= Fig. 47 2

o} o] AEAlE g2, FHxo] ofd Unk AIFA =6

Long term relaxation rate(%)
Specimen 168 H. 744 H 1,000 H Surface
ours ours ours
- ’ a)/(c a)/(b Treatment
@) (b) ©) @/(c) | (a)/(b)
Average 5.20 7.3 8.90 )
R2KDFM — 58 71 Mill scale
Standard Deviation 0.216 0.364 0.545
Average 28.38 32.59 34.93 )
R2KDFP — 81 87 Red lead paint
Standard Deviation 2.767 2.839 2.880
Average 10.2 10.8 12.85 o
R2KDFZ — 85 95 Inorganic zinc
Standard Deviation 1.833 2.056 1.823
Average 12.60 13.3 15.40
R2KDFR — 84 95 Rust
Standard Deviation 0.775 0.760 0.300
Average 4.58 7.4 8.70
R2KDFB — 53 62 Blast
Standard Deviation 0.525 0.534 0.560
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1000 Hours Relaxation
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Fig. 4. relaxation of dacro coated torque shear bolts on inorganic
zinc surface(R2KDFP).
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Fig. 5. Time dependent relaxation of dacro coated torque shear
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Table 5. Time dependent relaxation of ASTM A490 bolts

Long term relaxation (%) Surf
. urface
Specimen 168 Hours 744 Hours 1,000 Hours
- > a)/(b a)/(c Treatment

Average 8.4 12.2 13.6

R2AFM 62 69 Mill scale
Standard 2.120 2210 1.168
Deviation
Average 13.0 16.7 18.7

R2AFP 70 78 Red lead paint
Standard 0.497 1.602 0.586 P
Deviation
Average 12.1 15.0 15.0

R2AFZ 81 81 Inorganic zinc
Standard 2329 2.446 1311 g
Deviation
Average 54 7.9 7.9

R2AFR 68 68 Rust
Standard 0.263 0.278 0.283
Deviation
Average 7.0 9.7 10.5

R2AFB 66 72 Blast
Standard 0.818 0.832 0.718
Deviation

s000% | 1,000 Hours Relaxation (R2AFP) ’g‘ﬂ',j_\.E _;:}_Efi A]@d;‘(ﬂ (RZAFB)QJ 168A]Z_]_— 7Q—7]—_%l—a O]
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soox | _ . o i

et ps o 59 A7)E ol kg Wit 105 %07 epd), oA

AFTTRRA AR R A
80.0% f I IR NN

Relaxation (%)

75.0%

70.0%

65.0%

60.0%

o 100 200 300 400 500 600 700 800 900 1000
Elapsed Time (Hour)

Fig. 6. relaxation of dacro coated torque shear bolts on red lead
painted surface(R2AFP).

Comparison of Time dependent Relaxation Rates (ASTM A490 bolt)
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Fig. 7. Time dependent relaxation of ASTM A490 bolts.
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