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Analysis of the influence of the pre-tension loss on the constant-amplitude

fatigue performance of grade 8.8 M24 high-strength bolts

JIAO Jinfeng' ,LIU Zhanxiang' ,L1U Dan' ,L1U Yong®* ,GUO Qi' ,LEI Honggang'
(1. College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Shandong Electric Power Engineering Consulting Institute Co. , Ltd. , Jinan 250013, China)

Abstract: Constant amplitude fatigue test and numerical simulation were carried out on three groups of 24 specimens
of grade 8.8 M24 high-strength bolts made of 35K under the stress ratios of 0.3, 0.5 and 0. 8. The corresponding
S-N curves were established based on the test results, and typical fractured high-strength bolts were selected for
macro and micro fractography analysis, mainly focusing on the influence of the pre-tension loss on the constant
amplitude fatigue performance. The analysis results show that: for one group of bolts under the same stress ratio
and stress amplitude corresponding to the pre-tension torque change of 100 N + m, the difference between the
allowable fatigue strengths at 2 X 10° cycles is 11. 35%; the characteristics of fatigue fractured surfaces are
obviously related to the pre-tension force, and with the increase of the pre-tension, the color of the fatigue fractured
surface darkens, the area of the extension zone expands, and the roughness of the instantaneous fracture zone
deepens; The location and magnitude of stress concentration of high-strength bolts are less affected by the pre-
tightening, while the location generally agrees with the constant amplitude fatigue fracture location; the presence
and absence of the loading device have a significant influence on the stress of the high-strength bolt, and the
corresponding maximum stress difference first decreases and then tends to stabilize.

Key words: high-strength bolt, pre-tension force, constant amplitude fatigue, stress concentration, fracture analysis
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Tab. 1 Basic mechanical performance of high-strength bolt

WOERE E O JRIRGRE £, BUhisE /.

R AL 263 GPa 588.1 MPa  786.2 MPa
F 30 e (2 — 600 MPa 800 MPa
AHX iR 2% — —1.99% —1.73%




51

TR, SR TR STt 8. 8 % M24 i R AR H IR A 55 1k BE S0 4 b 37

1.2 AR

AR YR T vp B A I er e B SCER[2 ] o
M24 o 5t 2 W W 55 a0 I e e L — B,
& 2 proc. REEAE MTS Landmark 370. 50 fa] IR i
FEIE 55 I b e e, SR IESZK B I, it
RONT Hz, WEHGE N RF WAL, @l =

HAE BT IR, IR UG HT, S — gk
| B as (BATE
IA 200 mm
‘—’lg =
z .
/27 E
. L s
ol
g e 7 oL
: M245 e — : o M24ygie
. Ak I | <
£
" b
1 F7 A7 Ao 200 m‘:n;‘

BRI T o T K P B, A N [ E R A O AT R
PEAESE G, KN E Sk B R e Al N MTS X
BBk, AN E X, T s i e e
BSREEANE, b d i b N e 0 0 i g
PLEOAE S e A% , 0 v A i 00 M24 ey 5t B2 A
AN b N 2 Al B g A fL P DL AT
AN

ES AT
200 mm 1
] 5 BRI R TR R
) WHMMES TR R
.
2 nE \ ‘ 7 H
= = H
e ¥ ;
}
2T
V €
70
g A2
3

200my

(c) MT SS9 57 BG4

(b) Jer 2 B A w1

B2 SEEERESTRRESE
Fig. 2 Fatigue test equipment of high-strength bolts

() INIAT S o e R

1.3 MEAWFHES EN

ORI PR O T MR, — k4 E
FERE R, BYATRER d FIRR TR N F K1,
HAX M= (D) PRt

T=k-F-d (1)

Ao AODHAEERE, ToRA, SRR AR
BHRR, HRIBEREAAFEHER 0.2 d
HATER, 24 mm; T R, N - m; F i
B, N

TEBRAEFFE B U8 AR 3k 20 mm 40X BRAT JE P
ACHT T T, R B 1) A8 4 Rk Bl ) % B
HE TG, BN E A 3 k.

B3 mERUETEE
Fig. 3 Diagram of strain gauge position
W der W A% P Je . T R R A A R L,
I AR R 5 WA 2 G WL A . SR HH R T
AR, W TEEILT S5 R 2ZE, -2 ET,

UL 00 2 RS B R B L DR, 5 SR G A
U5 R 785 i T LA B4 o W 0 S 7
EF. [E B, R S, PR AR AR
SEFAB R E RN TF 100 pe.
1.4 RAEEEHE

ARUCHE 35 R B B F7 0 00 ) JE T RS E
TR R R OCR TR T RE S SN MBS IN &,
PESE 8 L 1R R Ay 7 T R 5% B0 28 )
[RIEF 43 M E 0.3, 0.5, 0.8 =FhR H (B &
ﬁpﬁﬁmﬁ

(o}

B e R 2t R=

2 REHH

2.1 RBEHAK

it Wi M24 i B R 0 W R AL
BEAPR, BRI RIE R (] 4) AR SR AT MR £F
ik B 5 — N REUAL R AR TR, X R AR TR 5F I
W) EEMIAER, A 18 DNURAE; 5B bR
T (I 5) A BREAL 7 A 45 R R4 RIS T AH I R 58
AW, SRS A R E R ENL R, R A
S 0 37 0 A AT RO MR BE 45 5 B0 5 — MRS AL,
G 6 MIREE, BB MMRIES L KA TN
ARV



38 [N = S S NI = A9 =F S 0 Y %54 %

2.2 HIRER

Gy IPLA AN RS2 D7 b o R AR ) SN b
&, M HEX MR KB 2X10° R 4 LA
R JTWE T B 6 Fros, ZEEFRALE 1006 LN, o]
V) Z0 % I 7 b e 95 55 75 s 58 2 R4 R
AR EN N E A WEOF IR AR A B
IR EBER R AR SCE SRR TR
MHFMA I, 255G R, X

. Q \#/4 2 Q . A

Fig. 4 The first fatigue fracture type 28r — R03 !
=0. !
-=-R=0.5 !
2.6 - R=05 1
_—y I
!
2.4 = '
g 2
%2.2 G
a2 ) 21

20f iR
i
I
1.8F 1

1 1 1 1 : ]

4.0 4.5 5.0 5.5 6.0 6.5
le N
B 6 AEMALLEE SN HLZL
Bs5s EF_HMESHAES Fig. 6 Comparison of the fitting S-N curves under
Fig. 5 The second fatigue fracture type different stress ratios

x2 EFRRBRER
Tab. 2 Fatigue test results
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AR WAL R g AN/10* K EHor /% GRS
Ac/MPa F/kN T/N-m N/10" X

1 0.3 M24-0. 3-17 150 38.3 250 56. 454 7 —1.630 —2.97 2 JTuR AR TR M
M24-0. 3-13 53.6 350 54.822 3 VAL I 3 K

2 M24-0. 3-18 170 41. 4 270 30.384 2  —13.400 —44.10  FZSIURLA ER W 2L
M24-0. 3-15 56. 7 370 16.983 5 2 JTUR LR TR M 2

3 M24-0. 3-02 190 36.8 240 13.951 7 +4.030 +28. 89 W2 AT 5k K
M24-0. 3-19 52.1 340 17.980 7 32 IR LA R T R

4 M24-0. 3-04 210 39.8 260 9.101 1 —1.020 —11.21 WAL AR 3 K
M24-0. 3-20 55. 1 360 8.084 8 Z FTVR LA T I

5 0.5 M24-0. 5-22 150 39.8 260 40.287 2 +12.091 4+30.01 32 JIURALC AL ER T 2L
M24-0. 5-07 55.1 360 52.378 4 WAL AR I 3 K

6 M24-0. 5-23 170 39.8 260 21.765 7 —2.842 —13.06 2 J7UE S0 T
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10 M24-0. 8-18 115 23.0 150 40.144 5  +15.661 +39.01 3 L My 24
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Tab.3 Comparison of test results and numerical simulation results of the bolt strain values

Emax / pE min/ p1e
i 5 s o N o
A5 R FEM /% R FEM wRE/ %
0. 3-22 717.0 1120.0 56. 2 713.0 574.0 19.5
0. 3-23 1999.2 1821.4 8.9 979. 4 911.0 7.0
0. 3-24 1627.0 1454.9 10. 6 660. 2 463.0 14.7
0. 3-25 2 565.3 2 286.1 10.9 1599.9 1173.7 26. 6
0.5-17 1 466.7 1 350.0 8.0 699. 3 440. 3 58.3
0.5-18 1628.4 1 538.6 5.5 780. 8 489. 3 59.5
0. 5-19 1917.0 1759.2 8.3 733.8 575.5 27.5
0. 5-20 2 077.5 1932.9 7.0 1 016.4 623.3 8. 15
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Tab. 4 Comparison of the bolt stress with or without the loading device

T2 0 2

A A

W% )y F/kN
W F/ W7 1185 KAl 00 /MPa

FLHEPOLE R KA o /MPa

0 o/MPa /%
T N1 ZE4H o/ EHER/%

0 591. 2 722.3 131.1 22.18

5 591.9 722.3 130. 4 22.03
10 592.6 722.3 129.7 21. 89
20 593.9 722.3 128. 4 21.62
40 596.5 722.3 125.8 21.09
60 599. 2 % 1 BRZOARHR AL 722.3 55 1 IREUR AL 123.1 20. 54
80 601.9 722.3 120. 4 20. 00
100 601. 8 722.3 120.5 20.02
120 601. 8 722.3 120. 5 20.02
140 601. 8 722.3 120.5 20.02
160 601. 8 722.3 120. 5 20.02
T R 5 #ig

—a— A7 a2

sor ARSCERE 24 A 8.8 2% M24 B B R IR T
e FUESE S IR T . BB B R AT, R

600 foo—o—o —o———o—0—0

T4t

500 1 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140 160 180

FIkN

B 18 HIinrsE BB E O Xttt
Fig. 18 Comparison of the notch stress of bolt with or

without the loading device
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