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Experimental Investigation on Fatigue Performance of Cold-expanded
Crack-stop Hole Repaired Steel Plates with Type | Cracks

KE Lu"*, LI You-lin', LI Chuan-xi*"*, CHEN Zheng"?, CHEN Ai-long', FENG Peng’
(1. College of Civil Engineering and Architecture, Guangxi University, Nanning 530004, Guangxi, China;
2. State Key Laboratory of Featured Metal Materials and Life-cycle Safety for Composite Structures,
Guangxi University, Nanning 530004, Guangxi, China; 3. Department of Civil Engineering,
Tsinghua University, Beijing 100084, China)

Abstract: Under out-of-plane deformation or high fatigue stresses, conventional crack-stop hole
repair of fatigue cracks in steel structures is susceptible to crack perforation (i. e., secondary
crack initiation) , thereby resulting in unsatisfactory fatigue strengthening. This study proposes
cold-expanded crack-stop hole technology for repairing fatigue cracks in steel structures. This

principle involves a cold-expanded crack-stop hole using a mandrel to induce residual compressive
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stress around the hole, thereby reducing the fatigue stress level and extending the fatigue life.
Cold expansion tests of crack-stop holes and fatigue tests were conducted on steel plates with type
I cracks. The distributions of residual strain around the hole after cold expansion were
obtained, and the evolution of the residual strains during fatigue loading was clarified. The
effects of cold expansion rates (0%, 1%, and 2%) and hole-to-crack tip distances (0, 5, and 10
mm) on the fatigue performance of steel plates with type | cracks were investigated, and the
life-extending mechanisms for the cold-expanded crack-stop holes were revealed. The results
indicate that, for a specified hole-to-crack tip distance, increasing the cold expansion rate can
enhance the fatigue life. Increasing the cold expansion rate (not exceeding 2%) can extend the
distribution range and value of residual compressive stress around the cold-expanded crack-stop
holes. Increasing the hole-to-crack tip distance reduces the improvement of fatigue life by cold-
expanded crack-stop holes. The maximum fatigue life can be obtained when the cold expansion
rate and the hole-to-crack tip distance are 2% and 0 mm. respectively; Compared with the case of
conventional crack-stop hole specimens with a hole-to-crack tip distance of 0 mm, the total fatigue
life of the specimens increased by 50. 82%. Further increasing the cold expansion rate may
potentially enhance the fatigue life, which needs more studies. Finally, a model for predicting the
initiation life of fatigue cracks around cold expanded crack-stop holes based on nominal S-N
curves and fatigue notch factors was proposed. Analysis results show that the predicted values
agree well with experimental results in the log-log coordinate system, particularly when the hole-
to-crack tip distance is 0 mm, with an error of £5%; for hole-to-crack tip distances of 5 and 10
mm, the error is £20%.

Keywords: bridge engineering; steel structures; fatigue performance test; cold-expanded crack-
stop hole; residual stress; fatigue strengthening
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Fig. 2 Schematic of Specimen Dimensions and

Table 1

Hole-to-crack Tip Distance
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Fig. 3 Schematic of Cold-expanded Core Rod Dimensions
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Fig.5 Schematic of Cold-expanded Process of Crack-stop Hole
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Fig. 9 Residual Strain Distribution Around Cold-expanded Crack-stop Holes Under Different

Cold Expansion Rates and Hole-to-crack Tip Distances
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Fig. 10 Three Stages of Fatigue Crack Propagation

B 1L 3 2 B SR AR X R B T AR AE

Fig. 11
i TRRY R,
2.2.2 HuyEH

12 JBoR T 43R0 B3 57 Hfr N, BEFLR
A Y R AR EN . aTLFEH . LRI R o
mm, AR 58 0 52 B s 9% 55 5
five LM BT FFLARIE R 0.5 mm, 3% 97 R 80 HE Ay
N, BJe 5 B 97 i i K He . L HOZRFLR
PR 0 mm B R 97N 0% 100 F1 2% . 9% 57 75
N 3 50 5 48 S 95 A7 N 88, 71%6.,93. 70 % Al
91.59% . BT UL 45 1k 24 FLAEN B 78 9% 57 24 S0 bt i o
BF BV 2 72 7 AR 09 5% A TR I T 800 45 31 T 58 48
RAR S TR BEAR I 55 24 20 4 s (1 P 7 7K SF-, 80T
BT 22 1) far A0 PR UK BT AL 30 S K AR R 55 RS0
Ao SR ALAREE SN 10 mm B, 9% 597 B fr Ny 5 8
F T A X AT BE S T 07 AU IR YR 2 AL
NG ZA S FEPE ST RN I AE R S EI T AL K 43
FRASEN F1. BEAbh, B b g AR R B Rl 5 2 R

Typical Failure Modes and Fracture Surface Characteristics of Specimens

BRI 0 57 A7 LB 2 4 v HLZEFLAR IR AR TR
T, C2D0, C2D5, C2D10 #H %t T CoDo, CoD5
COD10 4y B35 & T 50. 82%.33. 77% F1 42. 30% .
ZE LT UL B2 A B A LR BE 5 V% 7 R0 4 e il Ak
W9 55 3 A B M, fEARTOF 5 . fLR
PE K 0 mm H &P H Ny 2% W B A i 5 8 55 s
AHEEFFLARBE R 0 mm 9% B 1k AL 1, 9% 55 4
Far# I+ T 50.82%,
2.2.3 EHypmBIRILBARGE EHEL

K 13 AR Y T SLAREHN 0.5 mm B %
547 W 7T 280RT 7 1) O BRI 50 iy 722 i 9 57 IR B A Y
eN . FFLARE RN 10 mm & A4 064 i 7E
TR rh ook LR U AR R R OB R E AN A
Wb R 2 AR e N fhZk. K’ 13 d G10.G11 Fl
G12 4355 i 1 4 g 55 10 5 (11 5 0 12 5 i 742
B R T TR 3 AR B AR A .
R UL N AR I B {E BE S BBE D, 3R



84 T H

N F IR

2024 5

B12 RAHEFEFaitE
Fig. 12 Fatigue Life of All Specimens

13 EHEEFTHTH N MLk
Fig. 13 &N Curves Under Fatigue Peak Load

BH O AR R W 3R L S 13 WA el T R s LR R
38 43 I AR HHE 05

M 13Ca) AT LA FLARBE A 0 mm B, B &
o A PR UCEC BE i, 10 A 7E 24808 A4 1 (BC B 4
Frfa e fb, A B Halk A FALRREI(C S22/,

AR FF U K A I 3 s BE R B N AR R B A B
ﬁNfiéﬁi‘*ﬁu,mﬁFT BC B i) o A8 FE /) 34
S ik . AEFLARIEA 5 mm T80 R g
FIEMM S, mIE 13 AT FLARE K 5 mm
B o B 2 A 80008 0 U B4 38 o 31 A T B0 R
W1 CAB B 1 0 A8 B A e A8 Ak s 243k 31 B AT,
W% 57 Z4B0TF Uh IE A B FL it Gk A B B 3 AT s Ak
Erﬁr“ﬂ’fﬁu@iﬁi*ﬂu & U o s LA 1 8% 4% g 0 IF

BT REAR s B T, 9% 95 28058 A it AW A B B 3
luﬂuﬁéﬁr“ S I NBR I Bh s B L 9% 97 R8T
G10 g B A P iE A T o AR Ry e B . 3 3L

G11 A G12 W s 0 A8 Fr 2R 280 B o7 280008 2R v 8 5
G10 225 #L /. Ak, B 13 45 8 R W, W] — fif £
TEFRUET G110, G11 F G12 f4 [ 728 {1 32 W 4
MR IR R AL RN R, Al
[, FLAREE A 5 mm 447 BC Bi¥y g — B &2
IR HF 07 AR S8 0 A A 3 3 W 9% 55 ot A P AE 2L AL
Y A I3 25 1 55 80 4 B A g T . R EUE % R
T ALAREE R 5 mm 3K i 2L S0 A W A A Ik T AL
ARBE A 0 mm 2 {4 i 2L L0 A 1 5 A

B 14 0 EART 3 Ry R, ?LQ&EE?@ 0.5
mm 2 7R T 2 A R L L R 80 A R 2L
SUEFE ALK R Z 0 V(B 55 far 28 T 19 L) 34 ) 1 A8
A EAAEREME. B TARERN 0 mm KR
FEAE T B0y e 01 AR SC il T 00 bR 9% 55 I 4
RIS 1 AN for 206 FRE AR < . B/ 14 (a) 25 2R 3R
W 9% 57 T 2 22 L JR 224 80 A 10 L 0 )i A 42 ey



% 11 34 AT

B F AT R E U A4 | A2 SRR IR 5 AR R I 85

4 EEEFHFHTRILRILLARBEES
Fig. 14  Strain Distribution Around Cold-expanded Crack-stop Holes Under Different Crack Stages of Peak Fatigue Load
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Table 3 Key Calculation Parameters for Hole-to-crack

[25]

Tip Distances of 0 mm, 5 mm and 10 mm

ALK - e
q | Ki | Ki |Sq../MPa B4 SN &
D/mm
0 3.83(3.12 90.00 |log Sq=—0.169 5log N+2.897 5
5 0.75 | 4.46 [ 3.60 | 120.00 |logSq=—0.179 8log N+2.897 5
10 5.00 | 4.00 | 180.00 |log Sq=—0.187 4log N+2.897 5
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Fig. 17 Fatigue Crack Initiation Life Calculation Process
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Table 4 Key Parameters of Fatigue Crack Initial Life

Calculation and Prediction Results

ey, e E/ Tt/

B | en/107° Jeg,, /1070 Sq.b/MPa fi

4 Ve

MPa VIR/N

C0D0-2 - - - 36.72

CIDO0-2 | 436.89 | 423.44 —2.77 87.23 | 44.17

C2D0-2 402, 61 —7.06 82.94 | 59.46

COD5-1 - - - 3.56

COD5-2 - - - 3.56

C1D5-1 531.00 | —10.61 109.39 | 5.95
———— 582.52

C1D5-2 500.40 | —16.92 103.08 | 8.29

C2D5-1 453.89 | —26.50 93.50 | 14.26

C2D5-2 490.56 | —18.94 101.06 | 9.25

C2D10-2 | 873.79 | 694.32 | —36.97 143.03 | 0.91
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Fig. 18 Comparation of Tested and Predicted Values
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