TR Ry s £ T B ¥ ik Vol46 No.3
2024 £ 3A Chinese Journal of Geotechnical Engineering Mar. 2024

DOI: 10.11779/CJGE20230267

B TRREER & ES R AR5

RET!, B w2 WEBEY %S, FaS
(1. VU@ FRHE R TR TR, BRVE PU% 7100555 2. 3k TR oK TRESERE, Y175 #h3 2240515 3. BRIGE A L S5H T =0 TR
HASIGE, P 7 710055: 4. HESERF TRREEBARAR, KiE 300300; 5. P2kt TRBERGRAR, Jba 102308)

& O SIS EIRENE R B E B A AR T T R O AR ) A 1) R . R AR A A R O D
(998 55 T AT, X E2ERRD 25 AT T 9% 55 71 AR50 S B AL . G5 RR Y JBEIRDA (N LR S A B ) -
AR MR AFAEI O N e B, JE BN B, A IR S . B A S A R EE AN . B
R, VR (E 5 B RS R — PR PR — SR K 3, %07 A S W R R A DG, A 2 SR
HR—Z Ikt T T BRI ss, JHAEL 5L 20N 28.57%F1 81.81%. b A 05 Z BN Z UIAHE, 10
RO (BRI | AR R A TEY, TR T BT R AT RORE, BZL TkE R g /s s AR 2R R
REPRC, E—BIE S 80 G 0L I IR R o EFR N BN 5 BUZ B (I SR 1 AR
PRI KA LR K — AR 2R P SR KA, Logistic S PR BB A5 70 ] AR G- Fad I A5 05 e, 98 55 UM IR
WU FIBI A > 5 A > s b i,

KHEIR: AR TEIMGEG EERD A ST IR

FESES: TU4S XHRFRIRAS: A XEHS: 1000-4548(2024)03-0490-10

{EEBITY: REETF1974— ), B, 184, BU%, FENFE - TSR I 2= R L TAF . E-mail: songzhpyt@xauat.edu.cn.

Experimental study on fatigue damage evolution mechanism of hard
layered sandstone under cyclic loading

SONG Zhanping', CHENG Yun" %3 YANG Tengtian*, YANG Pengtao’, PAN Hongwei’
(1. School of Civil Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China; 2. School of Civil Engineering,

Yancheng Institute of Technology, Yancheng 224051; 3. Shaanxi Key Laboratory of Geotechnical and Underground Space Engineering,
Xi'an 710055, China; 4. China Railway Bridge Engineering Bureau Group Co., Ltd., Tianjin 300300, China; 5. China Railway Beijing
Group Co., Ltd., Beijing 102308, China)

Abstract: The deformation and cracking of tunnel basement surrounding rock under the disturbance of train dynamic load
contain complex mechanical damage problems. The fatigue mechanics tests and electron microscope scanning tests are carried
out to explore the evolution mechanism of fatigue damage of hard layered sandstone under cyclic loading. The results show that
there is an aging correspondence between macroscopic cracks and dynamic stress-strain curves of layered sandstone. The more
obvious the layer effects, the more frequent the stress drop and the more significant the hysteresis loop transition. The peak
strength presents a trend of slow decay-fast decrease-sharp increase and the fatigue life is positively correlated with the peak
strength. The elastic modulus presents a trend of sharp increase-slow increase-flattening or decrease, and the dividing points of
the period ratio are 28.57% and 81.81%. The fracture mode is closely related to the layer effects, and it presents tensile fracture
(I and II types), oblique shear fracture type and compound fracture type. The tensile fracture type II has a compression rod
effect and the roughness of fracture surface is slightly smaller. The roughness of the fracture surface of oblique shear fracture
type decreases significantly, and compression-shear action leads to fracture zone and smooth fracture of the composite fracture
section. The cyclic loading and unloading effects result in the evolution of critical damage of layer sandstone with an evolution
trend of nonlinear rapid increase - approximate linear increase - nonlinear sharp increase. The logistic inverse function damage
model can well describe the critical damage laws, and the order of fatigue sensitivity is oblique shear fracture type > compound

fracture type > tensile fracture type (I and II). _
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Fig. 1 Testing system of cyclic loading and unloading
1.2 REREESRM

WA HCE VY s, DU ST, J2EE R ALY
5], BERAM., %R (EPRE A )% 2 ISRM il
FREY, B K IIEE . VIESE TRl DX H=50
mmX 100 mm FIFEREFE, K 2. A EAR K
FIASPAT B4 AN KT 0.20, 0.05 mm PABRAEN 14
sy SR RIS R 2 . WA I E BB 0°, 22.50°
45° , 67.50° , 90° , “TIYHEFEN 2.46~2.49 g/en’,
NBBH N 3.63~4.09 km/s. FE TN EHED H 1K /)
2RI R Y, 00 ~90° Wb 1K1 35 06 E 558 % 5 i)
69.42, 63.02, 52.82, 38.90, 48.61 MPa, J& T #iL7HJj{
FRE AT,

| 2250°  45° 67.50°

2 tERV AR
Fig. 2 Standard samples of sandstone
X SAATH R RN, wETWERRKA
(71%)+ £ 5& (10%) KA (3%) FTiEA (4%),



492 "+ T OB % M

2024 4E

TR (2%). 1B (4%). Warh (2%) 2. K 3
9 EDS ReiE A& (5000X ), T w1 A 4
PLRHK A (Na[AlS;0s])« 9% (Si0y) MK A
(K20'ALO36Si02) AT, FEMHAEAK; FAREHA
FEAR 4 it A 1) e 24 5 O A LR, A 20 ke ) o e
SEVIR RN GRS RHER I B R R
FIEL ) SR

‘ S Bieals 2 A
~ 10 pm T TR
(a) SEM-EDS FBll &

7 ' 2
reVEREHE 2127 cis FEE 0000

(b) EDS #EiZ

3 FbERY SEM-EDS #Eit [
Fig. 3 SEM-EDS energy spectra of sandstone
1.3 HEWHR
2% OKHKM TRAARHTE: DLT53682007),
InEnFT KON, Ak 4 Brs.

180

[ — masin
150 F i
Jodag:- b
Z120p Ao B3
g ool 025 KNIs
®
g 6of - \
=
30+ / BRI
0y=3 kN
980 270 360 450 540 630
IR [l /s

4 {BIRMENE AR SIER TR
Fig. 4 Stress paths of cyclic loading and unloading

R IR ORI 7E 25°C 5 AF Pl UXT48 hs
MR BB H G 5 40 (R D QEREE, D
0.05 kN/s TN 0.30 kN {8 5 FF: 3 ] 15 He Sk Hefih 5
LL0.25 kN/s BTN EIE LRI F) (10 kND, FELA
HHRDEZEIAR A 3 kN 28 ERTE, XA a K
ORI N EN G . @7 FARIINEN B B — A

WIEE RIRMN S Cop) fHEN 3 kN, LA 1A R
PR R EHINE T — R LR E—
Gt ERRRIJT 10KN (RiJjHE Ao =0, —0,_; =10 kN,
BRR A153 504 10, 20, 30, -+, 80, 90, -+, HL&E
W KA SR . @NFAFIE AL, X5l
HIRE AR E R E N 25 MPa. HIREZLN F10% KT 25
MPa B, BRI ARG IR TE, SR
WA AT 3 ikEe . OIFMINEE)E, DLBL AR
FHONBOIEAE, BT (SEMD 3R13 T
MESERE.

2 WEDFHFIES
2.1 BFSNH-N R RREAFE

5 AN ZE Y SRR 5T BRI S I B A R - R AR
k. B 5 (a) R, 0°RbA MBS R /- R A8 ith 2k
KL “HR-FRER” AT, 2 BN 51 L 7 BT 5
YN R AR INEN ) 5IEEE (o/o ) 1E
NAWHKIE, Mo/o, <0.54 BF, BbZE R A 2R b
2 S A AR B e, A B - AR it 2k B A 7y
i, 1K (a, 0/0,=0.67) TEMEHYIN
G R . Mo /o, =0.70 B, YR SEGHE
KB4, BRI, BhA R T-RAE 22815 56
B (b)e Mo/0,=0.94 I, ZNASRLS1-RiA% 2
KUERL ¥, ZERIFLE TR (¢ 1D Y0 /0,=0.97 I,
Wb A 1 72 ML R U Z 3, B R - AR il 28
B () TURABS RBIR .

851 mhrapch
68 -
«
A
S 51t
R
i
7 34}
=
17f
0 0.005 0.010 0.015 0.020 0.025
e A
(a) 0°
70— iy Ay b
56
«
A
S ar
R
=
& 281
£
141

0 0.003 0.006 0.009 0.012 0.015 0.018
ol 1) O AE
(b) 22.50°



F3M SRR, S IS BE SR BERD 5 55 B AL I F T 493

65 i

52

39

26

1161 32 S1/MPa

131

1 1 1 1 1 ]
0 0.003 0.006 0.009 0.012 0.015 0.018 0.021

Al 1) OB
(c) 45°
- c
32F
«
A
S 24t
R
‘E‘
E 16}
&
sl
0 0.003 0.006 0.009 0.012 0.015
Ay o o AR
(d) 67.50°
60 T— sy iz A
48
«
[-™
= 361
R
‘E‘
E 241
&
12

0 0003 0006 0009 0012 0015 0018
b1 AR
(e) 90°
E 5 RIEBWATNSNN-MEMERS

Fig. 5 Patterns of dynamic stress-strain curve of layered sandstone
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Fig. 11 Critical damage model equation for layered sandstone
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