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Development and distribution characteristics of ground fissures in
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Abstract: Fissures are common in high filled ground, it is a potential risk for the safety and stability of engineering sites. Based
on the monitoring and detection data of ground fissures in a high loess filled ground in Northern Shaanxi, the development
characteristics, distribution regularity and time variation of ground fissures are analyzed, and the formation mechanism of
fissures is also discussed according to terrain conditions, thickness of filling and deformation characteristics. The results show
that the fissures are mainly developed in the filling ground, and they are distributed in the areas with the thickness less than
15 m and 20 m away from the excavation-filling boundary, the main area is the transition zone between excavation and fill
(thickness of excavation and filling is less than or equal to 5 m). The trend of fissures is approximately consistent with the
excavation-filling boundary or the contour line of original foundation, the increasing rate of the fissure width decreases
gradually, and it takes about 3 months from its appearance to stabilization. The fissures often develop with a sinkhole and

extends along the joint surface between the filling and valley slope due to the effect of precipitation erosion and subsurface
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erosion, with a vertical depth of 7.5 m. The differential settlement and horizontal displacement caused by the difference of gully

topography and thickness of filling are the main causes of fissures in high loess filled ground.

Keywords: loess; high filled ground; ground fissure; development characteristics; distribution regularity
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Fig. 2 Schematic diagram of electronic measurement device for measuring width of ground fissures
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Fig.5 The typical forms and combinations of fissures
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Fig. 6 The fissures and associated sinkholes
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Fig. 9 The number of fissures in different intervals of filling thickness
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Fig. 12 Statistics of the maximum opening width of fissures

(2) WP AR B PR i A kB, SE R Tl B
15 TR (— B2 1 AR TR B0 JR 2448 = & 3], X
T X SH RN ZER U, 28 2z BrE b
M, BARFEFH . ME N EEA . MiE AR R
HhaoE, N2 R U SR 2448, 130 80E 2 40
Ao eAh, TSR EGE B R, TEZ, TAEH 2,
B TAE TR AR TSR bR i A —, AS o] b5 i 77 e TAE 5
2, TAERFE A LFURT P AN ], 7= A 22 Uik, TP
) LG AE it T A5 L B, 3R TS R B

(3) Jr It A KA R 3 R A B S Y
X IV O 2, AR ) B i V) A S A ) 3 - T L
SLRETE 1) JLT- S92 I A S b R 2 R 4 AR — 2, IF
(SRR S SN A Bt
3.3 AR VLA AR AL AR

R A% S T e B Y DT e i 13 s, R
AL, WA B LFIC-0 5 LFJC-2 Al Wy i) 4% S B AR —
B, TR A 2L 4% v B W HT e B IR A AR mT A
A4 J T VL B AR TN AR, 29 14 H e #sg5R
T B 5 3G KR I B RRAIG, IR0 TRa e . Wl X ak
H SR 2 S THT B B AR AL AR G B, 44 I LB e T 2218

80
——LFIC-0
60 - —&-LFJC-1
E 4~ LFJC-2
{#% a0 L /—r/‘ —e—LFIC-3
b LFJC-4
& — LFJC-5
200 —~LEJC-6

0
2013-12-11 2014-01-20  2014-03-01  2014-04-10

SO s i)
B 13 ZEEEERERTE ARk phsk

Fig. 13 Curves of fissures width with time

2014-05-20



2021 4¢

Tk, A B S BB 1 R R B o3 AR LR 91 -

T B2 3 AT IFIa], 78 I I, % T AN 1Y 2 5 DT RA A
PN AP VEAL N RUR LERE S NP s P U RN PO AT
PEATAL B, D) 2t 23 PR i X 3k A LR 14 R Fa i, iR
HERMER U I R, 75 245 A0 BRI 7 1E 3
KIFEEINSE T B, Ty R4 v FE AT S J5 , RN 244%
RE XIR IR I b HE
3.4 HEY ML R

B I S 0 TR AR T B M S DT R AR
PRUTRE PRI A . SR A P A7 e N T )2
MRRATE B R AR+ 245, BAR S 55 S B, (HAE
B R A AT AR, A2 7 AR B K 1Y ] 45 R 40
DR o TSR AR AN £, REUy 2 S T, 76 3 &
FEJTRE TS 2377 A R B TR, BRI T 01 2 58 IR
STUREAIE, A TR & A TR .

T 377 b, P S MR Y8 45 R T T 1 TS TR it e dn
14 fr7R o v Ve 4 e W T8 7 o) ) ] 4 JEE B ph VA 2
FRC [ ASEHE T 1) 326 25 U/, Xk N 9 A A D 1T A ) A R
RSN L RS IRt A R 11 B2 2 WA N =62 U T T N
N FIEEA, 207 K E B4 BRI . WA IEM
B T, BRI IR VA A O ] A A T A0 i b
PR R R BB AL 1K, HIH A R BB AL 0N, TR TR
AR TR, 22 W e 807 DUk it RS2 I 4 R B
BT LATA 25 M v B - e S5 S b g IR, O 14 KA
BRI 45 5 WoR U SRR 2 A TR IR 2 AR T
T WY, SRR T TR e A R BT < M B AY
2 0 B I AT R AL 1) 38 A SR AR 450, A AR DA
= RIS TS L R A VA Wil w1 S
AR A O T KRR . IR ASIERE, 25l
ot Kol ri il WS =X NG E ) S VA N E VA SRR i Bu )
TARBBTHIR B S , A BRI A B 1 548
(F15),

300

bso | 201312419 : —=-2013-12-25
£ —-2013-12-31 1 —2014-01-08
200 -e-2014-01-22 : ——2014-02-11
I s b —2014-0223 | 2014-03-02
= 100 - 2014-03-13 — LR

00 -
-150 -100 -50 0 50 100 150 200
FEA OB ES /m

B 14 SEEETE R TSI

Fig. 14 Curves of post-construction settlement of typical cross section

st 1] Bt
we [ ] |was

BT L

B 15 SEIBETHRETEE

Fig. 15 Schematic diagram of fissures in the transition zone between

excavation and filling ground

4 Z5ip

(1) 1A HOE i B s 3855 37 M B eV TR S
ERpar o H AR IRZAR | B BOIR L 32 SOREE, RAER)
25 [a) 43 A A WP, & B IR A I, & F IR
BA 7 ) AR A

(2) 24 T2 o040 TR /N T 15 m K42
W A28 20 m AN R IX B, DUZIEAS B il (1230
JEEE <5 m)hy 32, REEE n] 512 A B I 1Y 45 R
LI 3L,

(3) B 7Y S4By 2 B R ERIN 45 2R o, i8R
M L5 KA A 1 B AR T Vg KR 32 B0 T A Bl 5 UARLAAR
PR R T, X I 58 75 Ab B, 558 75 52 0 VR B AN I
DT 8 m.

(4) 156 37 1 1 AL 4 HH A T O SR A 0k 14
A J5, 44 55 B3 R SR B TR, A IR TR
2Y5 3 A B Ia], PRk A8 B A B E % A SR T A
e TR e Ja St .

(5) AT | B R FE AR 5 Y 2 S5 TR AN
A WA A e A= I A A TR O KRS, A IEAS
St AR A PR T BT B, R A
A R

S %Z ik ( References ) :

(1] ESUT. b 24 4% R O 19 330 5 6 (M. 16 22 - Bk vy
AR 2= HR W AL, 2000. [ WANG Jingming. Theory of
ground fissures hazards and its application[M]. Xi'an: Shaanxi
Science & Technology Press, 2000.(in chinese) |

(2] ®wAM, ZEk, Sed, 5. 06K b REER &
Lt S WM ERR [T] . M B RE S5PiR R,
2019, 30(1): 76 —85. [ MENG Lingchao, PENG Jianbing, LU



b &5t W 48 K 2%, 2009. [ ZHANG Yan. Mechanism study and

<92 - I BT K E 5 By IR o R %4
Quanzhong, et al. Relationship between mechanism of ground numerical simulation of tensile fissure propagation in high earth
fissure group and deep tectonic structures in Taiyuan basin, and rockfill dam[D]. Beijing: Tsinghua University, 2009. (in
Shanxi Province [ J] . The Chinese Journal of Geological chinese) ]

Hazard and Control, 2019, 30(1): 76 — 85. (in Chinese with [11] FEJE%, 3, MBI M, 45 3 Ky 4 55 47 A8 X i 4
English abstract) ] B [ 1] K%K E (B AR ), 2010,

(3] E=) 8L E . REHBXMBERELFTRED 30(2): 34—-38. [ YAN Furong, FAN Wen, DENG Longsheng.
BroLT] . o B b Bk E 5 Bk 4= i, 2017, 28(1): 89— Influence of water seeping fracture and fissure on subgrade and
95. [ WANG Yunguang, GUO Wenbing. Analysis of ground pavement [ J ] . Journal of Chang'an University(Natural Science
fissure laws of mining subsidence [ J ] . The Chinese Journal of Edition), 2010, 30(2): 34 —-38. (in Chinese with English
Geological Hazard and Control, 2017, 28(1): 89 —95. (in abstract) |
Chinese with English abstract) ] [12] Frisoe. mi o g g\ m 2 88 0 BB K AL ¥Rt (1] .

(4] BT, W2n, REHE, 55 95 5 1 J50 X b 24 4% BUOIR K H H H TR, 2011, 155(2): 166-168. [ YU Qingrong.
FEEmIJLARE [T] . P EM R ESPIE R, Prevention and treatment measures of longitudinal fissures in
2015, 26(2): 103—109. [ GONG Xulong, YANG Yun, ZHU high fill subgrade [ J] . Subgrade Engineering, 2011, 155(2):
Jinqi, et al. Ground fissures in south plain of Jiangsu province and 166 — 168. (in Chinese with English abstract) ]
related issues [ J] . The Chinese Journal of Geological Hazard [13] SRAME, 227, XV 4R, 55 . B3RPl 8 4w H 7 5 T
and Control, 2015, 26(2) : 103 — 109. (in Chinese with English JE UL RE BT = b [T] . %4 TR 4 i, 2013,
abstract) | 35(2):293-301. [ ZHU Caihui, LI Ning, LIU Mingzhen, et

[5] ¥, B EJ0, B, & 2k A BB T Ak fa e al. Spatiotemporal laws of post-construction settlement of loess-
i R B T [T] . A i sr 5 TR 2R 4, 2004, filled foundation of LYULiang airport [ J ] . Chinese Journal of
23(16): 2671 -2675. [ HUANG Tao, LUO Xiyuan, WU Geotechnical Engineering, 2013, 35(2): 293 —301. (in Chinese
Qiang, et al. Model testing study on slope stability under with English abstract) ]
environment of surface water permeation [ J ] . Chinese Journal [14] sk, 38 m 72, s iE Fk, 46 BRE T I5 & 3 S oy 2 P30
of Rock Mechanics and Engineering, 2004, 23(16) : 2671 — Yok RaHLILAF Y [J] . T8 M1 BR 22 4R, 2017, 25(4) .
2675. (iin Chinese with English abstract) | 1094 — 1104. [ ZHANG Shuo, PEI Xiangjun, HUANG Rungqiu,

[6] FRASLT, 225811, 7K 55 24 %t s i A2 M 0y 5% ma o b % et al. Rainfall induced instability mechanism of high embankment
TR N A [T] . 1 2% 4], 2004, 22(3): 373 —377. retaining loess slope [ J ] . Journal of Engineering Geology,

[ TAN Juhong, YAN Echuan. Influence and implication of 2017, 25(4): 1094 — 1104. (in Chinese with English abstract) |
water and fissure on slope stability [ J ] . Journal of Mountain [15] skaksc, Fok s, 2288 45 28 ) b 008 i 07 R K
Science, 2004, 22(3): 373 -377. (in Chinese with English W S aypr L] . WREFBE KFEEROA KRB ¥
abstract) | W), 2016, 48(4): 477 —483. [ ZHANG Jiwen, YU Yongtang,

[7] J%E. AWM EMELTRE [J] . 5+ T/ LI Pan, et al. Groundwater monitoring and analysis of high fill
412, 1982, 4(4): 56— 67. [ GU Ganchen. The fissures of earth- foundation in loess hilly-gully region [ J] . Journal of Xi'an
rock dams and density of compacted dam zone [ J | . Chinese University of Architecture & Technology(Natural Science
Journal of Geotechnical Engineering, 1982, 4(4): 56 — 67. (in Edition), 2016, 48(4): 477 —483. (in Chinese with English
Chinese with English abstract) ] abstract) ]

[8] SRVIED, 3K HL, Fhath. + 4 30URE ) 24 4% () + T8 .0 HLAE [16] e NRILRIEATARMES S Z 54 K KF TEY
Mo se [J] . s & Ji 2, 2008, 29(5): 1254 - 1258. R AR : DL/T 5010-2005[S]. b 5T : v [& HL g A 4L, 2005.

[ ZHANG Bingyin, ZHANG Meicong, SUN Xun. Centrifugal [ The Professional Standards Compilation Group of People's
modeling of transverse fissureing in earth core dams [ J ] . Rock Republic of China. Code for engineering geophysical exploration
and Soil Mechanics, 2008, 29(5): 1254 — 1258. (in Chinese of hydropower and water resources: DL/T 5010-2005[S]. Beijing:
with English abstract) ] China Electric Power Press, 2005. (in chinese) ]

(9] ‘Réepn M oisurs L adlosiasg (1] AL T (177 FR@E, #A, ka3, % TR o EHK I M -5
P2 4R, 1994, 16(6): 82— 95. [ ZHU Weixin. Application of BOOr iR mE R b [J] . 50 %5 TRER,
centrifuge to model fissureing of earth-rockfill dam core [ J ] . 2019, 38(3): 560 — 571. [ ZHENG Jianguo, CAO Jie, ZHANG
Chinese Journal of Geotechnical Engineering, 1994, 16(6): Jiwen, et al. Analysis of influencing factors of high loess-filled
82 —95. (in Chinese with English abstract) ] foundation based on centrifugal model tests [ J] . Chinese

[10] sR3R. & + A SR ok 24 4% 7 = L3 OF 55 5 S0 B 40 (D). Journal of Rock Mechanics and Engineering, 2019, 38(3):

560 — 571. (in Chinese with English abstract) ]


https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3321/j.issn:1000-6915.2004.16.002
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3969/j.issn.1008-2786.2004.03.022
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3321/j.issn:1000-4548.1982.04.005
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3969/j.issn.1000-7598.2008.05.020
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3321/j.issn:1000-4548.1994.06.010
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048
https://doi.org/10.3969/j.issn.1003-8825.2011.03.048

	0 引言
	1 工程概况
	1.1 地质结构特征
	1.2 地质条件概况
	1.3 工程措施概况

	2 裂缝的监测与探测
	3 裂缝发育特征与分布规律
	3.1 裂缝的发育特征
	3.2 裂缝的分布规律
	3.3 裂缝表面宽度的变化规律
	3.4 裂缝形成机制的探讨

	4 结论

