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Research on surface movement and deformation characteristics of loess gully

landform in Northern Shaanxi
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Abstract: In order to study the surface movement and deformation characteristics of the collapsible loess gully landform in the northern
Shaanxi mining area in the middle reaches of the Yellow River Basin, the N1212 working face in the loess gully area of the Ningtiaota
Mine has been systematically monitored for surface subsidence to analyze the high-intensity mining conditions Deformation characterist-
ics of the ground surface subsidence, determine the maximum surface subsidence speed and the maximum subsidence speed lag angle, sur-
face movement time and dynamic surface movement parameters. The results of the study show that the discontinuous deformation and de-
struction of the surface in high-strength coal mining in the collapsible loess layer in northern Shaanxi are severe, and the loess surface is
easily affected by the combined effects of movement and deformation and topographic conditions, resulting in uneven settlement. Under
high-strength mining conditions, the surface movement and deformation are severely developed , The maximum surface subsidence value
is 5255 mm, the maximum horizontal movement value is 2 680 mm, the maximum subsidence speed is 187.4 mm/d, the maximum subsid-
ence coefficient of single coal seam mining is 0.63, the maximum subsidence coefficient of oblique repeated mining is 0.84, the active
period is about 55 d, and the period of subsidence is about 55 d. The amount accounts for 97% of the total subsidence, the maximum lag-

ging distance of the down-town velocity is 74 m, and the maximum lagging angle of the sinking velocity is 67°. The above results verify
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that in the high-intensity mining of shallow coal seams, the surface subsidence is proportional to the geological mining factors when the

ground subsidence is severe, the activity period is short, and the mining is repeated. The surface deformation of high-intensity mining in

the valley terrain has the characteristics of fast speed, large collapse and heavy damage.

Key words: loess gully area; surface subsidence; subsidence velocity; movement and deformation law; dynamic change
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A7 L, FBA BB ] N1118 TAEMmHE KL
RSB RE, ARPESS 2 YOI, HFH#EdEZE 75 m,
Mo BB TF 10 mm FULE, 255 B RIS
O A TR A R E FAE I (R AT 5, R SR
TE 45 ~ 60 m, 1/4 ~ 13 5 F YRR, H 20194 1 H
28 H 3 YL (HEVEZ 103 m) Al 1 H 30 HEE 4
YO (22 117 m) B9 R UTHRER AT AT (& 2a), MR
I K TN ULEA—61 mm HGEBE N E-811 mm, A7
HESPIB, TAR T b S 2 W2, sLrt IR —
0 DT 72 b 0 25 i £ T A0 A B , i A T A
W b 2 iR 2% . WG TAE mIHEDE T U ik
B, b K T ULER 5255 mm, 7 T A21 55
BRHET, BEFFUIHR 200 m Z247 .

B2 ) 5 1 b, 2 AR T ST ) £ T B AR
ZER B, FEHESEIEFUIAR 797 m M 840 m ¥EAT T
AU, SO0 3] s oAy — JE 22 A, i e R Ui & A
BRA, B 101 mm IS AN E 1 881 mm, FfiZE T
VETm ke dt, T TS Hesz e, &R 5K P UiEA
2| 3 513 mm, Jf HIKBIFE50K8), WA 2b Bk,

)KL o 38 AT 454 B LD S B R A
S ] AR 1) b oKSE RS SR, I L R KSR B0
ARG, ANIE 3 R

A W7 FAKCE RS SR R R B AR 2%, TAR M
EAEFERGY 172 BERAS IX, TARHIHESE 0.6 5 RIRHT,
IS S A T Lf s i, FFUTHR BRI 2 0.47 F52R%
TRAL, b3 500 36 2 B TR Oy (m1 8% o ; Bt T AR Thl
AN ) A A i, % b A ) SR A5 X O 1) FR U AR
TR s, BT B, 5 KR s A T
K/, JEH b a9 K F- RS sl 8 S5 Y
TAEmHEDEZE N1118 TAEmMARLEZ )R, BT Lh
FEAEIERE SR, A RS BB B WG I, B 5 i 3=
SR B HIE BUR 25 X A% 8)), IFIm B VIR, R RiE
Wi R B IR KRS S e BEZORZE 100 m A4, T
2 NRTRIR 28 X IR R F, T8 8% AZ R i) H B A 5
YR, 255 FENIRIAYIZ A HESE, R KT
s AR LA, WA 3a B BEJFUIAR 1000 m 2
oA R R E, M A R, 3 R
P )z B YR Oy m 8 8 BB AR K, KPR dhide K
{EM 2 680 mm.,

fwim B £k I, KRS sl g 3t Fix, il m)
5 AR s ) TAE G, Bl
2300 ~ 0 m, 3 5L 15 2 i 2R 455 1] 1 7K SRS B 5
Wik K, 5 WD 2 05 ERE 0L 0 ~ 300 m,
o R AR B TE I — 1 mi A P URGA B R K, Bl

159



2023 4R 4 1]

#EHFHAK

%51 4%

4000 - 1+1350
3 000 {+1 300
2000 F +1250
g 1000 +1 200 g
g +1 150 45%
iy
Fo :
<1000} +1100 &
000 +1 050
{+1 000
—3 000 =:—
R O I S
ﬁ$§ O DD @és@,@§>$69
BETF IR A 25 /m
(a) E KRB
. o e 4 +1350
1000 | el 300
500 \ +{+1250
= A -
g A {+1200 &
=2 0 M
Y . +1 150 {17
= —— HuZE H T 2% i
T 5001 —- S 40 m 1+1100 =
h —o— {fEHEE 643 m VY ’
—— JfEHEAE 752 m 1+1050
—1000 | - b S 874 m \ " 1000
o EHEZ 1035m 2R
S S S I S I T T P
SN ST T RS
B A0 2R/m
(b) i KR 5

—— R H T 2R —— HESEZ 530 m —— #EHER 720 m
o HEHEE 75m  —i— HEHER 564 m —e— HEFEAE 840 m
o HEHEE 103 m = HEBER 590 m —— HEHE S 955 m
e EEE 117 m e EHEE 622 m— HEFEE 1067 m
—o JEHEZE 425 m - HEHEZ 643 m —— HEZEE 1965 m
- HEHEE 460 m —v— FEFEZE 678 m

B3 dEAPHd &

Fig.3 Curve of horizontal movement of ground surface

INEN A H 0, KRS B R E R 1273 mm.
T N1212 TAEfifi ) 77 ) A 32 858 SR gl i H b
PN, A LB KRS i e s
5 SRR B — RO, iR 3b s .

A 1) RO ) b 3R A Bl A AT — M i DTRE R
B AR A 22 5. A 1)k MR BN 4k,
BEYE . VAR AR Hm 22K, T ULHIZA X FR, FFUIIR
A Ay B, 8 PR 7E 1M 5T 25 1 T AT TR, UL
B A REAS PHIY B . ] RV 1] A3 7 6 )
AN R AR, AR TUAEA S SR KB/ NS, Y
Hi R BN AR SRR, L5 M 3 I AR X1, 76 o
T8 BWARKG 5 S R ax F g AE ) b e R IRA
a, M5 RREE, DL SZ R i i) 8 -
18 7 B i A Sy i A 1 2 A
3.2 MRBITITSHE

HRAEAEI 25 5, 53 5T+ S8 T 1) At ) i

160

TR S S MEBMESEL.

D TFULRE. fEEm L, W2 A Fiias,
Mk, 5 N1212 FFUIAR 2 540 m 4b ok N1118 &%
2k, N1212 TAETE LB BEIF R 32 B R s 52, B
£ N1212 TAEH A, IO R, BEE
B UAEH, I 203K 7850 K 8l B8 S B X PR K
UL 5255 mmg 4 TR HHESE SRR S N1118 T
YEmIZERE, T UUEA BT, FEIFUIIR 820 m 245
TR FN, ZJ5 N UTR A T AR A BT,
FEIE AT UL A, 38 L 5 B B 2R 3l X g i
Bl 5 20T R F AR 32 N1118 T AE 1 F 52 0, H3 4%
N1118 R F AN N1212 TAEH (1.2 ~ 1.4 1%) %
T, N1212 TAE R SIT R 7] LA 2 7800 % i, it
B N1212 TAEm B2 TR, &K FIiE 3030
mm, W& 4 TR,

\
N1118 T.AE

R Hb R

U A L

1000+ BEFFIIREE B /m| |
-200—-100 0 100 200 300 400 500 600| 700 80D 900 1 000

-«

r
|
|
|
I
I
: NI1212 #%

IR

—o— S 7S m ——HE#E 564 m  — HEHEAE 1185m
—— S 103 m —— HEHEE 840m  —— HEHEE 1439m
—— S 117 m —=— % 955 m  —— HEHEAE 1965 m
—— HEHEZE 530 m —x— HEHEE 1067 m

M4 NIISNRREAXHRE-MEFRATIHE.
T UL R # A
Fig.4 Analysis of subsidence value and subsidence coefficient

of N1118 and N1212 repeated mining and single seam mining

NI1212 TAETHTHRE oo A 4.8 m, FTKF
HEZ, B N1212 AR A —TF RIS T TR ECH
Mo = 3 030/4 800 = 0.63 (1)
N1118 TAETH 5 N1212 TAET A T [F] — X 5,
AR ARIR], B KRR, P AR R B ),
BA PR BURIEL AR, HoR R — AR, il N1212
AT KT T AR SR R UL R B R R 5



AR B Y A S R AL S R T AR E TS

2023 455 4 1A

AR TAET N1118 B FUTHREL B 7,,15=0.63
PEIUS B X A1 SIS HEA T AT, A21 5
WIS B XK TR W, W = 5255 mm, &
BIX FUCE RN A2 3] N1118 1 N1212 T/E 1 & &
KIS, B R RECH K, N1118 TR B
0.63, N1118 TAEHIFEIR S A M 1.9 m, HALZ
N1118 TAEFCR SN T B K TR Woweans M-

Wmax(N1118)=nN1118X1900= 1197 mm (2)
i N1212 TAEHIRG FULREn N
e = (Wmax,s - Wmax(NlllS))/h(NIZIZ) =0.84 ( 3 )

R, B RS R BN K=n/nwns=1.33-

2) MR R BT SHo P . MR R 2b i 1) £&
U TR B FULREG 456 4. B LK TH
SMERBUK R 3h R B b, Bl FR i KAKE 50 55
KFULZ e T tan g = Hyr HH8 E 520 A IEY],
Hy WFERIRIE, r oA R BRI 425 2550 0.5 4%
(14 1 3 e KR Ut DA Rt KK RS sh A 10 &, R
W RUMASEE o JPITRS LR GE, LR 1 T
FHGERF 0.78, KV RECH 0.44, FEFZm 1
YIMH 2.38, P w45 m.

SAHTINR, TAETE bG8 5 60 ~ 130 m,
Hb VR ARG, B S 52 TR 520 T A A T 3 L 3 B,
B+ 1 AR RS ARIE DL R G U, A B
RN RUUA . W . TR BEL R B EH], Ut R A
Ko KB a2 276 B HIY (452, J7 10 & A )
FRAE AR, i 3 Ty ), KPS S R BRI K . TR
BRI YRR N IR, AAE IEHIE & 22, H
T UTE A A BENY, 2 B AR AR /N, 2
S A IEVMER K. P mAs e 45 m, iy 0.24 H,
7F 0.08H, ~ 0.30H,, 2R Thifims)z",
3.3 MRV RELE

5 F R AR R AL B A 3 B B S
SN F LG R IMEUZ R RIEERE;
B g fl R 1 R M R AL S A fE B B s i AL S 4L
MR /NEEAA DA R RE . RIEEN
%%[14]O

MR S I 4, N1212 T A 1 E ) 3 5
65.9°, LI i 55.6°, LIl i A A 51.7°,
TAETH A TF TR 46 12 20 #E it 2ok 78 v, Bifi 2 L 42 TOURN
ST MRSV, e IR EUZE B =42
ML, BEE AR A AR SEHEDE, & a2 T Ul )

®1 HRBHTERSY B R . TR AT, Sn 58 L ek
Table 1 Surface movement and deformation parameters R, MR R AR BE 155, TE S R F R R e
e pasmg TP FEEEA B FEBIVIE e o 3 2N FHEC, SR8 B
‘ Aib  EDfanf B i/ BB R WA
e o - - 153 2 TR AR T 150 5 5, o R o M R
:jﬁ e - - SR AT IX IR T A TR £ R SR,
XA, PRI AR 2.
*2 HRBIHAILE
Table 2 Comparison of surface movement angle values
#afi/() BEFSIC)
TAEM HEm  WHUEEE/M RE/m CRFm R

Er[ - Tl ki Em Tl ki

N1212 95 # 1,95 4.8 190 39.6 703 576 623 659 556 517

FrocdE N1114 62 # 1,61 1.8 123 68.3 68.7 — — 59.7 — —

N1206 104 # 1,58 5.9 162 27.4 72.2 — — 62.6 — —

W1 303/304 150 #1105 3.0 255 85.0 70.0 70.0 67.5 56.0 535 535

A bid 15201 58 #+,70 6.3 128 20.3 712 716 728 63.0 537 537

- 52304 185 #+,50 6.9 235 34.0 637 680  62.8 53.7 — —

1203 31 w+.30 6.5 61 9.4 673 710 700 637 630 610

Liip et 2304 70 1,65 4.1 135 329 62.5 62.0  63.0 58.7 572 585

EERL) 22407 116 w16 5.4 132 24.4 653  60.0 655 473 439 506

N1212 TAF #5215 b 8 i 1 = 80 ~ 130
m, N1114, N1206, 5K Z 51 15201, KM 52304 T

VETHFATZ 8 R EE KT 50 m, HbFH Jy i &%
s R —A 302, 303 TAET M MR EUZ, ¥
161



2023 4F55 4 1A

# £ A F H# K 551 %

TJEEERT 100 m, 5 RMIE 52304 T AR AR IRAH
I HR R KIS A 1203, #E5T 2304, WA HI
15 22407 TAETE KAV AT 5 . A B TARTE IR
FHER B AU BE SRR, AR5 VR A8 BRIV, — K
KA, SRR

Zo it XF LU A3 BT AT, 5 ORI | BRI L MR
FAHIZ R BRYD 2 5540 JF R A B, HE2E D7 1) L34
T BE iR Ak, MAAEUZ A KBD T,
FABUZ B B B ARS8, OF B B p i shik, 18
Z R, TAET AT KD I B R U 10 mm ()
FERFEMA T TG, BEh AR RN TARYE 3 I AR
A (ARSI r=3.0 mm/m; /KA e=2.0 mm/m;
il 2% 6=0.2x 10" mm/m) >R AL sl f th i/, 4
FATRUZ TR BA T 8 H B, A B TAR DR IR/ D, Se 2
JEARK, FEREUE S 20k b, FEH )RR T
R, M AR T s, RE AR Y
AR IR I SIAEUZ b e, 2 ARSI
ik, # + R AR B BMEAS I, T ARBER T 4w
PR 2L, TP Y T T 4 i % KD X BE
W, TUTR 10 mm {37 & A A TR R 1 A G0, TR
MR, EEHAER KR T, M50 )15 8] —
R, M ZRATE AN SE, Ty 27 A% 35 2Rk 3 53 e
S fef W R AL S FE 4N, DN ITTRS 30 A AR K o

NI1212 TAEEA ] 77 ) bR 54 N U, L5l
BURZIVEE), LR AR B/, Tl
J7 113853 32 B N1210 &R 45 X 5% ), H 52 i) 115 [l
BOE WA P 5T X N1206, N1114 TAEHAH
L, H 3 ¥ 2R AE 50 ~ 100 m, 4b T R — X 35,
IS A VL 0 B - R B YA AR M, FATIUZ T2 R 22
SR, B sh AR I f 1 R 5L 5 TR AN [R) T A i 22 5%,
{HAEARARIE

5HAbH R TR E G 15201, KHIE
52304 TAEMHHEZ I RAA L, SR IE /N T 40 B Hb
TG, 1 F AN MIRE /N
30 B, M= AR AR SR A Y B, MR AR
B, UL AT T 2 e, A% 3h M A A A ek
Bl AR TE £ (B 38 52 BT SRR BE 152 ), X 88 e — 4™
302, 303 P T4 1 [ B UL B A5 i #% 8l A (e rT LU
W R BERCK, M 3R AZ A BT, ok A
/o

— WL, RIEER 2R, R
Ph AR, B 2R CRIEER | RIS /NS
SRR, A R R LR e i R Bl AR T B 2R
MR ) — A EHEER R, IH I 5 Rke B

162

AR T TR A 3 B M 3R, PARIUZ S5 4 2 b R AT 3R
IR RIZI N R,
34 MRBIHTRINTRHE
D) PO L., BZIRGE, R X L
RN I PRES TR A, B RS X R, AR H
SRRk ARV L DL, AR R R Y R DT AT K
At AR YR ) T RS, el T U0 R £,
Kl S s . TAET#EDE 2 840 m B, UL i ih £k
BT LIRS 2, B KR DT B BERS 2 153 mm/d,
VLRI TAET C 2853 BT 7, STk
B0 BEFE T UU EE B WG 2 5K, K5 1B A/,
HEBNFIE, SR TUEEE A A 187.4 mmvd, {7 T
B16 i B RAGHEAT T U EE 2k, B2 TAE
T A 1 — o IR B SO SR A7 1E — B I 8] S 3R 4 AU
TUCHEA ST 0, SRZD) TG T Il—iA3 &
R—B T/ IN— T ULLE A
225
—— JF T HEEE 637 m
200 - ——JF PR 797 m
— —— JF NS 840 m
[I754,  —— P4 874 m
c‘ L o IR 955 m
~ [ ROF | —— I FHEE 1035 m
e 1\‘25 “ o R HEEE 1534 m
E 1 W\ —— FFFHEE 1965 m
g |“ 11004 ““"‘;‘."‘\‘,
2 :
}_

-300 200 -100 100 200 300
,25-
WL 3 BE P AT B /m

BS54k T B &

Fig.5 Surface subsidence velocity curve of inclined

observation line

T, TEZITORE T, T BB R4S
PR BERN, JLP A BATRERE ), B WK R K
AR Z )5, BRI, BRI R R LR R,
AR U

2)f K MU R s G 5 Bl6 5
I AT DA FE X B2, R0 2545 U o 19T DR R it
SACH T T3 5 I AR X AR T )7 8 O 2R 22 1l
K, a0 6 frs e TR, G AR T 5
W, N UL I AR R, I PEREE T UUE R, 25T
VR 0 6 — R, ST I AR E, KU
NUUHEE IR B R R, B B8N R 0, Bk R lis
JE5 TR R UUE AR B



AR B Y A S R AL S R T AR E TS

2023 455 4 1A

225 ¢ 1500
200 f 40
st 00
150}
J ~1000 g
£ 125
5100 1500 g
W 75 2000
IS ;
Z 50 —o FULEE {2500
25 - — FUlE 3000
0
. {3500
200 0 200 400 600 800 1000 1200

A 22 AR T K S /m
FHe Mmeo Ty THEMLEXZ

Fig.6 Relationship between sinking of inclination center point

and position of working face
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Table 3 Statistics of maximum sinking speed and active period characteristics of surface points
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