W3t = 3R
MOUNTAIN RESEARCH

XEHS: 1008 -2786 — (2023)2 -228 - 15
DOI; 10. 16089/j. cnki. 1008 —2786. 000744

SR, /N IRES K, ST, BUR 28 G SRR B e U I B ) SRR LA R AR R (7], il A4, 2023, 41(2)

228 —242.

XIE Xiangping, WANG Xiaojun, TAN Yifei, ZHANG Yuhang, HUANG Hongxin. Combined metal grid device designed to desilting gravity-type check

dam [J]. Mountain Research, 2023, 41(2) . 228 —242.

B & IR Mk B R R A E 1 TV D UL AY IR AR (5] 2

WEF,EINE BR T RFM, 22

(CZBATABE EAR SRS TR B, MR % FH 455000 )

A E: SR RIS IR AL, P IR A 2 A T SR R0, I 5 B8 A I A AT 95 L R D S5
Sy EE RN Z — o SR T ARG WA, 8 s R U B PR 5 9 TS A PR A R B A TR B P
M ) S PR TR A SO i B S S0 Mr ARSI S a7 T3 U M 1 3 7 A e U 3 RS it 1 s T Al 2
LR A ORI AR R AR R OIS TR TR A R ACR o AR (1) B U IR N e v
SEARATE R 1) B Bt 55 20 s A2 I [ A0 P T S5 BT R ) 428 5 /N U ek R0 KA W 17 D0 G BEAY AR
Gy VA RIS, T R R AR PR VA AR T 2 MBI A AL HE AR A AR 10255 (2) 2 R A A 42 ML 4 5
AR R DA W AR SRR B2 S, S e R R A T NI 6 56 25 AR AR AN e A I A6 1F T, 0 3l
B 41.5% 1 36. 9% I}, FHLHEAN AR BB, RIZLSA% W2 RLHE AR B 00 5 (3) B A2 R 3IUA 2 X 8 A1 i e v
I3 B A EPHLURL 3 128 A 8 5 TR IR A U [ AR SRR SR C S48 S, B IE HEOR 85 YR TR R oA JE K, IR )
AR/ T o ARWETE R AREE KA I 0 E ) QR U e A R AR B 1 5, HoA TR TR S

KRR Ve A1 Ui 5 Ty AR I TR A s 2 AU R

FEDES: P642.23

PATTRAERD IUAT 73 D B ) LRI 1 242 b
RPN S CE RN i R 1 i R
T 85% LA B, VAT AL MR R 2 e
U0 VR YA AL [T (A S e 1 S e A U ) B A
FI, VAR T35 | A2 9 38 FE R N U8 A1 i B
FE G, DT I A6 e A O T LR R R T 1R
AR I T 58 E R LN R L5 (1) £
WY S M B S Al vt iAo, 3 He oy
Ay SR 4 B0 AR AL 7 0 3005 2% 26 A%
LRI AT AR WU P ERE 5 S £2 0 01
HEZK FLIHA ZE R ABT, 352t LR 98 A0 O 2 A kK
et sems s Sk B I DB S T A X2

MERARERS: A

BT SR R T O R HEIRE 7 Ak iR R
PB4 32 ) RO TERES . (2) BRIk
o UNETXIRILPE A7 I A F A, VAT I BT IR 1A
FZMHR TR R A B A ik o
FARMVRF R YA L vh i IR O P A1 BT 6 AR T4
AT 5 Ay S5 BKA7 43 8 9 U8 A U IR 45 2
E, WK 1 A BUK A 7 BEAS K R AT B4 K, 3 i
THE I E AR T A SR T
T (3) LR VR X BRI A1 LR A B i
TR

b SRS AR S ANE R SR SN RES
PR A o B, 7 b E DU SO R X, 52

%5 B B3 ( Received date) ; 2023 —02 - 04 ; 2t [8] H 3] ( Accepted date) ;2023 —04 - 18

E £ B (Foundation item) : [EZ [ SR B} T 434 (41907258) 5 % B T2 B 1+ B F J5 3 345 ( BSJ2019011 ) ; [ National Natural Science
Foundation of China (41907258 ) ; Doctoral Research Start-Up Fund of Anyang Institute of Technology ( BSJ2019011) ]

YEZ B A (Biography) : M- (1987 - ), %, Wi, PRI, FEBFF D7 (iR F R KK, [ XIE Xiangping, female, Ph.D. , lecturer,

research on theory and geohazard prevention and mitigation ] E-mail; xxp_imde@ 163. Com



Vol. 41, No.2

A ORI AP e 8 A W 7 S 30 94 R [ A 229

Ja I VA RAR TG R, L AA AT A 18 A&
A 46 RPN, Z2 BT AL T P S A R
B2 AR P, SRR B — | 2 5
RT3, A2 A2 R0 U K 3t 2 S A ) PR, 72 i 1
IR PR AAEA R ol T R KV A1 0
PR MR BE U, T 16 Y 12 0 LI B 2k Ak
Jai S S A L B ety ™ R A A, A
FWRAT ™ BN A R

BT AT A U VA4 A0 U 2 i ey S BUHC ml
Free AL, HRTE AR WA AR GE . A SCE B8 Jr
Mt WIS SR 5T T oA 1 S A WA
PEARZS , S th BT C A £ U T B Jis 405 4 256 ok
PG EERP I AT A R I RE . AT H X
FERP I AT SR BRI 107 5 o

1 BB A &

S AR AR U I AR 25 T e A
B B o J S A I B 18 I R X A
S A o) AR TR T A T i 4
HIfEFEER . T xS e a4k sk & 5 51e
A B R, v R A 0 40 A ) 2
RE M AFFER W i 250, FEC A BT if i & —
REF T8 245 ) % SR U 22 0 I Ui A A 1) R 5 T RE
2% SE XL N
11 BEIERMEE

AR HAR N T — R UK e gt
IZEER T B RS M SO R I S A
T80 TG AR I 0 R A A S A (AR ) £ AR A
WEATIK AT 20, W A 8 %) T A S B R A0 1)
138 KLU 43 B R AT 5k 80% L) | YR Vb
SYBI IR Ik 80% e A7 R Bl R K A
OYEROR . SR, 1 R K A7 40 B RS A2 HE AR R
SRR B I O O — e R, E S AR
SRR . ETAH R R0 % L 11 Y T 18 L 8 1 DA %
R R E AT, 2 5l A 25 fF BUAS il
T 2 (1) ~ (5) 2K

BOmin = Bhg H HO = HHg (1)
B, = k(hysin6 + b,) (2)
H, = h, +h, (3)

B
h, = %tana (4)

= ()

St B R IESTE () By, HEA D)
U R R VNS ()
ot TN T BIRFE (m) 5 H, EAT A2
BIFSIE () sy €A E BB 1 61 () 50,
HEALBIUEATIE (m) sk SR TR,
5 T IR 1.3 B,y 645 70 A 0 5 o
(m) shy 9 HERTSIE (m) 30 38 1 7 6 TR
A (5 5 02 04500 R R 998 75 3 B
(' = 571 ) SURHF AT SR 13] 50, 377
HeA B (m - 5.
12 mamHEE

Y e
S S B 5 SE LM A RO, 40
ARSI 1R I 8 0 U
FEIERE I, T R A2 A 12
HOR LB 2K, S T 4 45 B
WS, 2% B o T 0 K6 O
5 0 B 0 2 A 5005
AL, A 1 R

U455 S B9 T (B0 200
I BN B 5000, T — R Ve
BB B A 77 5 7 —
198 B AR 0 L 208 €60 1
(AL . 8 e BB LA
R BT K BB /T B
AR K S S IG5 9L 0 F
R P S 8 R 2 2145 50
S PSRV 70 TR B T 3 — 3
NHGIR AU FL Wt B U T P
SR ST, K T R

2 LA S R R S
W5

21 AR BRH

ATRIE R F A 7K R e B AN 2 s, KA 53k
PR S; o KR TG 58 54051 8 m 40 ¢m (50 cm,
YeEE R 14,00, R IEHE I 1.5 m 985 FIR IR &+
Hl/E T R B LA b WS A Je VD HERR B (R 3¢
RIFREIBL) , B B B 9. 8%, M FHb A ¥




230

41 % F2 M

RUR AT REZ 1 HEM 2= 2 A A6, AR UEAE B 50 em
BRI IR R T, e 2998 BT 1 585 10 em ()6
W KRE IR T8 &5 518 2 m 43 ¢cm 50 cm,

WSy S. 00, KHE T LLKAE T AR 24 emo 415
RS IR B T/ 1L v, 55K TR 114 v At 1)
FHE o MR AR Y phy 9 A AR T R, e
BNz 1 P A BN 3 frR.
AR 1 T 20 A AR AN )k

it =

FR AR (KA

AN TF) A R R R A ) B IR RICR . TR A
SR FH 7K e il 5] 4% 4 S AR A 1) D OE 18, 047 4

BRI 20 ke, 56 A KB 1.6 L - s™ Al
39Ls%mmﬁﬂﬁ%ﬁ%sﬁm&mamm

IKEEHK o TRV A R FH 7K 5 260 1 JUR e ) 4 )
T b7 HERRAR 1 T =008 B, 00 A kL it oy
30 ~50 kg, A5 FT 2R FH AR5 A0 B4 RHBURL L 4n
E 4 s, BRI T oL 2 s,

(b)

e
11!

H\ TN,

1 /\

Ly

N|
>

1 =Ty 2 — T AR A ;3 - MRS A 54 — IETACEASAN S — DT KF-A% M6 — SCHEEG B — M T4 A5 1 T Ak A Al =2 1] #

ey H - B PRI F AR AR s H, — TE RS HE B 2 50 -
T KCEAS M SERL 5 o — IE MRS ML s L, - TE MRS WK 5 L,

D AR AR BRI BE 5 B — Ye A IR B W TE 5 D — MEAIT T Ta] i W — )

— IET KA AIHC B

B FEEE R AE AR (a) SR (b) W (o) RIS (4) B
Fig. 1 Combined metal grid structure of the new barrier system: (a) 3D view; (b) front view; (c) top view; (d) side view
x1 HEXEMERERRESH
Tab.1 Parameters of the combined metal grid structure models
LT S D/cm a/(°) 0/(°) B/(°) H,/cm H./cm L./cm L./cm L,/cm w/cm
1 2 35 60 60 10 14 24 20 33 10 ~20
i 1 35 60 60 10 14 24 20 33 10 ~20
*x2 REITHR
Tab.2 Experiment conditions

THES  WEEE SRTRET/ (L om)  BORRES  MAMRERR A WERL AAHRS
W0l ~ W03 KA 1.16 S1 ~S3 20 234

~ W9 IKAT I 1.28 S1 ~S3 20 144 156 234 GI.GII

~D5 Jef i 1.45 ~1.77 S4 30 ~50 20 ~30 GII
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Fig.2 Schematic diagram of experimental device: (a) 3D view; (b) plain view
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Fig.3 Model of the combined metal grid structure: (a) GI; (b) GII

2.2 ABRNESH RS M R IR 4 AT A A A A AL i, S B BUk
AR S B RO MAEWEMAS RO ZBSERR U & LA IS 1 7>



232 TR 4% 2
0 . ST PR R PR 2 B RS A R
ol SRR P i 15 2 2 1 6 B R (7) 14

. ol TR Tt 7oA B T 2 R L, i

%6m ST B A T AR R

N 50,

£ | v =" (6)

B 30| v
ol 0. = =T, (7)

Ys — Ye
‘o 0 1 o om Ay WIRGRAE (- m 5 g - om )5y, W

FifEd /mm

4 K38 AR A YRR SR AL

Fig.4  Grain size distribution of sediment

B YDA R DL RO ey 4 B R G E .
7 T 0 OB M) Y 220 £ e P — R R A,
FRAR R A B S AR AR X (6) THEEAT I, O HLAE
BEAVRAT LI R IR A [ I 2 4 8 A A

[ ARRUR F R (e m 78 g - em ™) 5y, AIRARS A
FUERE (e m 7 B g+ em ™) ym AU MRRE S Y IR
(g) 5V HTARRE S AT (em®) 5 Q, A Y847 T I 2
(Les™'sim’ «s7") 0, HRAHRARNHE(L - s
Bm' s,

2.3 RBER
2.3.1 RUFEETEN R

Kl 5a.5b AN F & A A0 R RE 25 1F R

5 ELUEERASXEHEREN KRR SRS EEER: (a) W1 LTI T GUHHISJET 1 2326 15 5 5
(b)W7 THLT GIUAR MDA JE U Y 73 B 5 () WO T T a3 Bo kA i ERR G 0 5 (d) DS T80 eI BEXT e A 3 ) E AU

Fig.5 Regulation effect of the combined grid structure on water-stony flow :

(a) separation effect of GI under the condition of W1; (b) separation effect of GII under the condition of W7

(¢) deposition along the depositing area behind check dam under the condition of W9

(d) deposition along the depositing area behind check dam under the condition of D5
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Fig.6  Regulation effect of the new barrier system formed by combined grid structure on water-stone flow
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Combined Metal Grid Device Designed to Desilting
Gravity-Type Check Dam

XIE Xiangping, WANG Xiaojun, TAN Yifei, ZHANG Yuhang, HUANG Hongxin

(Anyang Institute of Technology, Civil and Architecture engineering collage, Anyang 455000, Henan, China)

Abstract; Gravity-type check dams built in the valleys with high occurrences of debris flow are inclined to fail in

regulating of debris flows after heavy silting and decreasing storage capacity occurring in the dams; subsequent

overturning of debris flows fall on the downstream dam foundation, quite often resulting in dam damages, even

broken-down. The use of engineering measures to remove sediment and improve the sustainable use of check dams

after full reservoir is a practical problem in the design of debris flow prevention and control engineering.

In this study, it investigated the performance of gravity-type check dams by theoretical analysis, model
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experiment and other research methods, and then a fish-ridge type metal grid structure ( a herringbone water-
sediment separation structure) or a combination metal grid structure was introduced to build up a new type of
barrier system for regulation of debris flow, and the control effect of the system was examined.

We have the following results: (1) Gentle gravel slope behind dam formed by sediment accumulation because
of debris flow transportation in the reservoir of check dam and the combined metal grid structure can jointly realize
the regulation of debris flow. (2) Under entrainment of water-stone flow, evidently the gentle gravel slope had an
active role in grain sorting and sieving, whereas under relatively larger erosion of watery debris flow, it was
remarkable in the effect of trapping coarse debris and discharging fine particles. (3) The particle grade parameter
(f.") of solid component in an occurrence of debris flow after being sorted and sieved by our advocated structure of
combination metal grid described a parabolic curve of first increasing and then decreasing, and it stood for its
drainage effect. In case subjected to water-stone flow and watery debris flow, f.’ could reach 41.5% and 36.9%
respectively, with a maximum drainage effect, the best function of trapping coarse debris and discharging fine
particles. The separation efficiency for a bulk of debris flow sediment or its coarse component by a combined metal
grid structure were directly proportional to the particle grade parameter (f,) of the original solid component of
debris flow. The greater the initial bulk density of debris flow, the more obvious the reduction of bulk density after
regulation was.

This study provides a scheme for further exploiting gravity-type check dam with full reservoir in regulating

debris flow discharge. It is engineering practical.
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