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Pool level analysis of highway loess dam embankment
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Abstract: In order to find out the idle reasons of loess dam embankment culvert for highway, the
calculation model of reservoir was established according to the geological boundary conditions of
U-shaped gully for embankment upriver water storage. In-out water modes were set up based on
the characteristics of embankment in-out water. Pool level formulae were proposed based on
seepage mechanics and evaporation theory. Water level was calculated with simulated
embankment parameters from investigation and actual measuring, and was contrasted with the
actual situation of embankment water storage. Analysis result shows that highway loess dam
embankment is of upper limit water levels without drainage and the influences of mud and sand in
normal rainfall, that are ideal average water level and upper limit peak water level. The upper
limit water level is not related with storing time. The essence reason for idle culvert is that upper limit
peak water level is less than the bottom elevation of culvert, and the effect of upper limit peak water level
on balancing storage should be considered in actual design. 4 tabs, 9 figs, 16 refs.
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Fig. 2 In-out water modes



16 X @ E

B K BT LAAE DY S5 R K A0 B I K 7 Y 22 8 A 1k
R KA B K T 2 (o) T 2 i BRAE A K
TSR TN B AN T L AR TS A7 B R — 4R R K
9365 d, T 5B 0, N — 45 40t 3 A Ak
Uiy T 100 o AT DAAS B AR B (R K A, B K AR e S
JE KA R A 3k 38 2l 25 7 i i K AL L rp )
T AL T 2(h) ., Co) G R B 35 T 050 1] 19 A £ T
B SEBRE OL T 0 PR K b 78 R K S F ) T
B A SCAL I 2 (d) | Ced 15 A A ] T 0 ik 47 3
B B 2D THRWN R 4 N H B 2 KW, 5
UK AT [ T 1) — 2 o o8 TR IR T 5 A T 2 R 0
BEEESE SN K 2() THEMZ 4 N L
Ree W 1 00

3 BAKUER

ERHEAKCER
FEPE 2 (o) Hr, 2 2 o R i I 1) G BR 388 s 26 K
4 9 AR T8 3R 1K B B0 251 A 6 19 58 A7 g R
R IR KA i 2 (D 15

(Kz K,

2L, 2L,

[S) + heot(a) | = Q,./365

A Qu N AT’ o, NAFZE K,
3.2 FEREKAEER

Prit ¢ K5 OKALRIK AL by T FEBR K AL
hy BB PE AR R R £ )

3.1

IV
365
5

) {hz [S, + hcot(a) ]} + Sk

0 e AS,
T = _hIJhlf(h)dh — 3005 4 o, +
i+ ACD G k) Gy k) +
SiraS + Sira XS (hy + 4y (6)
_ K K
A= 2L, + 2L,

IR D, @S EAAS E N ERZ QuHl
ka:slssz—hl>+%cot<a>sk<h§—h%) 0,

RS, — B2 it o B %) /N TS X 2R 25 5% I
HIR.A S, R0 6) (743514 Ky

f(ll):%(h§+h,§)(hz+h,1)Jr%(hﬂrhl) (8)

a, =Acot(a)

as :SkTZﬂCOt(a)
ka:%cot(a)sk(hé—h{?) 9

IKALAE ¢ KN AT 3R BRI K 4 2% 1 55 T

T R ¥ R 2012 4%
JEA Y A2 A B
St = Qu, (10)

B8 L (DRAL L0 BB AL by K

K, K, K, K\ ,,
sioro) gl -

ot gtge) ) [ (K 1)

3.3 PEWMBREKAEER
YR AER A ST R S A E R
7J(§ Q(r’ﬁ]% kaﬁﬂﬂ‘

%cot(a)Skhg 4+ S,Suhy — %cot(a)skh? -

h, :{—1+[1—

(1)

S:Sih —Q., =0 (12)
S, AEL 0 B @KL ke R
h — Sicot(a) [ cot(a) Sphl + 2Q., | (13)

Skcot(a)

E ROk 3T PANE S BN (i S A oS4 = S VA
¢ REYAPE K Q55 T 1 ] (9% s 52 2% i |
JEAE )2 A L B

St + Qu = Qi (14)
B (DORAR QD E KN by, BN

4 (p, —O—hl)}er

[%<h5+h%><hz+hl>+7

%col(a)sk(hé ) = Q, (15)

4 HEHERSH

Hilt& e G310 ££.G312 £ .G109 L &0
B A T I b AR S e A 30 R
U BG4 098 IS Y P AE 2°~20°Z (8], U #1458
— /T 100 m, 1 5 BF R G A ) T IR B AR AL B
LR E L i o R A Dl g ol ot W T 52 ¥
5 km? AR . B3R AL X8O T B T B X AR
FEFR & 76 400 mm AT, HFEE K EE 1 526.3 ~
2275.3 mm Z ", EAFERHBELE 17, A
SCHE IR 3 SR SR S B 3R 2. R A R
LR 1 10,0 £ B o Ky arccot(10) , 3155 T 000

MR (5 S5k 2, A4 BAR I (E K22 9. 031 3 m,

F1 ZNENES

Tab.1 Actual measured annual reservoir inflows

BREATR| MRS | AR EOKAED JLKE B km? | Qu/m?
G312 [K2 1294900, =% 1992 1.5 12 480
G310 |K168+700 | ~4& M| 1998 1.9 13 560




% 6 RHER L, AR N X IR E KA M 17
®2 NABREH MR 2 K, K, B0, 1585 U I AR (R K A
Tab.2 Parameters of dam embankment 13.334 4 m, Eﬁj}%ﬂ:ﬁ %ﬂ( HT%}J ﬂAfEEﬂ({JAjU 0, j,:,‘m
Z}éﬁ( IZ//(O) (K/\Ki/1> Lz\Ly// Sk//m fnz/ Q“f’;’/ %% 3 EPI%&%% 2 q:‘ﬁé%ﬁ Vﬂﬁﬂﬁ‘@iﬁﬁﬁ(l?ﬂ (15) ’
cm * S m mm m”
TEREE I (LD L5 15 A2 FI5E 70 4R Y 25 /K AL 45 5
arccot(10) 5X10* 300 50 1 800 |12 000
il el i LB 44 T TR BLEAR TS 45 A4 5 LI 3~8,
R3 HEIAREX
Tab.3 Calculation working conditions and meanings
T8 =9 SHUE VNS s
P— [ 2(b) AR IR AL Bl B K P B KL AR T BEAR 4 (B K AL
Jiiig
[ 2(c) -2 AR T SR AE B4 (B AR AR R 2 A B K A %2
‘ I 2(d) \ . y \ : TE 354 T A
rr ] T 2o Fr ) T 20 8 K A A T AR S L 0 22 (8]
ey &
ARBWLH| B2 | EEARBUE M ERA L RKA R ERKMAZEKREREN | £29 K, K, §0
LIESTYIN H 20D TE T E KAR P8 B B A R R Y BT R K R %2 TE AR S B R TTHR K L S 2
TH T 45 1 L5 K 07 6D 5 1 1 ) ATy T 9 4 T A
x4 BREAUHELER
Tab. 4 Calculation results of pool levels
T PRI K AL /m | B KA/ m | ERK AL /m | PR/ m | B KA S R AR K AL 2% /m AR R
& 2(b) 10. 324 2 7.654 3 8.989 3 2.669 9
L& TR
& 2(e) 9.028 9 9.027 4 9.028 2 0.001 5
9.031 3 15
K 2(d 9.890 4 8.117 3 9.003 9 1.773 1
o ) T
K 2Ce) 9.897 6 8.123 8 9.010 7 1.773 8
VN2 MR & 2(b) 13.334 4 14.233 0 12.432 9 13.333 0 1.800 1 70
AR koK L A 2(d 9.0313 9.906 2 8.133 0 9.019 6 1.773 2 15
12 12
£ &
= =
* *
e 71(& e
—ﬁ—ﬁ’@fﬂﬁmu
2r 2r
O | I 1 1 1 1 1 ] | I 1 1 1 1 1 ]
0 730 1460 2190 2920 3650 4380 5110 5840 0 730 1460 2190 2920 3650 4380 5110 5840
I 8)/d it [A)/d
B3 B LA — A & KL B 5] 0 R KA
Fig. 3 Pool levels of one inflow in extreme mode Fig.5 Pool levels of two inflows in mid mode
12
g £
= &
% —o— 7KL * 4
M 4T —— H I {E K AL Moy :gﬁgwﬁmm
2 2
[ul | 1 1 1 1 1 1 1 o 1 1 1 1 1 1 1 1
0 730 1460 2190 2920 3650 4380 5110 5840 0 730 1460 2190 2920 3650 4380 5110 5840
i 8]/ i [8)/d
&l 4 M 3ty T 00X 5] AR K AL K6 Hhal TOL3 5] APEE K AL
Fig. 4 Pool levels of uniform inflow in extreme mode Fig. 6 Pool levels of uniform inflow in mid mode



18

Iy

Hr

T 2 ¥ R 2012 &

% KAL/m

1 I L 1 1 1 1 1
730 1460 2190 2920 3650 4380 5110 5840

i []/d

B 7 ABE—KAEE KA

Fig. 7 Pool levels of one inflow without seepage

% /K Az/m

730 1460 2190 2920 3650 4380 5110 5840

Bt [E)/d
B8 IE A K A 3 KR B K
Fig. 8 Normal pool levels in frequency flood

M 4 FE 3~7 0] LA H .4 00T BE 34K
N TG % 3 B AR A A K A7 X AL 2 (oo 1 BAR 1 (E
KAV AR R 78 S — B . 5 KA R AR K 67 (%
AR A S 2K A7 32 1 B A BEAR (B K 2 29
JIT DA i i KA A b BRAE . o ) 0 ) 5 i K A (B
JN TR 0 L 2 (o) Y S e K VA 3 0 R g ST
B —3

e W v A e el | IR VPR N < B L B K £ W A
b R e e KA B B TR G S 7 AR A R — 1 L
T TR 3 i S LA TE K B B KA
RP R AR (KA A B BR KA. 3K 15 4R &K
T0FERNBIRIT AR EFEAERE —EHL T &
IKOEAFAE LR, S E KA R K RA XA,

N8 AT LI o RV AE B4 E (o, 2808
— R AIR LK, K R R AR K U K A AR
1o AFLJG 2 K ARATY Ay T 6 8 TR o B, K o7 2%
i Hof () T R 2 IE R Y B BR KL Z R .

DL B Hr 2 AE 2% 2 MRS S 80T 15 0 1, HLR
AR E MBI SR NG AR
WK, K1, S 80K L L, Ly o Q0N . 1 BR A B
REE K AT AE /N, )R ZR8% . R R 1
B 3 A8 35 (/K A7 (B PT BEAS []  {H 2K (B /N F
B SOVF I B R R B A BRI AL

UL 9, 76 TR 04 TR fe KA e AL S B A

W 4 35 8 K I 3 KA 0. 505 1 45 1 i 33 7 2 U
RSB @ AR T T R A ol HC R A KA E
PN L Ve Pk R K R A R AL A AN i
T 2 2 X ARG A K R 74 300 X SR 3R 3 itk 74t ) i
TEMELUIE YR . SR L A5 H 75 TE 5 AF A
D AR FRAEAE D0 T L JC UK I B 3R B I W A
K L BROKAE b BROKASE B A7 75 A & K AR FRBEA R AR
ST A SR ] DR A DO i PR R s BT A T L

/ N\ BRI % K A AL

CEL Yo .,

AR
e

T % K E R Rk A gﬁ # f@

Bkt 7 f £z
o

PR AR KA \ﬁ =
L \

K9 B kAL

Fig. 9 Design water levels

SRR AR AR S 2 A R L BT AR BRI R B R
APAE & 28 I K AF P K AR R K AR B3 B AR AR
0V E =N N DA o A DA S NP G B oY i S
R AT A2 L AR L )b BROK 2 A7 A A Bl 35 7K AR
BRI . anp 9. #5898 45 WU 5 B
AR SRR AR BN B B R AR LR TR
Y IE 8 B K b BR s K AL HBROTE AR R K A B
I T8 1] R A SR B R

XFF LG B SR BT R AN %8 R A
i 1 5P LA Sy 035 TR R A e 82 K T IE b BR i K AL
HUAS T 275 SR S R AR BR N BT R
LK T B H B [ 5L 0 I 3R 3R] Al L Ay T A A ik
JK H BT BE R IE H R B BR R K AL 2 A By T RR
IR AL A BB T TR T 1 3R PR ST R AT Y

AR Hh By 8t PR i 7K 57 0 T F) TR 1 JEE ¥ A g O
i 1 K- A AR A AV, o R KR L
JL SR A R A 2

g = QU1 —V,/W)

TR S B AR LA R 2 R . Q, it
Hhigi . M dtER V, RTRIFHKERE W,
S o AN LR IR 75 D 250 i3 B TR 91 [] s R R R 0k 2% 5K
5 R R KR R g o PRI f K
1 0L/ TSR A AR T b R K L I A T A
AP 30 1] P9 JEG T e A5 30l 157 g 75 94 BIR A K A+ Ik i
HILAES AR 2 B A B K B S £ BRIV RV HE S s 5L O
12+ PRI » 3 2 0 ] 35 T 2% PR O B A S A



% 6 B ik

NI B M X FYEE KA ST 19

TR B KRS Jo oK B9 2 XA 7R IE # & K B R
IKASE [

5 & &

AR SCEE XS B 3 L E K U B A5 LA 4 5
ZRAT S S A DX TR L AR R KR T A0 R R T
SEJEARAN eI A 2 M B 2 2R iR e E
B A A 3 o VR A S I T S ) UL S 2
BT K RLTHIRE I R At Y B 5 75 UK S P A Bl
A7 7 X PR AIE e 3 A 1 IR PR IR e e 2
BCE L EZ R, 45 R IR AR A
VAR 2R AT S UK B 28 B 9 b U 3R A IE
B K B BRKAE  b BROK AL B A7 7 55 3 K I TR B2 A %
Z5 s B R A AL/ T 38R I S T R e i T R ) AR
S D PR s SRR BRE i I R 3 A IR g 2K AL X i 7 A
AIRENE . FHAS SCT7 3% Al ) 28 A IE 3 K B R
{37 LI B2 SR BT AFEBR N YR U0 B2 2 50 RS
B4 X AR — 22 e

S % W -

References :

L1] @A, EES RS TR E 28 L H o E 58 30 XA
KR AT VYL B AT R 241 - 1999, 19(4) 1 24-29.
YANG Zhong-cun, WANG Zhi-gui, TAN Dun-yi. Relation
between disease of loess bridge on highway and loess zoning
in Gansu Province[ J]. Journal of Xi’an Highway University,
1999, 19(4): 24-29. (in Chinese)

[2] ®REW. AEHKRE RIS 8O0 b E S KR,
2006,19(2).:7-11.

TAN Zhi-ming. Research on design parameters of highway
drainage system[J]. China Journal of Highway and Trans-
port, 2006, 19(2): 7-11. (in Chinese)

[3] b 3 3R INXKABHKREIOKRIEM L] K%

KR B ARBE I, 2008,28(4) : 11-16.
SHEN Bo, AI Cui-ling. Evaluation indices of anti-flood for
mountain highway drainage system[ ]J]. Journal of Chang’an
University: Natural Science Edition, 2008, 28 (4). 11-16.
(in Chinese)

4] skl 3032, JH R, 45, 30 R 0 TR B B s Tk ot i3t i 25

KSR ] A 2 B A, 2011, 24(3) 1 29-35.
GAO Wei-long, ZHI Xi-lan, TANG Zhan-hu, et al. Calculation
method of water storage increment of culvert and attached
flood-discharge device in dam-embankment[ J]. China Journal
of Highway and Transport, 2011, 24(3): 29-35. (in Chinese)

[5 ] RAAR BR = TT0eR A AR IR 2 s FH K B 0l 14 X v
PR R LT 1. K Iy & LA AR 2007, 26(2) :93-98.

WU Bao-sheng, DENG Yue. Effects of controlled pool level
in non-flood seasons on the sedimentation in Sanmenxia

Reservoir[J]. Journal of Hydroelectric Engineering, 2007,

L7]

[8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

26(2): 93-98. (in Chinese)

KUCUKARSLAN S, COSKUN S B, TASKIN B. Transient
analysis of dam-reservoir interaction including the reservoir
bottom effects[ J]. Journal of Fluids and Structures, 2005,
20(8): 1073-1084.

J7 50 T IR R T 0 AT i O 30U v LB R A L.
KB4 1998(10) 1 49-53.

FANG Xue-min, WAN Zhao-hui, KUANG Shang-fu. Mech-
anism and effect of silt-arrest dams for sediment reduction in
the middle Yellow River Basin[J]. Journal of Hydraulic
Engineering, 1998(10): 49-53. (in Chinese)

XIONG Li-hua, GUO Sheng-lian. A two-parameter monthly
water balance model and its application [ J ]. Journal of
Hydrology, 1999, 216(1/2). 111-123.

BRI B2, X0 sk, 5. 2T i b X358 b 3000k gk v T
B R R 5 ] KR4, 2004(5)  7-13.

RAN Da-chuan, LUO Quan-hua, LIU Bin, et al. Effect of
soil-retaining dams on flood and sediment reduction in middle
reaches of Yellow River[ J]. Journal of Hydraulic Engineering,
2004(5); 7-13. (in Chinese)

PR N I R O O o A L 3
W Z PR KA 8 B2 T G2 LT . KA 244k . 2002(3) 1 12-19.
ZHOU Jian-jun, LIN Bing-nan, ZHANG Ren. Optimized opera-

tion scheme for deposition reduction and enhancement flood
control capacity of Three Gorges Project Reservoir[]J]. Journal
of Hydraulic Engineering, 2002(3): 12-19. (in Chinese)
HE XY, WANG Z Y, HUANG J C. Temporal and spatial
distribution of dam failure events in China[ J]. International
Journal of Sediment Research. 2008, 23(4) . 398-405.
AR, X0 5 . B R IX A A B A b AR T Y
)], P EBEE R, 2007,27(4) :559-565.

CHEN Li-qun, LIU Chang-ming. Influence of climate and
land-cover change on runoff of the source regions of Yellow
River[J]. China Environmental Science, 2007, 27(4): 559-
565. (in Chinese)

VERBURG P, HECKY R E. Wind patterns, evaporation , and
related physical variables in Lake Tanganyika . East Africa J].
Journal of Great Lakes Research, 2003, 29(2) . 48-61.
JIE R BiH:Ae, RGBT 2 H A0 TE 0 R s iR 4R
WESELT ] R4 TR, 2010,42(2) : 26-33.
ZHOU Yu-liang, LU Gui-hua, WU Zhi-yong, et al. Study on
rainfall space-time downscaling based on multifractal analysis[ J].
Journal of Sichuan University: Engineering Science Edition,
2010, 42(2): 26-33. (in Chinese)

VENEZIANO D. FURCOLO P, IACOBELLIS V. Imperfect
scaling of time and space-time rainfall J]. Journal of Hydrology,
2006, 322(1/2/3/4): 105-119.

FEEE.Z F hEAKEALENERLIT] BARTRESR,
2006,21(1):31-44.

REN Guo-yu, GUO Jun. Change in pan evaporation and the
influential factors over China: 1956-2000[J]. Journal of Nat-
ural Resources, 2006, 21(1): 31-44. (in Chinese)



