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Characteristics of the Overlying Sediments in Yungang Grottoes and
Its Impact on Surface Water Infiltration

DONG Pei, WANG Xusheng, WAN Li, QIAN Jing

School of Water Resources and Environment, China University of Geosciences, Beijing 100083, China

Abstract The quaternary sediments overlying on the sandstones in the Yungang Grotioes with a certain of thickness are able to slow
down surface water infiltration and reduce the damage of the grottoes from water intrusion. The gravel sand layer in the lower part of the
sediments is not important because of its high permeability, whereas the upper silty soil layer plays an essential role for stopping
infiltration due to its low permeability. The thickness of the silty soil is the key factor. When a surface pond of water exists, based on
artificial infiltration test, it is indicated that the water would quickly move to the top of sandstone if the thickness of the silty soil is less
than 0.7m, however it could be effectively blocked if the thickness of the silty soil is greater than 1.1m. Surface water could also quickly
infiltrate into a thin silty soil and then have influence on the grottoes through lateral seepage. The root canals of plants would
significantly speed up the infiltration rate. Accordingly, in order to reduce the risk of water intrusion, planting trees on the top of
Yungang Grottoes should not be encouraged.
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Fig. 1 Distribution of the silty soil layer overlying on the

rock mountain top in the Yungang Grottoes
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soil cover layer in Yungang Grottoes

43 R BEASC ANk gk g TRy R A 4+
SRS ERAY K AR IR Ih £, P& 90 LLAH van Genuchten 243
(V=G 304k (181 3)M

100 10
° MM o el
—pamal st — i
') IO i C|-.
~, ° T
£ =
= | =
2 =
_‘_‘
0.1}
2 -
0.01 L L

21 31 41
{RFA A f(em3-cm-?)

0 01 02 03 04 05 Ui m
A K /(em3-em3)

(a) ¥R 7k 5 451E ih &
(a) Soil water characteristic curves

(b) LBRHDRRIK 545 1E #h £
(b) Soil water characteristic

of the silty soil curves of the loamy gravel

B3 ZRNARESZELEKSFHAEMLE
Fig. 3 Soil water characteristic curves of the overlying
sediments in Yungang Grottoes

I 64

g, 00, .
OO a0 (1)

Hodr 0 N&KE, emYem®; 6. F1 6, 53 51 Jg 1 1 K 5% 45 & KR
cm¥em®;h B S1,emH,050 .0 m HAKSE ,m M n 1)

K F K m=1-r170

IIA GRS B ) BE BT R e T LR )2
SRR ANE EVE R R, B L IRE S RECN 6.8x10°~3.6x10%cns,
- ME K 9.6x10em/s | J& T % i@ M L 1 1P BR)2 508 R AL
N 12x1072~2.1x102cm/s , J& T3 38 /KA i

iy B e 45 A AT U A 55 2 2 b 4 s Y
KB FRE R R PR . SR R B AN A R
TR 1 2 7K R = 3 7K A3 R A i 4R A 25 9RO B S (H G 5 1
BRPEAFTE W25 22 50 . BRI Ry L2 35 K AR 22 | B A8 BHL i
Rk A 0T F 00 b 5T 00 0F 0 3% oK PEAR 3, — B K 43 8
A TARZE 4k 2 % E A BIAD 5 B9 KA 2By o D9 ot 2
)2 T B R 2 % BEL A A0 R B K IR R ORAE

F1 BEERIEKDAZEEHEH
Table 1 Soil hydraulic characteristic of the
overlying sediments

WHBE BERE WRE  Ekas V-GEAE
MR ORBGEE OFBIE k%R k% ZH

/(m-d") /(m-d?) /(ecm-ecm?) /(cmPen?®) o/em™ n

FFEZE+ 02~0.8 0.46 043 0.14
TR 10~20 13.3 0.36 0.05

0.57 2.12
045 2.7

3.2 KA TBHHE

KAl bh X 3 = 58 A 2T, 25 5 TR AR Bk, a2l
T e il 1T AR AR T 12 3 B 55 2R, A B 1 A R 1B
KAEH, AT A WNEEZR L ER KD T BN, A SO —
A TEAZ W AR SO I Ry 2T T T T AT B KGR
I, PR LS , 7R TS — W AR A, K
70cm , B 10em, J&3H K AR EEK T 5 = I 09 TR LFF 55
P R Y 53em, B by £, RZ SR ZE M 12:36 FF iR
AB e R W N B R (K 4), 12:43 B R K T &
TRBEIR Sem, 12:47 FIT A0 58 SR 4 90 Bk BR M e i BB | 13
M DX A AT B A AR ARSI B LS T 1, W
T BEH 52 BT K 20 FE 1min 2 NS BB EXICS, &
T 308 3 1R B TT R 5 0 0 T % BA A — /N R ZE T A OG
12:49 I 5KV BE 9em, 12:54 F K IREE Tlem, Tl w75 13
20 235 20em WAL, X BRAE PIAR B A BUR 550 5 iy 1k,
PRI T RSO0 M UG T AN W] B 20 3138 AR B (3R 2)

K HE Green—Ampt A 35 B I i 5 o 4 E R 2, S
B2 (RN

= 9;;9‘ ()= (sy+H) In s (2:2‘“[” 2)

Ho s AW S mH0;H M i LUK R E m;6



] jcmik

##54 2013,31(10)

#5218 XX (Papers)

S 70ecm

GE)

IR ik F R RS = f6 S
- i B < BRI 12
B4 BEREAINSRE SR EEEMEHTE
Fig. 4 Schema of wetting front movement in the
artificial infiltration test

F2 AINESHWITHEEEHERER
Table 2 Data record of wetting front movement in the
artificial infiltration test

it %1 t/min z/cm
12:36 0 0
12:43 7 5
12:47 11 9
12:54 18 11
12:55 19 12
12:57 21 13
13:04 28 16
13:10 34 18
13:21 45 20

AR KR em¥em?®; K, M FNE 5 250, em/s, LT A
e A E S A5 R BT T AT, AR A A RE S
B H=5c¢m,0=0.14,0.=0.43 ,K =5.18x10cm/s, {1 k15 2 1) A%
BT RIS TR B 5 SN 25 R B A ARG 1 — BobE (181 5), IR kTS
$=3.97mH,0 1 D=0.62m%d,

i 1Rl /min
10 20 30 40 50
0 ¥ T T T
o il ihek
Sty O — ik

SR 4 1 R fem
oo

oy

25

B 5 i w25 ST E KX L
Fig. 5 Comparison between observed value and
simulated value for thewetting front in the artificial
infiltration test

ﬁm\mmi REVIEW
33 EEERMAREKNEM

oz WA SR 2 T 5 X W 2R 08 FE A B R 2R il
LB IR T KRGS () 2R AR . K Il R Ty K28
RAEEREL, ZF/ANTAB R LR 5, & 12 & Y
BRI B B A BEARTT G5 R A RB K, TR
Wik TR T DK 5 1) Rl AL 25 5 T2 i R BRUK, 7 2R B R 2 1 1 0
KT, XMTBIREFL 0.5~1d, 57T fE 2 ik 11 & 1Y 5
i UE B 2B B ABIA RN, —BBUKBCR S, TR
AURT LA b KA S RAUK . I, 12~24h WA B I
AT T J2 1) T8 2 ) W A T A T8 K XU 1) DG B 000

FIHTT A Green-Ampt A B HIB A T A B 5 A5 19
ZEH, AT LIRS R FRUK T A (I A B IE T AE 0.5d N F3k 0.7m
R, 78 1d WEK 1Lim W, 7T WAty + 28 &N T
0.7m, # R FUK G EAL 75 )2 I 18 A0 w2 K KU B, T 4
K LENEERT Lim, EARNSE AR B K, ERZE
AR, 2 8~9 5 A 14~16 5 (1L 2 3 1L 00k £ 2 I
BEIRF] 0.5m D b, AT LA RO BE iy 3B K  HA A & R
FARTRIN 1~4 5 5 AR A 1 2R, A bR 2 BH #iF s K
YRR o A8 4 R 22 800 i TR By 2 8 B/ T 1.0m, (H A
AE P LA 8 Bk KBS AR R b T ARK 17 A I T 2 B i
(e, A T TOURR T 7 1 L A4 30 5t aly HE AR | 12 R b
T MELIE BBUK X AEAR KFERE FHIES T K I R 5,

R BUKAL AT DU HoAb M 7 Se 5 s B w2 )2 AR b o
R THUTHT | WA 400 Bk J22 N 2 1) ik X Ak LB 5 i 3l 30 00 e BT e
L&, 7 ABK . B2 WARAL AR LA BT M RAL I PE AL 7R,
FETENS )2 W55 #3F  F T WK T 8, T RE 2 X Al 0l 1) iz
IR M RIRIX

MR, iRy b2 R OB B O N IS T T
oo MYREH IR 7 ARG B 4 B 00l g | AR A
A LAIE JCPR B T 2 58 G PR O AR A A LRI A0 B R £
JEARIERTE R A PR T %, R SCER A, = W
i E R A I AR R R BE T 3K 30em, TR OK (Y AR &R TR BE T 3R
60cm £ H R, TCARE I 30 198 L2 &L % R 2k H)
0.7m, USRAEAR 525 B E 25 WA 9 AR FN TR A By £ 2=
B R B B R T 23 3] 1.0m A1 1.3m B, BEPAER + 2R
JE A TEVE B AR e B DR R 2 I, 78 2 A L TR R
T BEI /D A A LA A0 TR 2 2K KUK

4 £ig

e X R e LA A — R JREJEE Y 5 DU R B 56 )2 RE RS
& BB FE K S R A B K e AR . XA R
HA RUZEE M FRAE, B3 a8y 128 Tk i 3 1, B K AR
25 I BRZ B T L BURb 0% B K MEAR 3 . FLIE AR A8 X R
KB AL B A 002 B0k 2 ik R R R R E A
TS T AFAE B KUK 10 G B

W ER A B MERH ST BE SN ERUK, 2
WA B KR EE R R I A 2R, R
KAEH L JZ M A B R, T RLT 0.5~1.0d MK 0.7~

65 N



] jcmik

g\ %8 X (Papers)

M EH) 2013,31(10)

SCIEACE & TECHAOLOGY REVIER

Lim WRIE 4k BJRREE/NT 0.7m i, 75 5 S B 2K th
BT B B A e TURS 5 4 2R 25 8 BUK AR PR 28 19 52, by 4
JZEERART Lim A0 UA RSO A K &, A4
REBATR TR 122N T 1.0m, (H il T B AR 05
NG P A BK B K KA S EIR 4K, # RBUKLEHR
EHA MR LA T POE R B, ] BRI 0 15 B R R
ARBK, YR BTF (e 2 B IRk 3 R R
1,z XA L TR AT 8 Dl /R AR LA A T 9B K KU

2 3% X #f (References)

(1] B4k T, SRR IT. B xd = XA A B i B 52 ()], SCiRdm 5 2%
i Bk, 2004, 16(1): 1-8.
Huang Jizhong, Zhang Junfang. Sciences of Conservation and
Archaeology, 2004, 16(1): 1-8.

[2] 4k 8. 5 S35 2 KA R B R AR B D). SC i 2 R 2,
2008,20(S1): 114-121.
Huang Jizhong. Sciences of Conservation and Archaeology, 2008, (S1):
114-121.

(3] Wl5, LB hPg K1 2 WX AR B K R b O ARG [J] e
#t, 2003(6): 76-77.
Shang Jianbao, Shangguan Xuebing. Shanxi Architecture, 2003 (6): 76—
77.

[4] T BE. = AR EELS K W5 S PR [D]. AL at: o M BT 2 (A ),
2006.
Gan Xiangming. Study and control of condensation water in Yungang
Grottoes[D]. Beijing: China University of Geosciences, 2006.

(5143 Jio. SR B0 Sl R ok #2010 BUR W1 AB 5T [D] 2290 : 22K
%, 2009.
Yang Shanlong. A preliminary study of the moisture and salt distribution
in the cliff of Mogao Grottoes at Dunhuang [D]. Lanzhou: Lanzhou
University, 2009.

[6] Yamanaka T, Inoue M, Kaihotsu 1. Effects of gravel much on water vapor

transfer above and below the soil surface [J]. Agricultural Water

Management, 2004, 67(2): 145-155.

FiR

SCIENCE & TECHNOLOGY REVIEW

B 66

[7] Thaulow N, Sahu S. Mechanism of concrete deterioration due to salt
crystallization[]]. Materials Characterization, 2004(53): 123-127.

[8] Charola A E. Salts in the deterioration of porous materials: An overview
[J]. Journal of American Institute for Conservation, 2000, 39(3): 327-343.

[9] S¢S, gk [, RWH . & K AR K E B HR B E (J]. R K,
2008, 30(5): 116-118.
Wu Baoyan, Zhang Aiguo, Zhu Lijun. Ground Water, 2008, 30 (5): 116-
118.

[10] ¥ dkiE, J7 01, i, 55, o WA RK o0 ok AR A TR S 1 IR (D).
TAREER, 2012(11): 1-4.

Huang Jizhong, Wan Li, Peng Tao, et al. Geotechnical Investigation and
Surveying, 2012(11): 1-4.

[11] skZriy, SEBR, 35 E, 5. KF = KA SO B K% B 6 5 5
PRIT[I]. 7K SCHb BT T2 i 5T, 2004(5): 64-67.

Zhang Hongmei, Ma Guodong, Su Baoyu, et al. Hydrogeology and
Engineering Geology, 2004(5): 64-67.

[12] T3, W SCHE, EIBTF, 5. 7 WA R PO A A 000 4 R ). T
FRIEL, 2012(11): 6-11.

Wan Li, Cao Wenbing ,Wang Xusheng, et al. Geotechnical Investigation
and Surveying, 2012(11): 6-11.

[13] Van Genuchten M Th. A closed form equation for predicting the
hydraulic conductivity of unsaturated soils [J]. Soil Science Society of
America Journal, 1980, 44(5): 892-898.

[14] FER0R, . = KA RIBK GG TR 4R, Jbat: @il ip s
B IEERT TS BE, 2003.

Fu Zhibin, Peng Tao. Exploration report of waterproof protection project
in  Yungang Grottoes [R]. Beijing: China Institute of Geotechnical
Investigation and Surveying, 2003.

[15] Green W H, Ampt G A. Studies on soil physics flow of air and water
through soils[J]. Journal of Agricultural Science, 1911, 76(4): 1-24.

[16] 4L, FEK A BAM A RAERG ST, K SCHL T TR 5%, 2009(2):
29-33.

Li Jinzhu. Hydrogeology and Engineering Geology, 2009(2): 29-33.

(FHES%SE RKEY,EE)

(B SMMEE HE X E”

A He ik R X B 3 H AR R R (FHHEC AR
BA R YREZEE—H B RFTAFLERE
— B PR R ARGE R AR R AT A R R A ik
KA ; R Wz AR B 75 E RS AR KT
TABAKR BT AR, B R £ FW 5 HERT
300dpi; X % ta R PR, BB B R0 F R Tk R
W AR AR, E&EAS www.kjdb.org,



