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Abstract: [ Objective] The effects of gravel on the moisture infiltration characteristics of excavation spoil in highly
weathered dolomite tunnels were investigated, in order to provide a scientific basis for evaluating the stability of
safe spoil disposal sites while excavating large-scale water diversion tunnels. [ Methods] Indoor simulated soil
column infiltration experiments were conducted using a one-dimensional vertical constant-head infiltration
method, with gravel-free conditions as controls (CK). This study examined the movement of the wetting front and
variations in moisture infiltration rates with three gravel particle sizes (2—5, 5—10, 10—20 mm) and four gravel
contents (10%, 20%, 30%, and 40%) in a highly weathered dolomite excavation spoil, while also fitting and

assessing the applicability of the infiltration processes. [ Results] Compared to the CK treatment, including gravel
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in the spoil significantly reduced the depth of the wetting front movement, moisture infiltration parameters, and
cumulative infiltration amounts under identical time conditions. The initial, steady, and average infiltration rates
and the cumulative infiltration amounts decreased by 17.34%—68.67% , 6.45%—51.94%, 28.51%—73.06%,
and 6.74%—49.42% , respectively (»p<<0.05). Gravel had a significant hindering effect on the moisture infiltration
process in the spoil, with particle size showing no significant influence (p=>0.05). Meanwhile, gravel content had
a significant impact (»<C0.05). As the gravel content increased, the suppression of moisture infiltration showed a
threshold effect. When the gravel content surpassed 30%, the changes in the moisture infiltration parameters
became non-significant with further increases in gravel content (»>>0.05). A comprehensive analysis of the fitting
degrees of the three typical infiltration models and the physical significance of the simulated parameters indicated
that the Horton model was more effective than the Kostiakov and Philip models in simulating moisture infiltration
in a highly weathered dolomite excavation spoil. [Conclusion] The gravel content was a primary factor in
suppressing moisture infiltration in highly weathered dolomite excavation spoils. The Horton model showed the
best applicability for fitting the infiltration process.
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Fig.1 Depth variation of wetting front migration under different gravel content and particle sizes
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Fig.2 Variation of soil infiltration rate under different gravel content and particle sizes
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Table 1 Variation of soil moisture infiltration parameters under different gravel content and particle sizes
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CK 6.7240.23" 0.2340.01° 0.61£0.15
10 5.16+0.15" 0.214+0.02" 0.5240.07"
20 4.3040.20° 0.1940.02" 0.44+0.11"
2~5 mm
30 3.05+£0.17¢ 0.1640.03° 0.30£0.03¢
40 2.7440.07 0.1440.02° 0.27+0.04¢
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Fig.3 Variation of cumulative infiltration under different gravel content and particle sizes

24 AEHASERNEZFHETAKINETEZE
by it — 2 W IR R Bk A d RORL AR AR A T A
KA A BB, A W5 K H Kostiakov, Philip F1

Horton # B XS A [A] 85 A1 % 1 SKOoRiAR 26 4 T LA S
R I R A A R AT LA, AR SRS
SRR 2,

%2 FRABELERNETLRNSHUNALR

Table 2 Fitting results of soil infiltration models under different gravel content and particle sizes

WAL Aﬁiﬁ Kostiakov 5 %1 | Philip 1% 7 | Horton #5 #Y |
SR/ a b R’ S i R i i ¢ R’
CK 17.72 1.01 0.93 16.59 —0.49 0.72 11.64 0.27 0.30 0.98
10 11.96 0.99 0.90 12.50 —0.30 0.73 10.76 0.28 0.30 0.93
95 mm 20 9.85 0.97 0.89 10.50 —0.24 0.73 8.53 0.27 0.27 0.93
30 8.21 1.12 0.89 7.00 —0.14 0.66 7.03 0.16 0.32 0.98
40 9.17 1.25 0.96 6.69 —0.14 0.65 8.12 0.15 0.39 0.99
10 11.21 1.00 0.89 11.62 —0.29 0.72 10.00 0.25 0.30 0.92
- 20 11.22 1.19 0.91 9.00 —0.20 0.66 10.53 0.21 0.39 0.97
o 10mm 30 8.34 1.13 0.94 6.96 —0.13 0.69 7.43 0.17 0.35 0.99
40 7.69 1.11 0.92 6.62 —0.11 0.70 7.84 0.17 0.40 0.95
10 8.89 0.90 0.91 10.52 —0.25 0.77 6.82 0.19 0.21 0.97
1020 mm 20 8.88 1.08 0.88 8.09 —0.17 0.67 7.67 0.17 0.31 0.95
30 8.92 1.23 0.95 6.75 —0.14 0.67 8.32 0.16 0.40 0.99
40 9.32 1.42 0.86 5.73 —0.09 0.60 21.78 0.18 0.91 0.94

T ra, b WA HG STHWB R i HTEABER; I IREG o WG A B E K.

M 2 BT 40, Kostiakov F1 Horton 5 A4 (4 1 & & 0.60~0.77, F ¥ L & B 4K Ik 3 B M« Horton A5 Y
(R?) ¥ #8 i 0.86, 1M Philip #& & /4 #1 & F W 4 F (0.96) >Kostiakov # % (0.91) > Philip £ 4 (0.69) .
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[F] B, 45 G A B BRI & 2 8050 b B IR T A B
W& . Hob, Kostiakov # B A S8 a #om A B
2 0 AER a (B, BERT A B R AR IR R . 7EAR
FRR A AT o HR/DEIKRFERN . CK>
10%6>>20%>>30% =40 , 3% — &5 5 5 52 B4 A0 W)
G o HK,TE Philip BEAL 280 SOIE 3O 0] [z W)
T A5 HR AR R i B4 5 5 S E A AF L R G
(R A8 32 A SUE 2 oy 4, X 5 52 B il
AFF o BEA, 78 Horton #5520 (T HL 45 S b | AN [R) 5 A
FHRAMT W ABBEFEOES (HH RN RERD
FI N CK>10%>20% =>30% >40% , 5 52 1% i
— B ABBEILAY ¢ (8 AE AT ST B S A K . ZR S
I E 55 00 A A 18] 1) — BovE &P A RS 2R B, Horton
Y (1 00 B R i, PRI 3R S TN )8R 7
BRI S5 T % 53 AR K Gy A8 i R BB .

3 W w

31 BAXMNFEIENSHENZ I

it TR R A A RHR A
[[IRE AR AR NS P N U F TS A T 37 g o N ]
K Griz Bl HE B UKL AR () R 35 A0 Pl A 3K 4
AB BB RE I, AR5 R, kA X 15
BiHEaE TIEABREELBZITAB AR B F
14 BEL W RO , 3% 5 4 TR AF O ST A5 R — B, AR
WO R I R Bk A T 035 A L B 45 A
B A ML B 38 R R AL B A AL AR AR 3K Ay
AB . X—HLREHTAFRXZ RS
ok A 5V RS TR DA KA A B i A
WKL B BE B, By W IERR A B AL TR ) KL, HL R
ANERN AN IK)Z 230/ e 2 7K 7 1T, A 1T 26 B
TR I O A = I = 0 e i 2 N RV 3 M LTI
B HWR AR SR IR & IR AR RDRLAR SR, 2 5k
A& AN 3026 B Bifi A Bk A7 7 A 3G 0, BELR &L
D7 R G T S R A iR 3000 B, B AR S
BAAAHERAL B EEEZR, XEZEEHTHE
09 A RLCFL BB R X /0N K U T T AR A 2% T R
A AT B R E A AUAL B Bk R R e
T AT AL B R 3 B AR s M R 1A B 3006 1
23 3 BOA RCAL B EE BB E S Bk S AR 2
BF, 5 A2 BURR i — P R, X W R R
XK A3 A B S B I A K, TR A R AR T B 3 Y
TSNS I N o N IR = Yl N /T
O ATHE 27 + e e S n e . v hE 2 T e R
BB B BR A MR AR A 0 T B, Y
kAR AR 3 I 1M1 7F 35 43 49 A 1 AR, 3 Rt

B ABBESMEGMZIE K, E—CRE L
RELAS 17 9 55 1 i # , DA T 5 300 1 8 A 3 3K A [R]
16 % S T T 0 S () BT A 4
32 FELIEASNEEBEESH

FE L AAROK 43 A B BRI AG fE o R T R TR
Wt AT AR M R G E B A B 58 X Kostiakov
Philip . Horton 31X 3 Ff #7532 /K 43 A 5 155 1 ) &
g5 B 4y Br % U1, Horton 52 7 9 #1 & 2% R e 4,
Kostiakov #% % ¥k 2 , Philip #5581 $l & 8 R 48 %
Horton & A fy T3 FH T AE 40 A0 4= b iy 3 1 — 4 A
B, HS5G M BAYHEE L EREZH KIS A
B o BB P ) RO B AT, SR, Kostiakov
Y 2 B B 8 BB Y AR I [R) JC RR i O B, K A
B R T IH K, 5LRKD ANBE AT, A
& T RAEK 3 AB P K iz sh 24k, B
ZAE AL hy — o 2 B AR S B0 W R 2R
OO, ANBE R B R B R D), T AR 1 B i
R A RS R, Kostiakov A5 B (g R* ()
/INTF Horton B A | A I Kostiakov 5 Y (1 #5540 %% SR 4H
X2 . ORI 25 45 SR 3 B, Philip #5 #L E
HTHIG &K 858 i HIEN — g E T A BT
L MA SCH B AR AERR A, B DL ULG 35O A0 XF
B2, BRI, Wu BB 58 & B Kostiakov A5 1 Xf
IR R A 1 K o A B R e R B X B AR
MR RAFEEZER , XATGRER TRANAEER

A A A A () 3 A
4 8

(1) 38 KAk 2 55 50 38 1 Bk A 00 7 A X
HEEH tHEABHEERBITTABREAAREN
BHL 200 o 5 CK &b AR L, 76 4R [ s 1] 9, 38 v
TR A A BRI B S R A B HUOR
S A B i W E AL W e, RS Rk B R e
B I 04 B 1] B 0 45 0

(2) WHE SR, ihA & R = A
Frit ERIK o A B S R i K (p<<0.05) , Bk A1
KA NP B A2 HAE X HJE 2 % 52 0 (p=>0.05) .
MR A SRR AL 3006 B BE A R A S a3, -
i B ds B &M [ R T A 0 B ] B R, £
BB A SRR A B R B E R (p<<0.05) ;54
17, YRR 2 ik 3026 B, £ 2 40 7 1 1 A2 1k
AR E (p=>0.05) s SFPEE A Z 15T , 25 Bk A0 & i Ab B
THOK S ANBESHRD KRR RN N . CK>10%
>20%>30%>40%.

(3) 37 #5158 A58 Y (1 #0145 i ¢ B, Horton Al
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Kostiakov #5 % A1 H Philip 455 %1 1) i %5 5 %5 481 558 X
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