BALE R A
202344 A

Koo e

Water Resources and Power

HOR Vol. 41 No. 4

Apr. 2023

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20221493

— AR T REEREE S Pam N SRR ERE T T

FERBF . BHE. KT H

Crfp [ 7K AR K HL A 2 BT 50 I8 WL Sl K 0 B B0 5 47 T K o S 38 = . BT 100038)

TEE: AT A wkAo P TAMOKAE A0 T2 R4, TBE AN B A KRB K Em ke RAE, A28 T4
HABKIER FHERFEAEZ-ANAEHR, S THKEA DA OMRERY ARFEOREIERF. 528 —H

EF Bt k@i EN S5k b A EHERA

AR AR B LAY BIRE TR B, 5 AT T E R T A m ok

Bt oA MERMERNZ T EELAERAARENRIEAR T ELAB LA A TERR 2R AR
B, 4Rt EIRGHREN BB IELIRTELA -2 HHELE L,
KER: MAKEAYRFE,RAM A EBEHEE SR ESS>H

FESES: TVI35.5 XEkPRERL: A

1 8l5F

XK FE B R K TORE R A KN B
B TRERURL B AR B K BB T R R A A% A2
A, A H R T A K — 9 TR A R T 1 R
Kl 0.014 5 FFE 0.013 5, BI Al 5 458 %¢ 1 270
Jioet . A XS RS K R IE T R Y
U ALLEN J J %5 % $UA TR A5 38 i B 5 2 50
T R REE 5K PRI ESER R A
S ] g 0 A S o R B A Sk AR K I B 9 1
BT AT A L K T 2 AR A DR 3R R R R e
A TC G — A e [H i 7K SR R R (E W e B e
) TR 32 (0 38 R m 18 K. H A2 I 7K 50
YrkE 3 5 K G A L3k U 2R 1H 1 B 5% Gl R A
SR T T2 ERRA KL, TR ER/KiE
AL T BEL 37 5 DX 6 T T 34— T8 R R AR BE
I WA RS, 3 30 2 T A4 R RS B R 5 e R R 1Y
I FEERE, T #RmK TR, 8RR
K S A5 R WL (4 7K g A O R I SRS R Al . (HXF T
BT A 38 K i K TR A B HL R S (D) G
TS . SRR AT B I K R SR A
S THT 11 248 o RS B I Ak GRS 5, U)X A BT T
(RN NN R o 3 K ) R i = W S R A
SR A I T R A 1) e o AR A R T 3 g AN R

Wim B
HEEME:

2022-07-20,f& B H#3: 2022-10-19

XEHE: 1000-7709(2023)04-0135-04

S0 L 40 I (8 T 5 S R I 4 i
3 A 2R R 42 fuh 0 B T K LS o A )
27 I Jr s 4 % LR 3 oK S LA K TR e 2 T
2 A REL A 5 00 30 T 5 0 36 D T A S 4%
B, Y AR SCHR T T B B R 1
DR FE 045 77 0 L 5 7 e 500 90 795 R 08+
TR IR A 91, 407 T H 4 TRLRE JE S 1 B L O
BT HC MR B B R L 4 R T A Ak
K TR ARE R A B K A R B — 1
SHMH.
2 MEFE
21 @XTrEfEENE N EE

ST 6 3o 94 % T A A 4 % REL R L SR
ST HLSS B TG (S AT I, T2 8 5t 1
YRR R AR 2 A K 45 2RI it 5 B
T 24 LB LA B8 A TR B DU KK 5 0
AL HHARSHE 1.

F1 FTEMAEENENEARSH

Tab.1 Technical parameters of surface roughness

measuring instrument
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Fig. 1 Schematic diagram of first and second

level grid division
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Tab.2 Sample statistics parameters
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Fig. 2 Histogram of sample frequency statistics
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Fig.3 Picture of concrete tunnel surface
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Fig. 4 Histogram of absolute roughness frequency

statistics under different sample sizes
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Tab. 3 Statistical parameters under different sample sizes

FEAZ Wk BORBERFTE O BE A i g

/A /% XE/0.0lmm /mm = BE ;-3
100 24,00 (6, 8] 0.10 0.05 1.62  2.97
200 14. 50 (6,8] 0.15 0.11 2.49  7.76
300 17.33 (4,6] 0.13 0.11 2.69  9.47
400 15. 00 (4,6] 0. 14 0.13 2.51  8.30
500 16. 20 (4,6] 0.15 0.14 2.48 8.01
600 17.17 (4,6] 0.14 0.15 4.19 32.08
700 17.00 (4,6] 0. 14 0.15 4.24 33.33
800 15.25 (4,6] 0.15 0.15 3.99 28.06
900 16. 11 (4,6] 0. 14 0.15 4,03 28.36
1 000 14. 50 (4,6] 0.17 0.19 3.72 20.77
1 100 14.91 (4,6] 0.16 0.19 3.82 21.97
1 200 15. 25 (4,6] 0.15 0.18 3.93 23.42
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Tab.4 One sample Kolmogorov-Smirnov Test of InA

BEAZ EASH EinE WERE I InA
/A A o B HGUD R VT
100 —2.37 0.46  0.075 0.63 0.365  —0.090
200  —2.13 0.66  0.047 0.78 0.037 0. 564
300 —2.31 0.72  0.052 0.38 0.142 0.044
400 —2.27 0.80  0.039 0.59  —0.082 0.353
500  —2.23 0.83  0.050 0.17  —0.016 0.062
600  —2.33 0.87  0.043 0.21 0.030 0.079
700  —2.33 0.83  0.036 0.34 0.076 0.251
800  —2.26 0.83  0.026 0.63 0.018 0.292
900  —2.28 0.82  0.032 0.30 0.071 0.253
1000 —2.18 0.87  0.030 0.34 0.160 0.217
1100 —2.28 0.92  0.027 0.39 0.075 0.181
1200 —2.30 0.90  0.029 0.25 0.128 0.276
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Tab.5 Interval estimation of roughness

AR /A InA BAEIXIE95%) ATFAE XA (95 %)
700 (—2.39,—2.27) (0.092,0. 104)
800 (—2.31,—2.20) (0.099.0. 111)
900 (—2.33,—2.23) (0.097,0.108)
1 000 (—2.23,—2.12) (0.107,0. 120)
1100 (—2.34,—2.23) (0.096,0. 108)
1200 (—2.35,—2.25) (0.095.0. 105)
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Tab. 6 Interval estimation of Manning’s roughness

coefficient (At 95% confidence interval)

FEAR R /A Z/mm k/mm n
700 (0. 092,0. 104) (0. 327,0. 370) (0.011 8,0.012 0)
800 (0.099,0.111) (0.352,0.395)  (0.011 9,0.012 1)
900 (0.097,0. 108) (0. 345,0. 384) (0.011 9.0.012 0)
1 000 (0. 107,0. 120) (0. 382,0.426)  (0.012 0,0.012 2)
1 100 (0. 096,0. 108) (0. 343,0. 383) (0.011 9,0.012 0)
1 200 (0. 095,0. 105) (0. 338,0. 374) (0.011 8,0.012 0)
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A Method of Tunnel Roughness Estimation Based on Surface

Roughness Hierarchical Sampling Measurement
LI Jun-qiang, CHEN Wen-xue, MU Xiang-peng, ZHANG Zhe-qi
(State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute
of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Roughness is an important parameter which reflects water transport capacity of water diversion project.
The roughness value can be calculated by observing the frictional head loss. However, how to estimate the roughness is
always a difficult problem in hydraulics for the new unworked water diversion project. The surface roughness of water
conveyance buildings is a vital factor affecting the roughness value. So, this study proposed a surface roughness measure-
ment method relies on hierarchical sampling. Taking a new in-situ reinforced concrete lining tunnel as an example, the
statistical distribution of surface roughness and the minimum sample size of tunnel roughness estimation were analyzed.
On this basis, the roughness value range of the tunnel project was estimated, which has a certain reference significance for
predicting the water transport capacity of the new project and inspecting the construction quality of the lining.

Key words: water conveyance structure; Manning’s coefficient; flow resistance; surface roughness; lognormal dis-
tribution





