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Study on Hydraulic Calculation of Confined Storm Drainage Pipe
LIANG Xiao-guang
(Fuzhou Ciry Construction Design & Research Institute Co. Lid., Fuzhou 350001, China)

Abstract; In the process of traditional storm drainage pipe design, the pipe is assumed as full and
the flow regime as gravity, and the rational method and Manning formula are used for hydraulic calcula-
tion. This traditional hydraulic calculation method is unavailable when the tail water of outfall is higher
than the pipe crown because the storm drain is under pressure. The Federal Highway Administration’ s
estimation method is used in the preliminary design of storm drainage pipe due to the defects of traditional
hydraulic calculation method. The storm drainage pipe was calculated in a project case using the hydrau-
lic grade line calculation method of the Federal Highway Administration. The calculation results showed
that it was feasible to use the hydraulic grade line as the design basis of storm drain design. In the
process of case analysis, it had been found that the local loss of manhole was so significant that it could
not be ignored in the design, and submerged outfall could make full use of the head difference to reduce
deposition in the storm drainage pipe.
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Fig. 1 Hydraulic characteristics of non-full circular pipe
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Tab.1 Manhole head loss coefficient
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Tab.3 Basic design parameters
A Ry N TRy SN
ﬁﬁ%ﬁwﬂgﬁﬁég%@gﬁ%ﬁwgﬁgﬁg%
% g/ m hmz /%%( rﬁﬁ =/ m hmz ,‘zf—:ﬁ(
1 — — — 14 |10.70| 0.68 |0.6
2 [7.10 0.53 |0.69| 15 |11.20| 0.54 0.52
3 16.95 0.32 |0.59( 16 [11.70| 0.50 |0.67
4 16.80 0.45 |0.51 17 |7.55| 0.63 |0.53
5 |6.65 0.46 |0.65( 18 |7.40| 0.52 ]0.70
6 |6.80 0.44 |0.67| 19 |7.25| 0.61 10.60
7 16.95 0.40 |0.66( 20 |7.40 | 0.53 |0.59
8 |[7.10 0.70 |0.55( 21 |7.55| 0.47 |0.66
9 [7.25 0.38 |0.68| 22 |7.70 | 0.33 |0.52
10 | 7.40 0.47 |0.59( 23 |7.85 | 0.39 |0.51
11 | 7.55 0.48 |0.60( 24 |8.00| 0.55 |0.67
12 |1 9.70 0.69 |0.66| 25 |7.85| 0.55 10.59
13 [10.20| 0.42 [0.70| 26 |7.70 | 0.36 |0.61
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Tab.4 Hydraulic calculation of storm drainage system

(BEE RS Wit | it | BOHE IR E/m
AT 2 | RWE | A2/m i T
26 25 | 0.00 | 0.5 | 570 | 5.65
25 24 | 0.00l | 0.6 | 555 | 5.50
24 23 | 0.001 | 0.8 | 5.30 | 5.25
23 2 |0.001 | 0.8 | 525 | 5.20
2 21 | 0.001 | 0.8 | 520 | 5.15
21 20 | 0.001 | 1.0 | 4.95 | 4.90
20 19 |o0.001 | 1.0 | 4.90 | 4.85
19 18 | o0.001 | 1.0 | 4.85 | 4.8
18 17 | 0.000 | 1.0 | 4.80 | 4.75
17 11 | o001 | 1.2 | 455 | 4.5
16 15 |0.010| 04 | 9.70 | 9.20
15 14 ]0.010 | 05 | 9.10 | 8.60
14 13 | 0.010| 0.6 | 850 | 8.00
13 12 | 0.010] 06 | 800 | 7.50
12 11 | o0.010] 06 | 59 | 5.45
1 10 | 0.000 | 1.4 | 430 | 4.25
10 9 0.000 | 1.4 | 425 | 4.20
9 8§ |oo001 | 1.4 | 420 | 415
8 7 0000 | 1.4 | 415 | 4.10
7 6 | 0.00l | 1.4 | 4.10 | 4.05
6 5 10000 | 1.4 | 405 | 4.00
5 4 |oo001 | 1.4 | 400 | 3.95
4 3 0001 | 1.4 | 3.95 | 3.90
3 2 0000 | 1.4 | 390 | 3.85
2 1 0.001 | 1.4 | 3.8 | 3.80
3.2 KEZITE
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Tab.5 Calculation results of hydraulic grade line (P =2 a)
m
Rk A
%ﬁ%# %E 4.0]4.5[5.0[5.2|5.5[5.95]6.0]6.286.5
" Kk
1 — #.854.855.10p5.26/5.56(6.01(6.00(6.346. 50
2 | 7.10 5.11p. 11p. 19p.35|5.65(6.10|6.15|6.43 6. 65
3 16.95 5.215.215.295.42|5.72(6.17|6.22]6.506.72
4 16.80 5.305.305.38/5.5|5.80(6.25(6.30(6.586. 80
5 | 6.65 [5.405.405.455.57|5.87(6.32|6.37|6.656. 87
6 |6.80 [5.475.475.525.64|5.94/6.39(6.44|6.726. 94

.62 -



www. watergasheat. com

B RE @A K AR

#3345 %18

ZER 5 (Continued )

A KK AL

%ﬁﬁ% %E 4.0]4.5[5.0[5.2|5.5[5.95]6.0]6.286.5
K2 H KA
7 |6.955.535.535.59|5.76.00(6.45(6.50|6.78[7. 00
8 |7.10 5.595.595.655.776.07|6.52(6.57|6.85[7.07
9 |7.25105.655.655.715.82|6.12(6.57(6.62|6.907. 12
10 | 7.40 5.705.705.765. 88(6. 18(6. 63 6. 68(6.96[7. 18
11 | 7.55 5.775.775.835.94/6.24(6.696. 74|7. 02[7. 24
17 | 7.55 5.815.815.865.98/6.28(6.73|6.78(7. 06[7. 28
18 | 7.40 5.885.885.946.05/6.35(6.80(6.85[7. 13[7.35
19 | 7.25 5.945.945.996.11/6.41(6.86/6.91(7. 19[7. 41
20 | 7.40 5.985.986.046.15(6.45(6.90(6.95(7.23[7.45
21 | 7.55 6.016.016.076.19/6.49(6.94|6.99(7.27[7. 49
22 | 7.70 6.086.086.146.26|6.56(7.01(7.06|7.3417. 56
23 | 7.85 6.146.146.196.31|6.61(7.06(7.11|7.397. 61
24 | 8.00 6.186.186.236.35[6.65(7.10(7.15[7.43[7.65
25 | 7.85 6.246.246.306.42(6.72(7.17(7.22(7.507. 72
26 | 7.70 6.276.276.336.45(6.75(7.20(7.25(7.53[1.75
KL Bge |1.33[1.33[1.23[1. 18[1. 18(1. 18(1. 18[1. 18]1. 18
MR K SR 220, 730. 73D. 72. 69]0. 69]0. 690. 69 0. 69 D. 69
U 3R 7K S5 20 600. 600. 510.49(0.49(0.49(0. 49(0.49D. 49
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H<Tibrm 5.2 m B, /K2R 52 R K KA 5 i 5
K AFK IR b T i B 38 8 K K AL b T g 38 /) ()
W2 TW M 5.0 m FFFZE 5.2 m B, 268K 25 H: 7k
MM 6.33 m FTHE 6.45 m) ;24 TW KF45 ThR
5.2 m I, KT b i 25 R KK A6 L i R
AAH

@ Y TW S FHANBKNL5.95 m B, K2 H:
PR 7K THT 2 1G4 b T A 8, R A 18 M
AU USRI [ 55 16 40 M AR R = YT R R UK
AL+ 1240 28 fe JEHE B < 0,001 + %45 0.5
m” B, A G B BT A T KA T R AL TR K
YR I 20 BT R K] 9 KA s 1) R K HE i

@ 4 TW >6.28 m 0, KA b 1 9018 i
MTW =6.5 m Bf,5# 6# 7#. 194 20451 26#k: 7
R

@ Y TW=5.2 m B}, & THE RAR
A BOKSR TR IR R R K Sk 2k
PREEAAE , O TIFE A T IH S, K HIEW
KB TEHERE A LB RN

G KA IR A 50 m i, SRR Sk 4k 5 A
KERAR R B IR 42% ~45% , SR K SR Z
R 71% ~82% AT UL, K52 H JRy 7K Sk R 7E TR
IKEBEBITHAREZ M .

© K £ 3 5 9 H HC 1 B K £y ma
(1w,BoD, + 5% sk g # ok

(22 TW , MO A i B AR = BOC, G55 240

ﬁmﬁﬁﬁﬁﬁﬁﬁmﬁﬁmmﬁpgé

N RGP, FRZKAE T8 R GEHERCH LR
RS L (9 BOC,) |, DLKE R 2R 48 16 AR Ui
KA 22, N HEZK BE J70 0 HE 2K AR LA #L
HE) R KA B2 K 0 TR R L T2 AN
IR 2 45~ B K AL, A A5 AR B T it By it
) AKAL” 55 B8 E HE K BE ) FAR (b TR
H PR B 8 A TE TR I R /D R T RE R A
R, BAE P o

B R E B O 30 A8 (N BT BT A BT
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Tab.6  Calculation results of hydraulic grade line(TW =4.0 m,
P=30a) m
'8 A A A
e Rl el e R
1 — 5.20 17 7.55 7.26
2 7.10 5.58 18 7.40 7.45
3 6.95 5.79 19 7.25 7.61
4 6.80 5.98 20 7.40 7.72
5 6.65 6.17 21 7.55 7.81
6 6.80 | 6.36 2 7.70 | 7.99
! 6.95 6.53 23 7.85 8.13
8 7.10 6.69
9 7 25 6 84 24 8.00 8.24
10 740 6.99 25 7.85 8.41
11 7.55 7.16 26 7.70 8.49
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TG AE 7 N 57 B TR 50 B8 8 2 /K K
f25.5 m i, KK 2k AL VF i H 0. 1S m”,
KA FHWA 3L F0 5 (7 28R R0 R R
TR,

F7 FHWAHEMKERE(TW=5.5m,P=30 a)

Tab.7 Calculation diameter using FHWA methods(TW =

5.5 m,P=30a) m
G i | eSidiik FHWA
cd LA L L AR T
1 — 5.50 —
1.4 1.6
2 |7.10 5.71 -1.39
1.4 1.6
3 16.95 5.82 -1.13
1.4 1.6
4 16.80 5.93 -0.87
1.4 1.4
5 16.65 6.12 -0.53
1.4 1.4
6 |6.80 6.30 -0.50
1.4 1.4
7 |6.95 6.47 -0.48
1.4 1.4
8 [7.10 6.64 -0.46
1.4 1.4
9 [7.25 6.79 -0.46
1.4 1.4
10 |7.40 6.93 -0.47
1.4 1.4
1 | 7.55 7.10 -0.45
1.2 1.2
17 |7.55 7.20 ~0.35
1.0 1.2
18 | 7.40 7.28 ~0.12
1.0 1.2
19 [7.25 7.35 0.10
1.0 1.0
20 | 7.40 7.46 0.06
1.0 1.0
21 |7.55 7.55 0.00
0.8 1.0
22 |7.70 7.61 ~0.09
0.8 1.0
23 |7.85 7.66 -0.19
0.8 1.0
24 |8.00 7.69 -0.31
0.6 0.8
25 |7.85 7.73 -0.12
% |7.70| 03 |06 7.77 0.07
VE: 19% 20# 2680 R T IR U (RN DT
0.15 m, i R HLE o

MR T i Bl nT LA A1 T AR S R
5, R FHWA 331580 L 2 e 5 B A T

PR 8 FE KK 5.5 m B, 462 K TR fe 34
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