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Determination of the earth load is similar to the previous section. Tests
conducted on buried pipe have shown that resistance to pipe movement approxi-
mately doubles after rainfall or if jetting of the trench consolidates the soil around the
pipe. If the height of cover is less than the outside pipe diameter, it is recommended
that the backfill in the pipe zone along the length of the tied pipe be compacted to at
least 85 percent Standard Proctor (ASTM D698). The length of pipe L to be tied to
each leg of a bend is calculated as

PA sin (A/2)

L= f@W, + W, + W,,) ®-D
Where:
L = length of pipe tied to each bend leg, in feet
P = internal pressure, in pounds per square inch
A = cross-sectional area of first unrestrained pipe joint, in square
inches
A deflection angle of bend, in degrees A C?O ?
f = coefficient of friction between pipe and soil
W, = overburden load, in pounds per linear foot
W, = weight of pipe, in pounds per linear foot
W, = weight of water in pipe, in pounds per linear foot

- oA sin &
?‘-2PA$1n2

F = 2LA Wt Wie+2We) =

Joint not Tied

Figure 9-10 Thrust restraint with tied joints at bends
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Figure 9-4 Typical profile of vertical-bend thrust blocking
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Figure 7-8 Length of tied pipe on each leg of vertical (uplift) bend
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Vertical (uplift) bends. As illustrated in Figure 7-8, the dead weight resis-
tance needed along each leg of a vertical bend is 2PA sin (A/2). Dead weight resistance
per lin ft of pipe in a direction opposite to thrust is:

Dead weight resistance/ft of pipe = (We + Wp + Ww) COS (@o-A/2) (7-9)
Where:

We = overburden load, Ib/lin ft

Wp = weight of pipe, Ib/lin ft

Ww = weight of fluid in pipe, Ib/lin ft

¢ = slope angle, degrees (see Figure 7-8)

A = deflection angle of bend, degrees (see Figure 7-8)

Length of pipe L to be tied to leg of a vertical (uplift) bend is calculated as:

PA [sin(A/2)]

L= .+ W, + Wo)COS [0 — &/2)] (7-10)
with variables as defined previously.

I1 - PA sin A/2

19 PA sin A/2 (7-12)

T (We + W, + W) COS (g2 — A/2)
Vertical downward bends are resisted by bearing of the trench against the

bottom of the pipe. Properly bedded pipe should not have to be investigated for this
condition.

B VR R AR KPR B E SONIE, JKFETN s S A AT
P EONIE, AKPFET N A I it i, B, B 2 AR i
FHPEE o B IR % 1o A A5 A (5] UL AR AN B, R B AR s I

(?
goy. cos(abs(d1)-A/2)
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4.2.2

—REHERETZERIE

() FLAZWrmitH
BA ML b s Ao — AW, BN E LRI AN, FTE 2 AW AR T2 R B R BE= AR

Fahit
205 L 4B 285 s | sy p b s e
ML 5 | MR i;}}f Eg;; Eﬁj%%f j?;{;g T ER | | T ﬁgiﬂf T 5 | TEASERL | AR
0 27.337626 0 25.337626 | 25.337626 1.12 3.1200 3.84 2 8.16 31.4496
0 27.337626 0 25.337626 | 25.337626 1.12 3.1200 3.84 2 8.16 0.00 31.45 0.00
278.96337 17.454745 | 278.96337 | 15.28919 15.28919 1.12 3.2856 3.84 2 8.4911092 278.96 34.21 9157.79
353.24348 14913574 | 353.24348 | 12.613574 12.613574 1.12 3.4200 3.84 2 8.76 74.28 36.53 2626.99
500 9.3273125 500 7.3273125 | 7.3273125 1.12 3.1200 3.84 2 8.16 146.76 31.45 4987.90
500 9.3273135 500 7.3273125 | 7.3273125 1.12 3.1200 3.84 2 8.160002 0.00 31.45 0.00
573.64598 19.622343 573.64598 | 6.5765035 | 6.5765035 1.12 14.1658 | 3.84 2 30.251679 73.65 455.74 17939.74
1249.3147 2.2881694 1249.3147 | -0.311831 -0.311831 1.12 3.7200 3.84 2 9.36 675.67 41.96 168140.30
2010 -6.066896 2010 -8.066896 -8.066896 1.12 3.1200 3.84 2 8.16 760.69 31.45 27921.41
2010 -6.066895 2010 -8.066896 -8.066896 1.12 3.1200 3.84 2 8.160002 0.00 31.45 0.00
2573.5225 10.857903 | 2573.5225 | 7.7321966 | 7.7321966 1.12 42457 3.84 2 10.411413 563.52 52.36 23613.05
3020 23.371233 3020 20.24978 20.24978 1.12 42415 3.84 2 10.402905 446.48 52.27 23355.82
3060 23.713671 3060 21.371233 | 21.371233 1.12 3.4624 3.84 2 8.8448759 40.00 37.27 1790.79
3569.7101 28.077272 | 3569.7101 | 25.81823 25.81823 1.12 3.3790 3.84 2 8.6780853 509.71 35.81 18625.85
4030 31.834057 4030 29.834057 | 29.834057 1.12 3.1200 3.84 2 8.16 460.29 31.45 15479.77
4030 31.834058 4030 29.834057 | 29.834057 1.12 3.1200 3.84 2 &.160002 0.00 31.45 0.00
4596.7026 32.254615 | 4596.7026 | 29.834057 | 29.834057 1.12 3.5406 3.84 2 9.0011158 566.70 38.67 19867.59
5150 31.834057 5150 29.834057 | 29.834057 1.12 3.1200 3.84 2 8.16 553.30 31.45 19397.62
5150 31.834057 5150 29.834057 | 29.834057 1.12 3.1200 3.84 2 8.16 0.00 31.45 0.00
352904.63
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(2 BrFEZhHH

ﬂ;ﬂiﬁﬁﬁﬁ TR | A O ﬁi{ﬁf THEMEGRE | JHETGE | W o 8
0 27.337626 25.337626 8.1600001 31.4496
0 27.337626 25.337626 8.1600001 3.12 8.1600001 31.4496

278.96337 17.454745 15.28919 8.4911092 3.2855546 8.4911092 278.9633746 34.206268 9157.7913
353.24348 14.913574 12.613574 8.7600001 3.42 8.7600001 74.28010476 36.525601 2626.9853
500 9.3273125 7.3273125 8.1600001 3.12 8.1600001 146.7565206 31.4496 4987.902

500 9.3273135 7.3273125 8.1600021 0 31.449617 0
573.64598 19.622343 6.5765035 30.251679 14.165839 30.251679 73.64597977 455.73884 17939.736
1249.3147 2.2881694 -0.311831 9.3600001 3.72 9.3600001 675.66868 41.961601 168140.3
2010 -6.066896 -8.066896 8.1600001 3.12 8.1600001 760.6853402 31.4496 27921.412

2010 -6.066895 -8.066896 8.1600021 0 31.449617 0
2573.5225 10.857903 7.7321966 10.411413 4.2457066 10.411413 563.5224724 52.355564 23613.051
3020 23.371233 20.24978 10.402905 4.2414525 10.402905 446.4775276 52.267018 23355.816
3060 23.713671 21.371233 8.844876 39.99999999 37.272716 1790.7947
3569.7101 28.077272 25.81823 8.6780854 3.3790426 8.6780854 509.7101244 35.811383 18625.852
4030 31.834057 29.834057 8.1600001 3.12 8.1600001 460.2898756 31.4496 15479.775

4030 31.834058 29.834057 8.1600021 0 31.449617 0
4596.7026 32.254615 29.834057 9.0011159 3.5405579 9.0011159 566.7025885 38.666843 19867.59
5150 31.834057 29.834057 8.1600001 3.12 8.1600001 553.2974115 31.4496 19397.623

5150 31.834057 29.834057 &.1600001 0 31.4496 0
it 352904.63
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4) LTFE=gt
P RK R Ak R B2 P K E peep K& BEBRKE
1
28 0 0.0001606 0.0619 498 1.2623245
3K 5.199 0.0208835 0.6987 498 5.7655609
48 0 0.0003521 0.0917 990 3.7612456
5K 5.823 0.0264626 0.7844 12 1.0931383
6K 6.691 0.0163724 0.892 1014 2.8907284
7S 0.047 1.832E-05 0.0209 960 2.2989165
8P 11.238 0.0491941 1.5729 54 3.715
9 1032 5.762
&t 28.998 0.1134437 4.1226*2 5058 26.548914
5 AL
1 m’ 352904.6291
2 m’ 324348.9189 (ERERLN A 13694.07671
3 m’ 14861.63366 TR ZARFRIGAIE 14861.355
4 AAEREIEK m 5058
5 LK m 8.245160807
6 BURHEMNEK m 50.0581637 =HEK-TE kK
7 BEEBEK m 26.5489142
8 ALK (1.0m/%) m 8
9 B N B JE T AR m? 25891.00684
10 B AN JE T AR m? 29774.65787
N , ISR IOAIE A BURe IAIE
] Aoy AN 3 = S
11 B (T RER) m 698.3453387 64343998 54.95060785
12 BN (FiE A B t 31.42554024
13 B A EE(0.5m ) m’ 185.9988112
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423 BREFERKERIE
() FITEFIHEUEKE
el 94| I | A g | T o s t& | 4 TARES) | AT
TS| ey | ﬁg% i o [PV | S gg ];j; ok | DRI LA | o (WA o | KE G| i) TR | A
i f Al Kz Kz
d p2 A L L*
1 m|m|m|m/|m]|m kn/m?| & m KN/m |KN/m | KN/m | KN/m | KN/m | m? m m
28 ok 0O | 1 | 1 | 1 [16]|162|17]900 |0.000]| 1.08 10 18 | 0.3 [3.9705[265.04|20.1062| 31.277 [131.044|2.2778 0 0.000
3K |A5F#EE o | 1 | 1 | 1 | 1.6]1.62| 1.7 | 900 [16.564| 1.08 10 18 | 0.3 |3.9705[265.04|20.1062| 31.277 [131.044|2.2778|  3.47 5.199
4s ok 0O | 1 | 1 | 1 |[16]|162|17]900 |0.000]| 1.08 10 18 | 0.3 [3.9705[265.04|20.1062| 31.277 [131.044|2.2778 0 0.000
5K | o | 1| 1| 1 | 1.6]1.62| 1.7 | 900 [18.570| 1.08 10 18 | 0.3 |3.9705[265.04|20.1062| 31.277 [131.044|2.2778|  3.88 5.823
6K |7 o | 1 | 1 | 1 |1.6]1.62] 1.7 | 900 [21.030] 1.08 | 10 18 | 0.3 [3.9705[265.04|20.1062| 31.277 [131.044|2.2778|  4.39 6.586
7S [ME@EgE o | 1 | 1 | 1 | 16|1.62]1.7] 900 |0.000] 1.08 | 10 18 | 0.3 [3.9705[265.04|20.1062| 31.277 [131.044|2.2778 0 0.000
8P |PHIEEIK| 0 | 1 1 1 | 1.6 |1.62] 1.7 | 900 |36.286| 1.08 10 18 | 0.3 3.9705(265.04|20.1062| 31.277 |131.044|2.2778 7.49 11.238
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(2) FEIHHER RS KE

R A O I Rl I mepe| tE RIGE RIGE
BR[|V B O g | g | O [BREPRERRRE Sl B VMRRE KR | o | B | i | o K
HHEE e BL(E) | B20%) Al &
d p2 f Ww We A L1* L2*
m|m|m|m]|m kn/m? 53 m KN/m| KN/m |KN/m| KN/m |KN/m|m? m m
25 ok 1| 1| 1 |16]1.62]1.703] 900 |2.06294|-0.584101|1.478836951| 1.08 | 10 18 | 031|397 | 265 20 31 131 228 0139 0.140
3K [ZPas| 1| 1 | 1 | 1.6 |1.62[1.703] 900 | 058 | -0.58 |553912E-12| 108 | 10 18 | 03]397| 265 20 31 131 228 0 0.000
48 ok 1|1 |1 |1.6]1.62/1.703] 900 | 0.58 161 [2190042816| 108 | 10 18 | 03]397| 265 20 31 131 [228 0.206 0207
SK|Zsmss| 1| 1| 1 | 16|1.62|1.703] 900 | -1.61 | 1.61 |20382E-10| 108 | 10 18 |03]397| 265 20 31 131 [228 0 0.000
6K |z 1| 1 | 1 | 1.6 |1.62[1.703] 900 | -1.61 | 050 |1.106073929| 108 | 10 18 | 03]397| 265 20 31 131 228 0.104 0.105
7S Mgl 1| 1| 1 | 1.6 [1.62]1.703| 900 | -0.50 | 0.00 |0499867812| 1.08 | 10 18 | 031|397 | 265 20 31 131 228 0047 0047
8P [PHEAE| 1 | 1 | 1 | 1.6|1.62]1.703] 900 | 0.00 | 0.00 0 108 | 10 18 | 03]397| 265 20 31 131 [228 0 0.000
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3) MEFiHEgER

JP5 | AEEkMe R E WA BLE) HE R ELUA P2(JE) R RIEPS ] 3 HIPRA | PEBEK

1

28 1.479 2.063 -0.584 0 TG 75 I 0

3K 16.564 0.584 -0.584 16.564 I 5.199

48 2.189 0.584 1.606 0 TG 75 HE A 0

5K 18.563 -1.606 1.606 18.57 7 [A] LI 5.823

6K 21.055 -1.606 0.5 21.03 7 ) 6.691 =6.586+0.105
7S 0.499 0.5 0 0 Bt [ B 0.047

8P 36.286 0 0 36.286 1T A 11.238
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424 XERFZIEERIE
(1) FLIEWrmiT5E

sty | ek | b0 | e | U | U s | s | sprse | 7P i | s | e
0 27.337626 0 25.337626 25.337626 1.12 3.1200 | 7.18 2 9.83 41.8704
0 27.337626 0 25.337626 25.337626 1.12 3.1200 |7.18 2 9.83 0.00 41.87 0.00
278.96337 17.454745 | 278.96337 15.28919 15.28919 1.12 3.2856 | 7.18 2 10.161109 | 278.96 45.18 12141.94
353.24348 | 14.913574 | 353.24348 | 12.613574 12.613574 1.12 3.4200 |7.18 2 10.43 74.28 47.95 3458.79
500 9.3273125 500 7.3273125 7.3273125 1.12 3.1200 |7.18 2 9.83 146.76 41.87 6590.75
500 9.3273135 500 7.3273125 7.3273125 1.12 3.1200 |7.18 2 9.830002 0.00 41.87 0.00
573.64598 19.622343 | 573.64598 | 6.5765035 6.5765035 1.12 14.1658 | 7.18 2 31.921679 73.65 503.05 20065.70
1249.3147 | 2.2881694 | 1249.3147 | -0.311831 -0.311831 1.12 3.7200 |7.18 2 11.03 675.67 54.39 188322.09
2010 -6.066896 2010 -8.066896 -8.066896 1.12 3.1200 | 7.18 2 9.83 760.69 41.87 36610.57
2010 -6.066895 2010 -8.066896 -8.066896 1.12 3.1200 |7.18 2 9.830002 0.00 41.87 0.00
2573.5225 10.857903 | 2573.5225 | 7.7321966 7.7321966 1.12 4.2457 |7.18 2 12.081413 | 563.52 66.54 30544.79
3020 23.371233 3020 20.24978 20.24978 1.12 42415 |7.18 2 12.072905 | 446.48 66.43 29683.99
3060 23.713671 3060 21.371233 21.371233 1.12 3.4624 | 7.18 2 10.514876 40.00 48.84 2305.41
3569.7101 | 28.077272 | 3569.7101 | 25.81823 25.81823 1.12 3.3790 | 7.18 2 10.348085 | 509.71 47.10 24449.43
4030 31.834057 4030 29.834057 29.834057 1.12 3.1200 |7.18 2 9.83 460.29 41.87 20475.49
4030 31.834058 4030 29.834057 29.834057 1.12 3.1200 |7.18 2 9.830002 0.00 41.87 0.00
4596.7026 | 32.254615 | 4596.7026 | 29.834057 29.834057 1.12 3.5406 |7.18 2 10.671116 | 566.70 50.49 26171.10
5150 31.834057 5150 29.834057 29.834057 1.12 3.1200 |7.18 2 9.83 553.30 41.87 25552.02
5150 31.834057 5150 29.834057 29.834057 1.12 3.1200 | 7.18 2 9.83 0.00 41.87 0.00
426372.06
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(2 BrFEZhHHE

iﬂ;ﬂiﬁﬁ@ﬁ WLTATERE [ et PR TR | T W R E U5 i i
0 27.337626 25.337626 9.8300002 41.870401
0 27.337626 25.337626 9.8300002 3.12 9.8300002 41.870401
278.96337 17.454745 15.28919 10.161109 3.2855546 10.161109 278.963375 45.180021 12141.94
353.24348 14.913574 12.613574 10.43 3.42 10.43 74.2801048 47.948401 3458.7945
500 9.3273125 7.3273125 9.8300002 3.12 9.8300002 146.756521 41.870401 6590.7474
500 9.3273135 7.3273125 9.8300022 0 41.870421 0
573.64598 19.622343 6.5765035 31.921679 14.165839 31.921679 73.6459798 503.05275 20065.7
1249.3147 2.2881694 -0.311831 11.03 3.72 11.03 675.66868 54.386401 188322.09
2010 -6.066896 -8.066896 9.8300002 3.12 9.8300002 760.68534 41.870401 36610.569
2010 -6.066895 -8.066896 9.8300022 0 41.870421 0
2573.5225 10.857903 7.7321966 12.081413 4.2457066 12.081413 563.522472 66.536225 30544.79
3020 23.371233 20.24978 12.072905 4.2414525 12.072905 446.477528 66.43347 29683.99
3060 23.713671 21.371233 10.514876 40 48.837259 2305.4146
3569.7101 28.077272 25.81823 10.348085 3.3790426 10.348085 509.710124 47.097386 24449 43
4030 31.834057 29.834057 9.8300002 3.12 9.8300002 460.289876 41.870401 20475.486
4030 31.834058 29.834057 9.8300022 0 41.870421 0
4596.7026 32.254615 29.834057 10.671116 3.5405579 10.671116 566.702589 50.492307 26171.098
5150 31.834057 29.834057 9.8300002 3.12 9.8300002 553.297411 41.870401 25552.024
5150 31.834057 29.834057 9.8300002 0 41.870401 0

426372.07
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3) LFE=Egt

F5 PEEAK R Sk ok B3 Q1 P KR peep KFE EEBRKE
1
28 0 0.0001606 0.0619418 498 1.2623245
3K 5.437 0.0208835 0.698686 498 5.5275609
48 0 0.0003521 0.0917205 990 3.5232456
5K 6.09 0.0264626 0.7844247 12 0.8261383
6K 6.998 0.0163724 0.8920242 1014 2.3167284
7S 0.049 1.832E-05 0.0209228 960 1.9899165
8P 11.753 0.0491941 1.5728605 54 3.198
9 1032 5.247
it 30.327 % 4 0.1134437 4.1225804 * 4 5058 % 2 23.890914 % 2
55 B FAAT I8AIE

1 HZ m? 426372.07

2 o] 45 m’ 389140.91 AR 13694.0767

3 = m’ 23537.087 fib 2 JZ AR TR IR 23535.5

4 G TEK m 10116

5 I m 16.490322

6 FEEMEK m 105.43233 104.81768

7 e BUANE K m 47.781828

8 A S K (1.0m/%T) m 16

9 ETE P B AR m? 51782.014

10 EIEAMT B AR m? 59549.316

RUE IR B iE WUE B B I iE

11 B (T REGR) m’ 2652.7806 2556.3235 96.46782

12 BUHN T (&3S B t 119.37513 AT 32 IR

13 A H)Z(0.5m ) m’ 470.67504 470.67504 47.78
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4.2.5

MG BB K ERAE

(D) FahHHE-Tmssas R

*2:

il

i

Tt JEE §
VRNV DURNEN - 1K L, F K|t R
e e e | | o | | S | T g [N | tE | s Mk P
|y s o, o | IME | IR 3% | HE | HE HE AL E JKE v e o BE AT
SKITE | MR% | BB |# |/ || 72 HiE 71 P & R | # (FARE)| BFH 1
* JE R | E - SR £
m m|m|{m|{m| m kn/m? Jic3 m KN/m KN/m KN/m KN/m KN/m m? m
2S ok 2 17211 1|1 ]1.6|1.62|1.703| 900 0.000 1.08110({18(0.3 7.94 505 40 60 251 4.56 0.000
P4
3K B 2 17211 (1|1 ]1.6|1.62|1.703| 900 16.564 1.08110({18(0.3 7.94 505 40 60 251 4.56 5.437
&
4S ok 2 17211 (1| 1]1.6|1.62|1.703| 900 0.000 1.08110({18(0.3 7.94 505 40 60 251 4.56 0.000
7 ()4
5K 1 2 1.721 1 {1 {1 |1.6]1.62]1.703| 900 18.570 1.08110]18(0.3 7.94 505 40 60 251 4.56 6.090
3
(A4
6K 1 2 17211 (1|1 ]1.6|1.62|1.703| 900 21.030 1.08110({18(0.3 7.94 505 40 60 251 4.56 6.888
7
1B )
7S B -2 17211 (1| 1]1.6|1.62|1.703| 900 0.000 1.08110({18(0.3 7.94 505 40 60 251 4.56 0.000
£
P [ 4
8P 2 1.721 1 |1 {1 |1.6]1.62]1.703| 900 36.286 1.08110]18(0.3 7.94 505 40 60 251 4.56 11.753

L
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(2) FITER D LR

BRI TR . & \ .

v |y - - . (WS (WS K|t N + I I8 IR
e o] | s || | (| o [kie| e [PEHVEREEER g g | K g ey | b Lr RIIE T | AR
pra| e ik ol A ey Bifs | Wi | sl AE KE | GF2 |01 | F L | R R
SLitHE || WEEE |’ |’ |’ | &R & RER| BN BICE) | p2() LA R pe | | & | mE ) R |
Bl AR [ E|E|E - - ST - -

d p2 f Ww | We A L1* L2*

m m|m|m|m| m kn/m2 Jic3 m KN/m|KN/m [KN/m| KN/m [KN/m| m? m m

2S ok 2 1.72 1|1 |1 [1.6]/1.62] 1.703 | 900 2.063 -0.584 | 1.478 |1.08|10|18|0.3 | 7.94 | 505 40 60 251 [4.55| 0.146 0.146
3K | = PE | 2 1.72 1 (1] 1]16[1.62] 1.703 | 900 0.58 -0.58 0 1.0810(18]0.3 | 7.94 | 505 40 60 251 (4.55 0 0.000
4S8 ok 2 1.72 1 (1] 1]16[1.62] 1.703 | 900 0.58 1.61 2.19 (1.08/10|18(0.3 | 7.94 | 505 40 60 251 |4.55| 0.216 0.216
5K | AE[REE | 2 1.72 1 (1] 1]16[1.62] 1.703 | 900 -1.61 1.61 0 1.08(10| 18] 0.3 | 7.94 | 505 40 60 251 |4.55 0 0.000
6K | =R | 2 1.72 1 (1] 1]16[1.62] 1.703 | 900 -1.61 0.50 1.106 {1.08 10|18 0.3 | 7.94 | 505 40 60 251 (4.55| 0.109 0.109
7S | R | 2 1.72 1 (1] 1]16[1.62] 1.703 | 900 -0.50 0.00 05 [1.08]10|18(0.3| 7.94 | 505 40 60 251 [4.55| 0.049 0.049
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() FEFITHELSR
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