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Table 5-1 Shape Factors

Pipe-Zone Embedment Material and Compaction

Pipe Gravel Sand’
Stiffness — —3 — -y
Dumped to Slight Moderate to High®  Dumped to Slight" Moderate to High
psi  kPa Shape Factor Dy (dimensionless)

9 62 5.5 7.0 6.0 8.0

18 124 4.5 55 5.0 6.5

36 248 3.8 45 4.0 5.5

72 496 3.3 3.8 35 4.5

“GW, GP, GW-GC, GW-GM, GP-GC, and GP-GM per ASTM D2487 (includes crushed rock).
T8W, SP, 8M, SC, GM, and GC or mixtures per ASTM D2437.

* < 85% Practor density (ASTM D698}, <40% relative density (ASTM D4253 and D4254).

%> 85% Proctor density (ASTM D698), 240% relative density (ASTM D4253 and D4254).
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H>248 ft I = %7 an
L2=(43.67+1.75H)/8 (5-12) = 1.1 for 2 ft < H < 3ft
=1.0 for H = 3ft
3. We Aikeich
o Ak molx Ag3 Ryetn] F 52004
W, =P(I;)/{144 (L1)(L2)) (5-13) He vt o] #Flstee Axtsl ¥ 4 ok
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P
I I
I |
i
10in.
0.83 ft
v
0.83 1t
~ T
Direction of Travel
H

\/\/

2=167+175(H)

%83 +1.75(H)
\/ﬁ t 7\/

NotE: For H = 2.48 ft, see part 2 of the L2 formula. (Change accounts for overlapping influence areas from adjacent

wheel loads.)
Figure 5-2 Distribution of HS-20 live load through fill for H (248 ft

2011. 09.
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Table 5-2 HS-20 and Coorer s E-80 live loads (psi)

HS-20 Live Loads (psi)

Cooper’s E-80 Live Loads (psi)

Depth Wi, Depth Wr

ft m psi kPa ft m psi kPa
2 0.6 6 41.4 4 1.2 14.1 97.3
2.5 0.8 3.9 26.9 5 15 12.2 84.2
3 0.9 3.3 22.8 6 18 10.5 72.5
3.5 1.1 2.6 17.9 8 24 7.7 53.1
4 12 2.2 15.2 10 3.0 5.7 39.3
6 1.8 1.5 10.3 12 3.7 4.6 31.7
9 2.7 1.0 6.9 14 4.3 3.7 25.5
10 3.0 0.8 5.5 16 4.9 3.0 20.7
12 3.7 0.6 4.1 18 5.5 2.6 17.9
16 49 0.5 3.4 20 6.1 2.2 15.2
20 6.1 0.4 2.8 25 7.8 1.5 10.3
27 8.2 0.2 1.4 30 9.2 1.1 7.6
40 12.2 0.1 0.7 35 10.7 0.8 5.5
40 12.2 0.6 4.1

Cooper E-80 design loads consist of four 80,000-Ib axles spaced 5 ft c/c. Locomotive load assumed uniformity distributed over
an area 8 ft x 20 ft. Weight of track structure assumed to be 200 Ib/lin ft, including impact. Height of fill measured from tap

of pipe to bottom of ties.
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Table 5-3 Soil classification chart

Criteria for Assigning Group Symbols

Soil Classification

2011. 09.

Group Group Name”
and Group Names Using Laboratory Tests® Symbol
Coarse- Gravels Clean Cuz4and1<Cc<3® GW  Well-graded gravel'
grained More than  gravels Cu < 4 andfor 1 > Ce > 3° GP Poorly graded
soils 50% of Less than 5% gravel
More coarse fines®
than 50d% fractior:i Gravels Fines classify as ML or MH GM  Silty gravel’&h
retained on  retained on with fines - - oh
. Fines classify as CL or GC  Clayey gravel &
No. 200 No. 4 sieve  prove than CH
sieve 12% fines®
Sands Cleansands Cu>6and 1< c< 3° SW  ’ Well-graded sand'
50% or Less thajn 5%  (Cu<6andlor 1>Ce> 3° sSp Poorly graded sand'
more of fines® J
(f:oarts_e Sands Fines classify as ML or MH SM  Silty sand®M
raction with fines Fi i ghi
ines classify as CL or CH 5C Clayey sand
passes More than fy ey
No. 4 sieve 399 finegt
Fine- Silts and Inorganic PI > 7 and plots on or CL Lean clayk'l’m
grained clays above “A” line
soils Liquid PI < 4 or plots below “A” ML Sithhm
50% or limit less line’
more passes  than 50 Organic Liquid limit—oven dried OL  Organic clay®"™"
the no. 200 ST ) < 0.75 — T kImo
sieve Ligquid limit—not dried Organic silt™ ™
Silts and Inorganic PI plots on or above “A” CH  Fat clay®'™
clays line
Liquid PI plots below “A” line MH  Elastic silt™"™
:;2:2 50 or Organic Liquid limit—oven dried _ 75 g  Organic clay™b™P
Liquid Limit—not dried Organic silt®mP
Highly organic soils Primarily organic matter, dark in color, PT Peat

and organic odor

2 Based on the material passing the 3-in. (75-mm} sieve.
b If field sample contained cobbles and/or boulders, add
“with cobbles and/or boulders™ to group name.
¢ Gravels with 5% to 12% fines require dual symbols:
GW-GM well-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poorly graded gravel with clay
dSands with 5% to 12% fines require dual symbols:
SW-SM well-graded sand with silt
SW-SC well-graded sand with clay
SP-SM poorly graded sand with silt
SP-SC poorly graded sand with clay

“Cu = D60/D10

12

Co = (1 30)
Dy <D sy

fIf soil contains = 15% sand, add “with sand” to group name.

& {f fines classify as CL~ML, use dual symbol GC-GM or SC-SM.

" If fines are organic, add “with organic fines” to group narue.

*If soil contains = 15% gravel, add “with gravel” to group
narme.

1If the Atterberg limits (Yiquid limit and plasticity index)
plot in hatched area on plasticity chart, soil is a CL-ML,
silty clay.

K If seil contains 15% to 29% plus No. 200, add “with sand”
or “with gravel,” whichever is predominant.

LIf soil contains = 30% plus No. 200, predominantly sand,
add “sandy” to group name.

™ Jf soil contains > 30% plus No. 200, predominantly gravel,
add “gravelly” to group name.

" PI z 4 and plots on or above “A” line.

°PI < 4 or plots below “A” line.

P PI plots on or above “A” line, -

4 PI plots below “A” line,

Source: ASTM D2487; Reprinted with permission from the Annual Book of ASTM Standards, copyright ASTM, 100 Barr

Harbor Dr., West Conshohocken, PA 13428-2959.

NoTe: ASTM D2487 allows the use of “horderline” symbaols when test results indicate that the soil classification is close to
anather group. The borderline condition is indicated by an en dash between the two symbols, for example CL-CH.
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Table 5-4 Values for the soil support combining factor Sc
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USS 2galor ek

En = % 5-62) 2% S ex)e] Aol woF whul
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PR E R CC DL R
Ao S W WEe 4 517
5-19 @ A
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[e]

oF

1—(

1—(

A A4
=1-P 435 (P,

Ew/E'p Bq/D Ba/D By/D Ba/D Ba/D
15 2 2.5 3 4
0.1 0.15 0.30 0.60 (.80 .90
0.2 0.30 0.45 0.70 .85 0.92
04 0.50 0.60 0.80 0.90 0.95
0.6 0.70 0.80 0.90 0.95 1.00
0.8 0.85 0.90 0.95 0.98 1.00
1.0 1.00 1.00 1.00 1.60 1.00
1.5 1.30 1.15 1.10 1.05 1.00
2.0 1.50 1.30 1.15 1.10 1.05
3.0 1.75 1.45 1.30 1.20 1.08
25.0 2.00 1.60 1.40 1.25 1.10
Note: In-between values of S; may be determined by straight-line interpolation from adjacent values.
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Table 5-5 Values for the modulus of soil reaction £, for the pipe zone embedment, psi (Mpa)

Soil Soil Type Primary Dumped Slight Moderate High
Stiffness Pipe Zone Backfill <86%  Proctor 85-95%  Proctor »>95%  Proctor
Category Material (Unified <40%  Relative Density 40-70%  Relative Density >70%  Relative Density

Classification System)*

SC5 Highly compressible Soils in this Soils in this category Soils in this category require Soils in this category
fine-grained soils (CH, category require require special special engineering analysis to  require special
MH, OL, OH, PT), or special engineering  engineering analysis to determine required density, engineering analysis to
borderline soils analysis to determine required moisture content, and determine required
(CH/MH), or any dual determine required  density, moisture content, compactive effort. density, moisture content,
symbol or borderline density, moisture and compactive effort. and compactive effort.
soil beginning with one  content, and
of these symbols. compactive effort.

SC4 Fine-grained soils with 50 200 400 1,000
medium to no plasticity (0.34) (1.4) (2.8) (6.9)

(CL, ML, ML-CL), or
borderline soil (ML/CL),
or any dual symbol or
borderline soil
beginning with one of
these symbeols, with
<30% coarse-grained

particles
SC3 Fine-grained soils with 100 400 1,000 2,000
medium to no plasticity (0.69) (2.8 (6.9) (13.8)

(CL, ML, ML~CL), or
borderline soil (ML/CL),
or any dual symbol or
borderline soil
beginning with one of
these symbols, with
230% coarse-grained
particles
NoTE: Percent Proctor density per ASTM D698 and relative density per ASTM D4253 and D4254. Table continued next page.

Values for £y for in-between scils or borderline Proctor densities may be interpolated.
*ASTM Classification D2487 (see Table 5-3).

Table 5-5 Values for the modulus of soil reaction £, for the pipe zone embedment, psi (Mpa) (continued)

Soil Soil Type Primary Dumped Slight Moderate High
Stiffness Pipe Zone Backfill <85%  Proctor 85-95%  Proctor >95%  Proctor
Category Material (Unified <40%  Relative Density 40-70%  Relative Density >70%  Relative Density

Classification System)*
SC3 Coarse-grained soil with 100 400 1,000 2,000
fines (GM, GC, SM, SC, (0.69) (2.8) (6.9) (13.8)

GC-GM, GC/SC) or any
dual symbol or
borderline soil
beginning with one of
these symbols,
containing more than

12% fines
SC2 Coarse-grained soils 200 1,000 2,000 3,000
with little or no fines (1.4} (6.9) (13.8) (20.7)

(GW, GP, SW, Sp, GW-
GC, SP-SM) or any
dual symbol or
borderline soil
beginning with one of
these symbols,
containing 12% fines or

less
5C1 Crushed rock with 1,000 3,000 3,000 3,000
<15% sand, maximum (6.9 (20.7) (20.7) (20.7)

25% passing the ¥ in.
sieve and maximum 5%
fines

Note: Percent Proctor density per ASTM D698 and relative density per ASTM D4253 and D4254.
Values for £’y for in-between soils or borderline Proctor densities may be interpolated.
*ASTM Classification D2487 (see Table 5-3),
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Table 5-6 Values for the modulus

of soil reaction £’

Native in Situ Soils”

for the native soil at pipe zone elevation

Granular Cohesive E'n (psi)
Blows/ft' Description qu(Tons/sf) Description

>0-1 very, very loose »0-0.125 very, very soft 50
1-2 very loose 0.125-0.25 very soft 200
24 0.25-0.50 soft 700
4-8 loose 0.50-1.0 medium 1,500
8-15 slightly compact 1.0-2.0 stiff 3,000
15-30 compact 2.0-4.0 very stiff 5,000
30-50 dense 4.0-6.0 hard 16,0600
>50 very dense >6.0 very hard 20,000

*The modulus of seil reaction E’n for rock is > 50,000 psi.
Standard penetration test per ASTM D1586.

For embankment installation E's = E' = E’

E' special cases
Table 5-6.

based solely on E'p.

Geotextiles—When a geotextile pipe zone wrap is used, K’ values for poor soils can be greater than those shown in
Solid sheeting—When permanent solid sheeting designed to last the life of the pipeline is used in the pipe zone, E” shall be
Cement stabilized sand—When cement stabilized sand is used as the pipe zone surround, initial deflections shall be based

on a sand installation and the long-term E’y = 25,000 psi. {T'ypical mix ratio is one sack of cement per ton or 1.5 sacks of
cement per cubic yard of mix.) For embankment installation E's=E'y = £
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Table 5-7 Conditions and parameters for design examples

Conditions and Parameters Sec. 5.10.1 Sec. 5.10.2 Sec. 5.10.3
(Example 1) (Example 2) (Exampie 3)
Design conditions:

Nominal pipe diameter, in. 12 36 72
Working pressure Py, psi 220 115 55
Surge pressure P, psi 65 i) 20
Vacuum P,, psi 14.7 8 ]
Cover depth H, ft (min.—max.) 254 4-8 6-12
Wheel load P, 1b 16,000 16,000 16,000
Soil-specific weight s, 1b/ft> 120 125 115
Service temperature, °F 32-100 32-80 32-95

Native soil conditions at pipe depth

Native soil modulus E',, psi
Groundwater table location

Maximum Ay, in.
Minimum h, in.

slightly compact
clayey sand
3,000
at ground surface

48
30

medium stiff,
inorganic clay

dense silty sand

10,000 1,500
3 ft below ground 10 ft below ground
surface surface
60 24
12 0

Basis for HDB and Sp

Stress, psi

Strain, in./in. Strain, in. /in.

Pipe properties:
Trial pressure class P, psi
Reinforced wall thickness ¢, in.
Liner thickness ¢f, in.
Total wall thickness £, in.
Minimum pipe stiffness F/ Ay, psi
Hoop tensile modulus Eg, psi
Hoop flexural modulus K, psi
HDB
Ss
Mean diameter D, in.
Distance between joints L, in.
Poisson’s ratio v, in/in.
Hoop load vy,
Axial load vy,

250
0.21
0o
0.21
72
3.3E6
3.45E6
14,800
0.0100
12.21
240

0.35
0.15

150 100
0.61 0.61
0.04 0.05
0.65 0.66
36 9
1.8E6 3.25E6
1.9E6 3.5E8
0.00664 0.0058
0.0115 0.0058
36.69 72.71
360 480
0.30 0.35
0.20 0.15

Installation parameters:

Pipe/zone installation description slightly compacted moderately compacted moderately
silty sand, SM clayey sand, SC compacted gravel, GW

Trench width, in. 27 58 104

Shape factor Dy 3.5 55 7.0

Backfill soil modulus E’p, psi 400 1,000 2,000

Deflection coefficient K 0.1 0.1 0.1

Deflection lag factor Dg 1.05 11 1.2
Deflection:

Maximum deflection permitted, 8&/D 0.05 0.05 0.05
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I 4] 5-12 AHE3)A] HDBEYH 2
AAKS.7.1.1)

== Pc

P =250 psi < (@)(2—5)

FS

14,800 ., 2(0.21
=g N 1(2,21))

< 282.83 psi .~ OK

2. Peol 4] 5-3& ARESA AR o Pw A4

(5.7.1.2)
P.=P,
250 psi = 220 psi .~ OK
3. Pc@} 4] 5-45 AFgElA AR g Ps ol

P = (P,+P,)/14
250 = (220 + 65) /1.4
250 psi = 204 psi .. OK

4. A 552 A4

Ay, 74]*&(5-7-2)

Ay, \, 021 (3.4586)(0.01)
3.5 (34588 ) (1557 )q57) = 15

17,0094%, < 23,000
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wabd, gl AY,= 135 in.
4] 5-8 2 HE|(5.7.3)

Al<ﬂ<Aya
D — D~ D

o] dAof|A, 6d/D = 0.05 :
Ay/D < 0.05 < 1.35/12.21
(5%)D < (11%)D .. OK

5. 9JF 8% We 31 WL A4t

4 598 A3 9% B1E We 2%

_ s
We= 144
H =25 ft
W, = 120(2.5ft) _ 208 psi
144
H =4 ft
WC_%@ 3.33 psi

A 5138 A8 9% 5% WL 24
Wi=P(Iy)/[144(L1)(L2)]

WL AARS 93] 4] 5-132
W 128 WA 2Rt

H =251t I=l1l

H=4ft I=1.0

Al 5-10025E L1 2H

L1= 0.83+1.75(H)

H =251t L1 =083+ 17525 ft) = 5.21 ft

ARgsHE If, LI

H=4 ft L1 = 0.83 + 1.75 (4 ft) = 7.83 ft
4] 5-125 AHE8f L2 ALt

H> 248 ft L2=[(43.67)+1.75(H))/8

H=2.5 ft L2=[(43.67)+1.75(2.5 )]/8=6.01 ft
H=4ft L2=p(43.67)+1..75(4 ft)]/8=6.33 ft

4] 5-130f tfdgtch

50




H=2.5ft W1=16,000(1.1)/[144(5.21)(6.01)]=3.90 psi
H=4ft  W.=16,000(1.0)/[144(7.83)(6.33)]=2.24 psi T £S5,

6. A 5-16 AHEsiA BESF Wi Ao B A4t
2200221) | ((B5)BASEB) ) 5y 020\ (220 )
E’=ScE’, 2(0.21) 0.01 (3.4586) "2 " 12.21 435

14,800 18
E’'E ZA357] YalAE ScE WA 8F

043 =< 047 .. OK
E’W/E’v=3,000/400=7.5 A] 5.182 ARE3] Bhol
B¢/D=27/12.21 = 2.21

___pr
545 AREE| Sc=1.525 4% oS Ire _ (HDB)
ES, = F§
4 5-160] St b b
. (220)(12.21)
E’=1.52(400)=608 ( )
(400)=608 psi (3:5)345)(0.05)(550 )0~ (3] 1—(%}
(3.4556)(0.01) = 18
7. A 5-82 AR WFL AAK5.7.3) 0.15 < 0.38
Ay (D W+ Wi)Ey
D~ 0.149P5+ 0.061Z 100% _
CHEE oE 2

H=2.5 191 790 o3} 4] 580 chgiact

Ay (1.05 < 2.08 +3.90)(0.1) _
D~ 0.149(72) 4 0.061 (608) <100 =1.27% = 2Bk, )

a 2 2
4 578 A3 2l Dl ~1)(1+K)

20> —1—w,, SET
Ay _ 6d _ Ay, +|n?—1+ =) | ( )
D = D = D I+ K Ds[l_(”hz)(vm)}
127% <5% < 11% -.0K qa AARS {8l 4 5225 ARE

H=4 £l Ao te) 4 580 djgtet  skW K e v Ay

Ay _ (1.05x333+224)(0.1) . 14 Ke (2L y2 :(2(2)(240) 2

D~ 0.149(72) + 0.061 (608) 7D 7(12.21)
= 1.20% = 626.3

A 575 ARl 2}l 2] 5220 tfdstaL g, 5 Attt
Ay _ d _ Ay, _ 2(3.4556)(0.21)
D D D e (1221)(22 = 1)(1+626.3)°

1.20% =5% = 11% -.OK oy 2271085 ] 8B45E)(0.217/12)

1+626.3 (12.21)*[1—(0.35)(0.15)]
8. él 5-17 \;L'l /_L_]l 5-18—% /\]-—g—'ETH 7&-.;—:']_ 6‘]‘% %a = 0.101 + 3.011 (1235) = 37.29 pSl
8101(5.7.4) A 5215 ARgS) H = 4 ftel Z-pol disl 36

4] 5178 Ape3] 3ol HEY 4 qa 4%




R'U/ = 1 - 0'33 (h'lll/77/ )
= 1 -0.33 (48/48)
= 0.67

B =1/(1+4e 206
=1/(1+4e ")
= 0.245

Al 5219 Rw 2 B’ gt diyglct

_ 1 3.4586(0.21)° T°
4= 25[32(067)(0.245)(608)( 2221 }

= 27.34 psi
W spolm MAAQ WIY RTAGS U
sheA) Slsh] i) A 523 Abg it

’Yur(hw)+me+Pv S q{l
4 523 9 5245 ALgSIAR o] 2.5 fio] K9]
2 22 QA Rw ¢ WAl Ak

R,=1-0.33(h,/h);0 <h,<h

w —

1 -0.33(30/30)
0.67
H =25 ft o A0 ja] Lut golz= Mz =
A% Blay] 98] 4] 5230 et
(0.0361)(30) + (0.67)(2.08) + 14.7 <32.29 psi
17.18 <32.39 psi .- OK
a2al H = 2.5 ft 9l Aol s &k
20 glskr] s Al 5249 Ut
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(0.0361)(30) + (0.67)(2.08) + (3.9) =<32.29 psi
6.38 =32.39 psi .~ OK
=4 ft Q1 Aol disf] Lk spojz HA =

e glstr] s A 5230 st

(0.0361)(48) + 0.67 (3.33) + (14.7) <27.34 psi

18.66 =<27.34 psi

Ia H =4 ft QI —°r°ﬂ sl -Elsks =
AL Fs7] 918 4 5240 el

(0.0361)(48) + 0.67 (3.33) + (2.24) <27.34 psi

6.20 <2734 psi .~ OK

AR ;. wE shol o] @YARS WMEsnz
A7+ OK

5102 AA o 2 : HE )4t

#0579 oA 20 W e 7 AA =24,
gpolz 54 9 AA wieuel el 5690 et
‘= AA AL AAE ARSiA ALtk

1>~

A4 SH Pe

528 AH8|A HDBR Y
AAH5.7.1.1)

P.=150psi = (HPB (2L

FS D
(00064 ) 2 (L8H5)(0.61)
=18 36.69

< 212.81 psi .~OK

2. Ped} 4] 538 AR AL
(57.12)
F.= F,

o Pw AL

150 psi = 115 psi .~OK

3. Pc8} Al 545 AMREA AA o= ps &l
(5.7.1.3)
P.=(P,+P)/N14

w

150 > (115+55)/1.4
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U]

53

150 psi = 122 psi -~OK

D \D ES
Aya \, 0.65 0.0015
55 (3569 (3660 = 15 )

0.00266 Ay, <0.00767
w2bA, 2o Ay,= 2.89 in.
2] 5.7 2HE|(5.7.3)

(=]

Ya

AE< <
D = <

S|

&.

ol alajol, 9% = 0.05

2.89

Ay _2.89
D = 005 = 5550

5% = 79% 0K

5. 9% sk We 2 WL A4t

2] 592 ARL3| 9% 31 We AA(5.7.3.5)
_ A

W.= 144

H=4ft W= %9347ps1

H=8f W %}1694199

4 5138 AMga) 9%
W =P(I)/[144(L1)(L2)]
WL ARS8 4] 5-132 AlgskeE If, Ll

3% WL Z2%(5.7.3.6)

22 WA ARs )
H=25f I=10
H=41ft I=10
A

2 5-100.252E L1 24
Li= 0.83+1.75(H)
H=4ft LI=0.83+1.754)=7.83 ft

= 8 ft  L1=0.83+1.75(8)=14.83 ft
A 5-128 ARES L2 A4k
H < 248 ft L2=[(43.67)+1.75(H))/8
H=2.5 ft L2=[(43.67)+1.75(4)]/8=6.33 ft
H=4 ft L2=[(43.67)+1..75(8)]/8=7.21 ft
4 5-130] tjelate}
H=4 ft W.=16,000(1.0)/[144(7.83)(6.33)]=2.24 psi
H=8ft W.=16,000(1.0)/[144(14.83)(7.21)]=2.24 psi

6. A 5-16= AHEsiA ESF
AK5.7.3)

E’=ScE’

HA Sc 274

s

g A+ E A

E’W/E*=10,000/1,000=10

By/d=58/36.69=1.58
X 5-45 AFEE] Sc=1.945 A4S &
4 5-169] et

E’=(1.94(1,000))=1,940 psi

Ay _ (D Wt Wy)Ey
D~ 0.149PS+ 0.061E

H=4 ft ol 490 dia) 4] 580 cjeleiet

X 100%

Ay (1.1(3.47)+2.24)0.1
D 0.149 (36 ) + 0.061 (1, 940

= 0.49%
4 572 A Bl

x 100
)




Ay _ (1.1(6.94) +1.04)(0.1) R,=1-0.33(h,h) ; 0<h, <h
D = 0.149(36) +0.061 (1.940) 100 v (hu/h) w
- 0.70% H=38
=0.794
Ay _ dd _ Ay, H =14 ft
b =D D R,=1-033(12/48)
0/ <80/ < 0
0.70% =5% =<7.9% ..0K ~0.917
8. 4 5-19 W 2] 5-202 AR&sf 2 st 1Y 1
c &2l(5.7.4) B = 1+ 4e 0065 ()
4 5192 AHgs] 2l -8
61)T<3 1
17 v ¢ J— —
€pr ( S, ) B = 1 + 4 0065(8)
HDB ~  FS,
H=4ft
115 (36.69) 1-((55)(0. 05)(3066659 )(1*(%” 1
2(0.61)(1.826) 0.0115 B=—
0.0064 18 1+ 4e 0065()
0.30 <0.38 .~.0K =(0.245
4] 520 A3 2l H = 8 ftel 9o djsf 2] 5-219] Rw ¥ B’
e gttt
pr
o' < (HDB) 377 05
S FS, _ 1 1.976 (0.61)° | ™
b ; W= "5z [32(0.794)(0.296)(1,940)( 12 (36.69 ) }
=4121 p
(115)(36.69)
(5.5)(0.05 ) (=262 0.65 )[1_(115 - (( (051)(1855))W H = 4 ftol <o &l 4] 5-21¢] Rw % B’
23669 435 0.0064 . .
0.0115 = 15 e gt
0.31 <047 ..0OK
3
q,= 21—5{32 (0.917)(0.245 )(1, 940 )(%}}
9. 4 521 AR W2 Bl ' '
=40.30 psi
1 EI \°®
.= 75| 2ABE )| X 5239) RTARGE WESF=A B
qa AL 98l 4 5-21& AHEStE|H Rw 9 B’
e WA A2AE Yo () + R,W, + P, < q,
A 5-249] QFARFE WHESE=A] g9l
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Yo () + B,V + B, < g, P,z (P,+P)/14

H =8 ftel 7Z--of sl 4] 5-239] tfjYstcth 100 = (55+20)/1.4

(0.0361)(60) + (0.794)(6.94) + 8 =< 41.21 psi 100 psi = 54 psi ..OK

15.68 psi <41.21 psi

22)al 4] 5240 il 4. 4 5-65 ARSS) ® wdoRRE o WY
(0.0361)(60) + (0.794)(6.94) + 1.04 = 41.21 psi ya AAHK5.7.2)

8.72 psi =<41.21 psi .~ OK - D, (_L)( ) < FS)

H =4 ftQl 7ol tsh 4] 5-230 thdetct
(0.0361)(12) + (0.917)(3.47) + 8 < 40.30 psi
11.62 psi =40.30 psi

a3 4 5240 Telgith

(0.0361)(12) + (0.917)(3.47) + 2.24 < 40.30 psi
5.86 psi =<40.30 psi .~ OK

42 . BE 3 go] aTNFL WEsnE

Aya , 0.66 0.0058
10 gy ) = 05 )

0.00087884 Y, <0.0038666
~ A Ay, = 442 in.
A] 5.7 REE(5.7.3)

o] a4 oA,
5.10,3 AA o 3 : ¥y 78t 5 g0
E 579 oA 20 U} Q= A AA 27, Do
ol E4 @ A2 meoel 1ela 560 el W <005 < AL

]

A ALt BAE ARSSA AR

;O
rlr

I 4] 528 AH8|4 HDBRYE e 53 Pe
AAK5.7.1.1)

B . _ (HDB \ 2Ep

P.=100psi < ( 7S )( D ) W’YSH
€144
< 175.713 psi .. OK
H =6 ft WC=421215446 =479 psi
Al 538 AlQsA] AR oty A
144

(5.7.1.2)

p-p A 5-135 ARG 9% a5 WL 2%(5.7.3.6)

100 psi = 55 psi .~OK
Wi=P(Iy)/[144(L1)(L2)]

WL ARE 9181 4 5132 At LI 2
122 WA Aa

H=61f I=1.0

H=12ft I=1.0

3. Peot 4] 542 ALgSlA AA Y Ps gl
(5.7.1.3)




Al 5-1002HE L1 2A

L1= 0.83+1.75(H)

H =4 ft L1=0.83+1.75(6 ft)=11.33 ft
H= 8 ft L1=0.83+1.75(12 ft)=21.83 ft

Al 5-125 ARESl L2 A4t

H > 248 ft L2=[(43.67)+1.75(H))/8
H=6ft L2=[(43.67)+1.75(6 f)]/8=6.77 ft
H=12ft L2=[(43.67)+1..75(12 f{)]/8=8.08 ft
Al 5-130f i ggtch

H=6ft W1=16,000(1.0)/[144(11.33)(6.77)]=1.45 psi
H=12 ft
W1=16,000(1.0)/[144(21.83)(8.08)]=0.63 psi

6. 4 5168 AGFAN B whE A B A

2K5.7.3.8)
E’=ScE’
WA Sc 244
E’w/E’v=1,500/2,000=0.75
Ba/d=104/72.71=1.4303
E 545 ALEF) Sc=1948 9Arat The
4] 5-169] Tjelgie}

E’=0.81(2,000)=1,620 psi

7. A 58

fllo

Aga) EE A7)

Ay _ (D We+ Wp)Kyx
D 0.149PS+ 0.061 E

H=6 1) <o) s 4] 58] vheleict

X 100%

Ay (1.2(4.79) +1.45)0.1
D ~ 0.149(9) + 0.061 (1,620)

= 0.72%

x100

2011. 09.

Ay _ 6 _ Ay,
D >D> "D

0.72% <5% <6.09% --OK
H=12 ft ¢ Aol dfal] 4] 5-8f didzbet

A 9.58) + (0.63
D= 0(149((9)+) é (1)%20) <100

= 1.21%

1.21% <5%<6.09% ..OK

8. A 519 U 2] 5208 AL3] Ad 3k WA
¢ BI(5.7.4)
4 5192 AMg) 2l

1

_ e
L 1-E
HDB — FS,

0.66 55
(55)(72.71) — (700.05) (75 77 )1 — (555))

2(0.61)(3.25E6) _ 0.0058
0.0058 = 1.8
0.17 = 029 ..0K

4 5208 AHg3 Bl

g

(=
€. ViR
S ES,

GRT
(10)00.05) (285 )1 — (22 )) 1| 200250

0.0115 - 1.5

048 = 055 ..OK

56




R,=1-0.33(h,/h)
=6 ft

R,=1-033(0/72)
-1.0
- 12 fi

R,=1-033(24/144)
~0.945

. 1
T 1+ 4 0065(H)

=6 ft

1
B = 1+ 4~ 00656)

=0.270
=12 ft

1
B = 1 + de 0065(12)

=0.353
H =6 fiel 290 dis) 4] 5-210] Rw 9@ B’
ol gtet

g, = =L 32(1.0)(0.270 ) (1:620)3.5E6 (0.61%) 5
S (12)72.713

s

fijo

=19.64 psi
H =12 ftQl 7o djs 4] 5-21¢] Rw % B’
U= dddo

6= 5= [32(0.945)(0.353)(

(12)72.71°
=21.83 psi
Ago] Ak 7] o] 24 4 5249 2

FAGS WESEA Bl

= W+ R, (W) + 7.,

(1.620)3.556 (0.61%) )} 0

H =6 fiel <ol oia) st}

> (1.45) + (1)(4.79) + 0.0361 (0 in.)

6.24 <19.64 .OK

H =12 el <o) oja) thelgich

> (0.63) + 0.945(9.58) + 0.0361 (24)

= 1055 <21.83 0K

AR . BE B o] RTAFS WEIHE

AA= 0K

]
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