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CONSULTING ENGINEERS

727 East Bethany Home Road, Suite D-225
Phoenix, Arizona 85014

(602) 241-0782

FAX NUMBER (602) 248-9158

May 19, 1993

Mr. Ralph Goodall

1034 East Madison Street

Phoenix, Arizona 85034-2292

Re: Major Trunk Storm Sewer
Index No. ST-887299
Drainage Report Addendum No. 1
EKA# 3097

Dear Mr. Goodall:

design specifications:

Diameter Corrugation
114" 3" x 1"
102" 3" X 1"

90" 3" x 1"

78" 3" X 1"

66" 2 2/3" X 1/2"

If you have any question please call.
Very truly yours,

EVANS, KUHN & ASSOCIATE$, INC.

e 6{\0
ruce J. Frielhoff,” P%

Project Manager

Enclosures
3097PC1.305/ADMIN1/dma

|

City of Phoenix, Street Transportation Department
Design & Construction Management Division

GEORGE L. EVANS, P.E

I
— <{‘::t':!.. EVANS, KUHN & ASSOCIATES, INC.
[ JOHN D. KUEN, JR.. P.E.
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9th Street from Bell Road to Union Hills

Enclosed herewith for your use are revised CMP structural design
calculations. Adding a second iteration using the thickness required
for a 75-year first perforation results in the following acceptable-

Thickness

0.109"
0.109"
0.109"
0.109"
0.109"
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Hth Street ) ERZO9Y
Corrugated Metal Fipe 05/18/3932
Structural Design BJF /EM

Frfe: Handbook of Steel Drainage and Highway Construction Products,
American and Steel Institute, 13983, Chapter 3, Fages 99-1324.

Site conditions,

FIFE RECORD NUMEBER: 1
LOCATION: 8TA 13+350

d = FPipe diameter = 102 in

h = Height af cover = 9 ft

w = Weight of soil = 140 pof

bsd = Rackfill soil density (AASHTO specified) = 95 A

pH = pH of scil environment = 7.8

FE = Boil resistivity == 3350 chm~cm

Compute dead load, ,
DL = Dead load = h % w = 1260 psf
Compute live load,
Live load on effective plane at top of pipe (LL)Y from
Concrete Pipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS-20 loading configuration:

F = Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Plane = 20.58 ft
W = Width of Flane = 21.42 ft
Favg = Average Fressuwre Acting on FPlane
= P % IF /(w %-L) = 109 psf
Ll = Live load = 109 psf
Compute the design load,
pv = Design pressure = DL + LL = 1369 psf
Structure design,
5 = Span = d/12 = 8.3 ft
o= Fing compression = pv ¥ s/2 = 5818 ppft
k= Load factor = 0.65
r = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 100 psi
a = Wall section area = co/fc in™2/ft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-32, page 107 in™4/ft
E = Modulus of elasicity SE+Q7  1b/in"2
ff = Flexibility factor = d"2/E/I#12 < L0433 for factory made pipe.
L0200 for field assembled pip
Corrugation v d/r fe oa t I ff
£imd tind (psil Cin™2/ft) Cind Cim™4/ 1t
1-1/2x1/4 0. 080 1275 2333 et 0.168 Q. 020 O.212
2xwlsz 0.170 £00 10534 0,552 0,052 0.018 0,226
2-2/3w1/E 0.172 5393 10784 0.540 0,052 0.018 .23
3 % 1 0,344 297 25291 0,230 0. 034 0,051 0.081
5 % 1 0.368 277 25385 0.229 0. 064 0. 106 0. 039
b ow & 0. 688 148 25385 0,229 0,109 0.725 0. 006
- | —



t = Minimum thickness for strength = 0. 064 in

Select thickness for a 7S5-year first perforation or 1/2 average life,
75

Y = Years for first perforation = =
y = Ygars for average life = 2 * Y = 150
pH = pH of soil envivonment = 7.8
o= Boil resistivity = 3350 chm—om
yl = Years for average life for t=.032 in. - ,
= 27.58%(log(R)-1og(2160-2490%1loagCpH) ) for pH <= 7.3
= Z.94 ¥ FE™.41, pHX7.3 = 8z years
af = Adjustment factor requivred = y / yl = 1.83
Adjustment Factor Used : 2.2
Corvesponding t: 0.103 in.
Select Corrugation for Minimum Thickness of 0.109 in.
Corrugation v d/r fi a t I ff
Cind tim (psi) Cin™2/fty Cind (in™4/ft)
1-1/8%1/74 0. 08O 1275 2333 2. 494 0. 109 0.010 0. 404
2x1/2 0.170 00 10534 0.352 0.109 0. 042 0.098
227301/ 2 0.1728 593 10784 0.340 0.103 0.041 0.101
3 x 1 0.344 297 25291 0,230 0.103 0.185 0.022
5 % 1 0.368 277 25380 0. 2249 0,105 0,188 0.022
& x 2 ©.688 148 25385 0,223 0. 109 0.725 0. 008
Use for Design: Corrugation = 3 % 1 in
Thickness = 0,109 in



Ith Btreet ERZ097
Corrugated Metal Fipe v 05718793
Structural Design BJIF /M

Fe: Handbook of Steel Drainage and Highway Construction Froducts,
Amer ican and Steel Institute, 1983, Chapter 3, Pages 99-1324.

Site conditions, - : 7
FIFE RECORD NUMBREFR: 2

LOCATION: S8TA 18+350
d = Fipe diameter = 102 in
h = Height of cover == 9 ft
w = Weight of soil = 140 pof
bsd = Backfill scil density (AASHTO specified) = 95 %A
pH = pH of soil environment = 7.8
FE = 8oil resistivity = 3350 chm=—cm
Compute dead load,
DL. = Dead laad = h % w = 1260 psf

Compute live load,
Live load on effective plane at top of pipe (LL) from
Concrete FPipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS5-20 loading configuration:

F = Point Load = 48000 Lbs
IF = Impact Factor = 1
L. = Length of Flane = 20.58 ft
W = Width of Flane = 21.42 ft
Favg = Average Fressure Acting on Flane
= F % IF / W /7 L = 109 psf
L. = Live locad = 109 psf

Compute the design load,
pv = Design pressure = DL + LL = 1369 psf
Structure design,

g = Span = d/12 = 8.3 ft
c o= Ring compression = pv ¥ g/2 = 5818 ppf
ko= Load factor = 0.65
r = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6€, page 1035 psi
a = Wall section area = o/fc in"z/ft
t = Thickness from Table 3-2, page 107 Coin
I = Moment of inertia from Table 3-2, page 107 im™d/ft
E = Modulus of elasicity SE+07  lb/in™Z2
ff = Flexibility factor = d"2/E/I%12 < 0433 for factory made pipe.
L L Q200 for field assembled pip
Corrugation  r d/r fo a t I ff
tind €ind Cpsil)  (in™2/7ft)  Cimd Cin™4/ft)
1-1/2%w1/4 Q. 080 1275 2333 2.9 0.168 0. 020 0.2
2xl/2 O. 170 &00 10534 0,552 0,052 0.018 0.226
22736172 D.173 593 10784 0.540 Q.052 0.018 0023
3 %1 O, 344 297 2E3E91 0,230 0. 034 0,051 0. 081
5 % 1 0. 368 277 25385 0. 239 0. 064 0. 106 0,039
& % 2 0.688 148 25385 Q. 229 0,109 0.725 0. 006
—'%A



t = Minimum thickness for strength

Belect thickness for a 73-year first perforation or

Y = Years for first perforation =
y = Years for average life = 2 % Y

pH = pH of soil envivronment
F = 82il resistivity
vyl = Years for average life for t=.0352 in.
= 27.598% (lag(R)-1og(2160~-2490%log( pH) 3
= 2,94 * R™.41, pHX7.3
af = Adjustment factor required =y / yl

Adjustment Factor Used @
Covresponding bt

Select Corrugation for Minimum Thickness of

Corrugation v d/r fo &
tind €ind (psid Cinm™2/f%2

1-1/72%1/4 0. 08O 1275 2333 2. 494
2ul/s2 0.170 &00 1053¢ 0.352

22/ BRIL2 0.172 593 10784 0. 540
3 ox 1 0. 3494 297 25291 0. 230
5w 1 0. 368 277 25385 0.229
& x 2 0.688 148 25385 0. 229

Use for Design: Corrugation =

Thickness =

H

for pH

i h

0.103

Cind

Q. 109
0. 109
Q. 109
0. 109
Q. 109
0,109

w 1

0,109

172

1N«

tin™4/ft]

in
in

0. 064

oy o

75
150
7.8

3350

7.3
8z
1.83

alow ol

0.1039

I

0,010
0. 02
0. 041
0.185
0.188
0.725

'ras”

ir

average life,

chm—om

years

in.

ff

0. 303
Cl L 058

. 101
0,022
0.022
0.006



Fth Street ER3037
Corrugated Metal Fipe O/ 18/ 97
Structuwral Design BJF /M

Fes Handbook of Steel Drainage and Highway Construction Froducts,
American and Steel Institute, 1383, Chapter 3, Fages 99-124.

Site conditicons,

FIFE RECORD NMUMBEER: 3
LOCATION: STA 2Z5+45
d = Fipe diameter = 102 in
h = Height o=f cover = 10 ft
w = Weight of soil = 140 pof
bed = Backfill scil density (AASHTO specified) = NI
pH = pH of soil environment = =
Fo= Somil resistivity = 3330 chm=-cm

Compute dead load,
DL. = Dead load = h % w = 1400 psf
Compute live load,
Live load on effective plane at top of pipe (LLY from
Concrete Fipe Handbook, acpa, 15988, pg 4-38 - 4-33:
Critical HS-20 loading configuration:

Fo= Point Load == 48000 Lbs
IF = Impact Factor = 1
L. = Length of FPlane = 22.33 ft
W = Width of Flane = 23.17 ft
Favg = Average Fressuwre Acting on FPlane
= F % IF / W / L = 95 psf
LL = Live load = 93 psf
Compute the design load,
pv = Design pressure = DL + LL = 14933 psft
Structure design,
g = Span = d/12 = 8.3 ft
o o= Fing compression = pv ¥ s/2 == 6344 ppf
ko= Load factor , = 0.65
r o= Radius of gyraticon from Table i1-4, page 42 in
fo = Allowable wall stress from Figure 3-8, page 103 psi
a = Wall section area = c/fc in™2/ft
t = Thickness from Table 3-32, page 107 in
I = Maoment of inertia from Table 3-2, page 107 in™4/ft
E = Mocdulus of elasicity SE+07  1lb/in™2
ff = Flexibility factor = d"2/E/I%12 < 0438 for factory made pipe.
S L.0200 for field assembled pip
Corrugaticon v d/r feo a t I ff
Cind £im) (psid)  Cin™2/ft)  dinmd Cin™a/ft)
1-1/2%1/4 0. 080 1273 2333 2.720 0.168 0,020 0,212
2w/ 0. 170 500 10834 0. 602 0.052 0.018 O.226
R RC R W O.172 593 10784 0.588 0,052 0.018 0.23]
3 % 1 0. 3 297 25291 0.251 0. 034 0,051 0.081
5w o1 0. 368 277 25385 0. 250 0. 064 0. 1086 0.053
& w2 0. 688 148 2538Y 0. 230 0,109 0. 725 0. 006
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t o= Mimnimum thickness for strength

0. 064

in

Select thickness for a 79-year first perforation or 1/2 average life,

Years for first perforation =

Y =

y = Years for average life = 2 ® Y

pH = pH of soil environment

o= 8oil resistivity

vl = Years for average life for t=.032 in.
= 27,58%(loag(RI-1og(2180-2490%1agipH) )l
= 2,94 * R™.41, pHX7.3

af = Adjustment factor required =y / vyl

Adiustment Factor Used @
Corresponding t:

Select Corrugation for Minimum Thickness of

Corvrugation v d/v f a
£ind tind tpsi) C(in™2/ft)

1-1/2%x1/4 0. 080 1275 2333 2,720
Twl/3 D.170 &00 10334 0.602

2-2/3%1/2 0.172 593 10784 0.588
3 % 1 0. 344 297 25291 Q.251
5 ox 1 0. 3268 277 28285 0.250
& % 2 0. 688 148 25385 0. 250

Use for Design: Corrugation =

Thickness =

W

for pH =

0.109

t
tind

0.109
0. 109
0,109
0,105
0. 109
0.109
C I |

0.109

in.

cin™4/ft?

in
in

75
150

3930

7.2
88
1.71

0.103

I

0.010
0. 042
0.041
0.185
0.188

0.725

chm—om

years

ir.

ff

0. 30
0.098
0.101
0. 02z
0.0z
0. 008



Sth Street ER3097
Corrugated Metal Pipe 05/18/33
Structuwral Design BJIF/EM

Fer Handbook of Steel Drainage and Highway Construction Froducts,
American and Steel Institute, 1983, Chapter 3, Fages 99-124.
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Site conditions, : - :
FIFE RECORD NUMEBER: El

LOCATION: 8STA 28+45.71, 23,2
d Fipe diameter &6 in

i = Height of cover = 11.5 ft
w = Weight of soil = 140 pcof
= Rackfill scil density (AASHTO SPELlfIEd) = 95 4
pH = pH of scil environment =
= Suil resistivity =
Compute dead load, )
Dl. = Dead load = h ¥ w = 3
Compute live load,
Live load on effective plane at top of pipe (LLY from
Concrete Pipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS-20 loading configuration:
F = Point Load

1
ot
m
ot

o]
n
-+

48000 Lbs

IF = Impact Factor = 1
L. = Length of Flane = 24.95 Tt
W = width of Flane = 25.79 ft
Fa = Average FPressure Acting on Flane
=P % IF / W / L = 75 psf
.l = Live load = 75 psf
Compute the design load, .
pv = Design pressure = DL + LL = 1685 psf
Structure design,
s = Span = d/12 = S.5 ft
- = RFing compression = pv ¥ s/2 = 4633 ppf
ko= Load factor = 0.65
r = Fadius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall section area = c/fc in™2/ft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-2, page 107 in™4/ft
E = Modulus of elasicity SE+Q7  lb/in™2
ff = Flexibility factor = d™2/E/I%12 4 0432 for factory made pipe.
LQ200 for field assembled pip
Corrugation d/sr fo a t I ff
tin? £in? tpsi)  Cin™2/ft) (im Cin™4/ft)
1-1/7&8x1/74 0. 080 825 G572 0.831 0.073 0. 007 0. 256
2nl/E 0.170 288 21378 0.217 0.034 0.002 0. 368
L SC TS WA 0,17 284 21835 0,213 0,034 0.011 0. 1886
3 % 1 0.394 192 25389 0.182 0. 034 0. 051 0. 034
5 % 1 0.368 179 25385 0.182 0. 064 0. 106 0.016
& w & 0.688 =) 25385 0.182 0.109 0,725 0.002

—7 -



v

Select th
Y o=
Y
pH
=4
vl

it

Wi

af

Select

Corrugati
tin

1-1/2%1/4
2wl/e
22l Bw1/2
3 x 1
5 ow 1
& x =

Mimimum thickrness for strength

ickness
Years

Years for average life = 2

-y

pH af soil environment
Boil resistivity

Years for average life for t=.032 in.
27.58% (log(RI-1logiRle0-2490%1 agtpHl )

T.9d % R4,

pH>7.3

Adjustment factor requirvred
Adjustment Factor Used :
Corresponding

onor d/r
(imd
0. 080 23
0.170 388
0.172 =84
0. 344 132
0. 368 1739
0.688 &

Use for Design:

fo

(psi

5572
21378
21595
25285
25385

25385

y / vyl

Corrugation for Minimum Thickness of

a

Cin~2/ft)

0.851
0,217
0,215
0.1828
0.182
0.182

Corrugation =
Thickness

i

for a 79-year first perforation or 1
for first perforation =

i

i

i oH

for pH <

0.109

t
tin

0,109
0.109
0,109
0.103
0.103
0,109

2wl/2
0. 109

0.034

75
150
9.2

3230

88
1.71

o~

C X

0.109

I

Cin™4/ft)

0.010
0.042
0,091
0.185
0.188

0.725

"~

in

average 1life,

ohm—-com

years

ir.

ff

0.169
0.041
0,042
0. 00%
0. 00
0. 002



Ith Street ERE097
Corrugated Metal Fipe O5/18/ 93
Structural Design BJF /KM

Fe: Handbook of Steel Drainage and Higbhway Construction Products,
Amer ican and Steel Institute, 1988, Chapter 3, Fages 93-124.

Site conditians,

FIFE RECORD NUMBER: 5
LOCATION: 8TA 31+00
d = Fipe diameter = 1i4 in
h = Height of cover = 7.5 ft
w = Weight of soil = 140 pof
bsd = Backfill soil density (AASBHTO specified) = 95 %
pH = pH of scoil envirvonment = H. 3
F o= 8c0il resistivity =z 2430 cbim—-om

Compute dead load,
Dl. = Dead load = h * w = 1030 psf
Compute live load,
Live load on effective plane at top of pipe (LLY from
Concrete Fipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS5-2Z0 loading configuraticonm:

F = Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length =f Flane = 17.'35 ft
W = Width of Plane = 18.79 ft
Favg = Average FPressure Acting on Flane
= o IF / W / L = 142 psf
L = Live load = 142 psf
Compute the design 1load,
pv = Design pressure = DL + LL = 1192 psf
Structure design,
g = 8pan = d/12 = 9.5 ft
co= Fing compression = pv ¥ g/2 = 3663 ppf
ko= Load factor = 0.635
v = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-&, page 1035 psi
a = Wall section area = co/fc in™2/ft
t = Thickness from Table 3-32, page 107 in
I = Moment of inertia from Table 3-2, page 107 im™ad/ft
E = Modulus of elasicity SE+O7  Ib/in™E
ff = Flexibility factor = d"2/E/7I%12 < 0433 for factory made pipe.
4 L0200 for field assembled pip
Corvugation v d/r fo & t I ff
tind Ciny (tpsil)  (in™2/ft) (ind tin™4/ft)
1-1/72%1/4 0. 080 1425 1868 3.032 0.168 0. 020 0.265
2wl/2 0.170 &71 8433 0.672 0. 064 0.023 0,223
R RC RN O.172 &63 B&633 0.656 0,064 0.023 Q. 2283
3 x 1 0, 34 33 E3TYEE 0,237 0. 034 0. 051 0.101
5 % 1 0.368 310 24780 Q.2E3 0.064 0. 106 0. 045
& x 2 0. 688 166 23385 0.223 0.109 0.735 0. 007

-9 —



t o= Mindimum thickrness for strength = 0,109 in
Select thickness for a 73-year fivst perforation or 172 average life,
Y = Yegars for first perforation = = 75
y = Years for average life = 2 % VY = 150
pH = pH of scil envirvonment = F.3
Fo= 8oil resistivity == 2340 chim—om
vyl = Years for average life for t=.0352 in.
= 27.58%(lag(R)~1og(2le0-2430%1lag(pH))) for pH <= 7.3
= Z.94 % R™.41, pH:7.3 = 72 years
af = Adjustment factcocr requivred =y / yl = 2.08
Adjustment Factor Used : 2.8
Covresponding t: 0.109 in.
Select Corrugaticon for Minimum Thickness of 0.109 in.
Covrugation d/r fo a t I ff
Cind €ind (psi) Cin~2/ft)  <ind tin™4/ftD
1-1/72%1/4 0. 080 1425 1868 3. 032 0. 103 0,010 0. 305
2wl/s2 O.170 671 8433 0.E72 0.109 O.042 0.122
2-2/3w1/2 0.172 663 8633 0. 556 0,109 0,041 0. 126
3 % 1 Q. 344 33 23326 0.237 0. 105 0,185 0. 028
3 w1 0,368 310 24780 0.229 0,109 0,188 0.028
& x 2 0.688 166 25389 0,223 0,109 0,725 0.007
Use for Design: Corrugation = 3 % 1 in
Thickness = 0,103 in

-] O~



9th Street ER3097
Corrugated Metal Pipe 05/18/,93
Structural Design BJF /M

Fe: Handbook of Steel Drainage and Highway Construction Products,
American and Steel Institute, 1383, Chapter 32, Pages 93-124.
Site conditions,
FIFE RECORD NUMEBEFR: &
LOCATION: 8TA 37+30
d = Pipe diameter = 1i4 in
h = Height of cover = 10,5 ft
w = Weight of scoil = 140 pcf
bsd = Rackfill soil density (AASHTO specified) = 95 %
pH = pH of scil envivonment == G 3
F = Boil resistivity = 2440 chm=—cm
Compute dead load,
DL. = Dead load = h % w = 1470 psf
Compute live load,
Live load on effective plane at top of pipe (LL)Y from
Concrete FPipe Handbook, acpa, 1988, pg 4-38 — 4-33:
Critical HS-20 loading configuration: {
F = Foint Load = 48000 Lbs
IF = Impact Factor = 1
L. = Length of Flane = 23,20 ft
W = Width of Flane = 24,04 ft
Favg = Average Fressure Acting on Flane
=F * IF / W / L = 86 psf
LL = Live load = 86 psf
Compute the design load,
pvy = Design pressure = DL + LL = 1536 psf
Structure design,
s = Bpan = d/12 = 9.8 ft
c o= Ring compression = pv ¥ /8 = 7391 ppf
ko= Load factor o = 0.653
r = Fadius of gyraticon from Table 1-4, page €2 in
fo = Allowable wall stress from Figure 3-6, page 1035 psi
a = Wall secticon area = co/fc in™2/7ft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3—-2, page 107 in™4/ft
E = Modulus of elasicity SE+0O7  1b/in™2
ff = Flexibility factor = d"2/E/I%12 « 0432 for factory made pipe.
L0200 for field assembled pip
Corrugation v d/r fe a t I ff
€in Cim Cpsi) Cin™Z/ft)  dino Cin™4/ft)
1-1/2x1/4 0,080 1425 1868 3.958 0. 168 0. 020 0. 265
2x1/2 0.170 671 8433 0. 876 0.073 0.029 0.176
E-2/3w1/E O.172 6562 B33 0,856 0.079 0.029 0.181
3 % 1 0. 344 33 23926 0,309 0.034 0,051 0. 101
S ox 1 0.368 310 24780 0.2398 0. 064 0. 106 0. 043
& x 2 0. 88 1&6 20385 0,291 0. 109 QL7258 0. 007
TR




. 4 V,

o=

Select thickness for a 73-year fivst perforation or 1/Z

Y = Yearse for first perforation = =
y = Years for average life = 2 % Y =
pH = pH of soil environment =
R = Saoil resistivity =
yl = Years for average life for t=.052 in.
= 27.58#(1lag(R)-1og(2160~2490%1ag (pH) 1) for pH <
= 2.94 % R™.41, pH:7.3 =
af = Adjustment factor required = y / yl =
Adjustment Factor Used :
Corresponding t:
Select Corrugation for Minimum Thickness of 0.109
Corvugation d/r T & t
£ind €in (psi)  Lin™2/fty  (ind
1-1/2%1/4 0. 080 1425 1868 3.988 0.109
2ul/2 0.170 671 8433 0.87& 0.109
2-2/3uL/2 0.172 663 Be33 0. 856 0.1003
3 % 1 0. 344 33 23926 G.309 0.103
I % 1 0.368 310 24780 0. 298 0.109
& % Z 0. 688 166 25385 0.291 0.109
Use for Design: Corrugation = 3 % 1
Thickness = 0.109
-]z~

Minimum thickrness for strength £

. 1059

75
150
3.3

2440

72
2.08

L ]
e W A

0,103
il

I
Cin™d/ft)

0.010
0. 042
0,041
0.183
0.188

Q.725

in
in

i

average life,

ahm—cm

YEars

ina

ff

0. 505
0. 122
Q.12
0.0:28
0.028
O.007



th Street EK30Y7
Corrugated Metal Fipe Oqle/H“
Structural Design

Fer: Handboolk of Steel Drainsge and Highway Construction Froducts,
Amarican and Steel Institute, 1983, Chapter 3, Fages 99-124.

Site conditions,

FIFE RECORD NUMBER: 7
LOCATION: 8TA 37+30

d = Fipe diameter = 90 in

h = Height of cover == 10.5 ft

w = Weight of sail = 140 pof

bed = Backfill soil density (AABHTO specified) = 95 %A

pH = pH of soil enviraonment = G 3

F = Boil resistivity = 2440 chm=cm

Compute dead load,
DL = Dead load = h % w = 1470 psf
Compute live load,
Live load on effective plane at top of pipe (LL)Y from
Concrete Fipe Handbook, acpa, 1988, pg 4-38 ~ 4-33:
Sritical HS-20 lwoading configuration:

F = Point Load = 48000 Lbs
IF = Impact Factor = 1
- = Length of Flane = E23. 20 ft
W = Width of Flane = 24,04 ft
Favg = Average Fressure Acting on Flane
= F % IF / W / L = 86 psf
LL = Live load = 8 psf
Compute the design load,
pv = Design pressure = DL + LL = 1556 psf
Structure design,
s = Span = d/12 = 7.3 ft
c o= Ring compressicon = pv ¥ s/32 = 3835 ppf
ko= Load factor = Q.65
v = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6&, page 1035 pei
a = Wall section area = co/fc in™2/ft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-2, page 107 in™d/ft
E = Modulus of elasicity IE+O7  lh/in™Z
ff = Flexibility factor = d™2/E/I%12 7 0438 for factory made pipe.
. Q200 for field aszsembled pip
Corvugation v d/r fi a t I ff
Cim tinl (psi) cin™E/fty Uimo tim™d/ fLo
I-1/72%1/4 0. 080 1125 2996 1,347 0. 168 0,020 0.165
21/ 0 170 SR 13531 0,431 0,040 0,014 O.236
MEERC RS W I HE3 13831 0,421 O, 040 0.013 0,240
3 w1 U-u44 el = 25385 0. 230 0. 034 0.0351 0,063
| 0. 268 23 25385 0,230 0. 064 0. 106 0.03
& % =2 0. 688 131 25385 0. 230 0. 103 0. 725 0. 004
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- mk -

t = Minimum thickness for strength

Select thickness for a 7S~year first perforaticon or 1/
Y = Yearsg for first perforation =

i

Yy
pH
F';'

i H

i

yl = Years

i

af

pH*7.3

Years for average life = 2 *%
pH of soil envivonment

Soil resistivity
for average life
27.58%(1log(R)~1og (2160-2490%1ag (pH) 2D
2.94 % REh.4l,
Adjustment factor reqguired =

Adiustment Factor Used :
Corresponding t:

Y

for t=.092 in.

y / yl

Select Corrugation for Minimum Thickness of

Covrrugation v d/r fo a
(in) tind (psiy Cin™2/ft)

1-1/2%1/4 0.080 1125 2996 1.947
2xli/2 0170 529 13531 0.431

2-2/3wl/2 0.172 523 13851 O.421
3 % 1 . 344 263 25383 0.230
S ow 1 0.368 245 25385 0. 230
& x 2 0.688 131 25383 O.230

Use for Design: Corvugation =

Thickness

~ -

i

B HHH

for pH

0.103

t
tind

0.109
0.109
0.109
0.109
0. 109

S 0.109

0.109

0.0649

-

Fa
150
.3

2440

iz 7.3
7z

2.08

2.2

0.109
in.

I
Cin™4/ft:

"r”

0.010
0.042
0.041
0.188
0.188

0.725

in
in

in

average life,

ohm—cm

years

in.

ff

0.313
0.076
0.073
0.017
0.017
0. 004



th Btreet EE3097
Corrugated Metal Fipe 05/18/93
Structural Design BJIF/EM

Fe: Handbook of Steel Drainage and Highway Construction Products,
American and Steel Institute, 1383, Chapter 3, Pages 939-124.

Site conditions,

FIFE RECORD NUMBER: 8
LOCATION: 8TA 40400
d = Pipe diameter = B0 in
h = Height of caver = 10 ft
w = Weight of soil = 140 pof
bsd = Rackfill soil density (AAREBHTOD specified) = 95 %
pH = pH of s2il environment = 8.9
o= Sxil resistivity = E200 ahm-om
Compute dead load,
DL. = Dead load = h * w = 1400 psf

Compute live load,
Live load on effective plane at top of pipe (LLY from
Concrete Fipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS-20 loading configuraticon:

F = Foint Load = 48000 Lbs
IF = Impact Factor = 1
L = Lenagth of Flane = 22,33 Tt
W = Width of Flane = 23017 ft
Favg = Average Fressure Acting on Flane
= F * IF / W / L = 92 psf
L. = Live load = 93 psf
Compute the design load,
pv = Design pressure = DL + LL = 1493 psf
Structure design,
s = 8pan = d/1& = 7.5 ft
o o= Ring compression = pv ¥ s/ = 55398 ppf
ko= Load factor = 0. 65
r = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 105 peil
a = Wall section area = o/fc in™a/sft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-2, page 107 in™4/ft
E o= Modulus of elasicity SE+Q7  1b/in"z
ff = Fle<ibility factor = d"2/E/I%12 < L0438 for factory made pipe.
L D200 for field sssembled pip
Corrugatbion  r d/v fo a t I ff
tind {ind (psil tin™2/fty  Cind Cin™4/ft)
1-1/2wl/74 0. 080 1123 2996 1.868 0. 168 0.020 0.165
2wl/sz 0.170 Sa9 1383 O.414 0. 040 0.014 0.236
R AC T Wk Q.17 523 13851 0. 304 0. 040 0.013 0. 240
3 % 1 Q. 344 e 25385 O.221 0. 034 0.051 0,063
I % 1 0.368 245 25385 0.221 0. 064 0. 106 0. 031
B x 2 0. 688 131 2532808 .22 0 0,109 0,735 0. 004
-5




Q. Oed ir

I

t o= Minimum thickness for strength

first perforation ocr 172 average life,

g g

Select thickness for a 7d-year

-y R ) N ) e G W o W e

Y = Years for first perforation = = 75
y = Years for average life = 2 % Y = 130
pH = pH of scil environment = 8.9
o= Soil resistivity = 2200 obif--cm
yl = Years for average life for t=.032 in. -
= 27.58%Clog(R)~1ag(2160~-2430%1lag(pH) 1) for pH <= 7.3
= 2,94 ®* R™.41, pH:7.3 = &3 YEArS
at = Adjustment factor required =y / yl = P
Adjustment Factor Used : 2.2
0.109 ir.

Select

Corvresponding t:

Corrugation for Minimum Thickness of

Covrugation v

Cind

1-1/2x

174

Cin

0.080
0.170
0.172
Q. 344
0.368
0.688

Use for Design:

d/vr

1128
529

B ooy Y
[ N

26z
245

131

fo
{psil

2996
13531
12851

25385
25385

23385

a
tin™a2/ft)

1.868
O.414
0. 404
O.221
0.221

0. 22

Corvugation =
Thickness

0.1059

t
(in?d

0.109
Q0,109
Q. 103
0,109
0.109
0. 109
3 % 1

0.103

in.

Cin™d/ft)

0.010
0.042
O.041
0.183
0.188

Q.725

in
in

ff

0.315
0.07&
Q.79
0.017
0.017
0. 004



9th Street ERIZOT7
Corrugated Metal Pipe 05/18/33
Structural Design BJIF /KM

Fes Handboolk of Steel Drainage and Highway Construction Products,

Site conditions,

FIFE RECORD NUMEER: e
LOCATION: STA 45+00
d = Fipe diameter m 90 in
h = Height of cover = B.5 ft
w = Weight of soil = 140 pof
bed = Backfill soil density (AASBHTO specified) == = Il
pH = pH of so0il envirvonment = 8.9
R o= Szil resistivity = 2200 ohim-—om

Compute dead load,
DL = Dead load = h % w = 1330 psf
Compute live load,
Live load on effective plane at top of pipe (LLY from
Concrete Pipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HE-20 loading configuration:

F = Faoint Load = 48000 Lbs
IF = Impact Factor = 1
L. = Length of Flane = 21.45 ft
W = Width of Flane = 22029 ft
Favg = Average Fressure Acting on Flane
= F % IF / W/ L = 100 psf
LL = Live load == 100 psf
Compute the design 1load,
pv = Design pressure = DL + LL = 14320 paf
Structure design,
s = Bpan = d/12 = 3 Tt
co= Ring compression = py ¥ s/2 = 364 ppf
ko= Load factor = 0. 60
r o= Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 1035 pel
a = Wall section area = co/fc intZ/ft
t = Thickness from Table 3-2Z, page 107 in
I = Moment of inertia Trom Table 3-2, page 107 in™4/1ft
E = Modulus of elasicity SE+Q7  1b/in™2
ff = Fle<ibility factor = d™2/E/I*12 < 0433 for factory made pipe.
0200 for field assembled pip
Corrugation r d/r fiz a t I ff
Cimd €ind (psi)  Cin™2/ft)  (inmd Cin™4/f%)
1-1/2%1/4 0. 080 1125 2YIE 1.790 0. 168 0.020 0,163
2ul/sE Q. 170 g 13531 0.396 0. 034 0,002 1.800
223012 0.172 23 13851 0. 387 0.034 0.011 0. 289
3 % 1 0. 344 2EE 253839 O.211 0. 054 0.0351 0. 063
5 o= o1 0. 368 245 2HEBS 0,211 0. 064 0.106 0.031
& % 2 0.688 131 25385 Q.21 0109 0.725 0, 00

_.,[7,,



o= Minimum thickness for strength 0,064 im

Select thickness for a 78-year first perforation or 1/2 average life,

Y = Years for first perforation = = 75
y = Years for average life = 2 ¥ Y = 150
pH = pH of scil environment = 8.9
E = Soil resistivity = 2200 ohm-om
vl = Years for average life for t=.032 in.
= 27.598% (laglRi-1oag(2160~2490#lagipHl ) for pH <= 7.3
= Z.94 % R™.41, pH:X7.3 = (3] yEars
af = Adjustment factor required = y / yl = 2.17
Adjustment Factor Used : ‘ el
Corvesponding t: 0.103 irr.
Select Corrugation for Minimum Thickness of .10% in.
Corvugation v d/r f a t I ff
Cind Cin? {psi) cin~2/fty (ind Cin™4/ft)
1~-1/2%1/4 0.080 1125 2996 1.730 0.109 0.010 0.315
Exl/2 0.170 S 1353 0.396 0.109 Q.02 0.076
2-2/3ul/2 0.172 523 13851 0.387 0.109 0. 041 0,079
3 % 1 0. 344 282 25385 0,211 0.1039 0,185 0.017
S x 1 0.368 245 25385 0.211 0. 109 0,188 0.017
& % =2 0.688 131 25389 D.211 0,109 0,723 0. 004
Use for Design: Carrugation = 2w 1 in
Thickness = 0,109 in

- /EB'”
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Ith Street
Corrugated Metal Fipe

Fe: Handbook of Steel Drainage and Highway Construc
Amer ican and Steel Institute, 1983, Chapter 3,
Site conditions,
FIFE RECORD NUMBER:
LOCATION:
d = Fipe diameter
h = Height of cover
= Weight of soil
bed = Backfill soil density
pH = pH of soil environment
o= Bodl resistivity

CARSHTO specified)

Compute dead load,
DL = Dead laad = h % w
Conpute live load,

Live load on effective plane at top of pipe (LL) f
Concrete Fipe Handbook, acpa, 1988, pg 4-38

Critical HS-20 loading configuration:
F o= Point Load
IF = Impact Factor
L = Length of Flane
W = Width of Flane
Favg = Average Fressure Acting on Flane
= F % IF / W /7 L
Ll = Live load
Compute the design load,
pv = Design pressure = DL + LL
Structure design,
g = SBpan = d/12

ER3Z097
05/18/33
BIF/EM

tion Froducts,
Fages 99-124.

10
STA 36+00
= 78 in
= 10 ft
140 pof
= 95 %
= 8.9
= L2000 chm~om

1400 pef

Y on

- 4-33:
48000 Lbs

22,33 ft

23.17 ft

| I
Pt

= 93 psf
= 93 psf
== 14393 paf

E.S ft

i
o
u

co= Ring compression = pv ¥ s/2 = 185 ppf
o= Load factor = 0,65
r = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-8, page 105 psi
a = Wall secticn area = o/fc in™a/sft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-2, page 107 inT4/ft
E = Modulus of elasicity SE--Q7  1b/in™2
Tf = Flexibility factor = d™2/E/I%1Z2 < 0433 for factory made pipe.
OO0 for Tield assembled pip
Corrugation  r ad/r fi & t I ff
Cimd {ind fpsil Cin™E/fE) 0 Cimd Cin™4/ft)
1-1/2x1/4 0. 080 DTG 3983 l1.216 0.109 0.010 0.2386
2wl/E 0. 170 459 17682 0275 0. 034 0.002 . 282
PEETAC ET R O.17%2 453 17356 0. 270 0.034 0.011 0,217
3 % 1 0344 2E7 25389 0.131 0. 034 0. 031 0,047
S ow 1 0.368 212 25385 0.191 O, GG 0. 106 0. 020
& w 2 0. 688 113 25385 0. 1391 0. 109 0.725 0.003



t

Mimimum thickrness

strength

Q. 064

in

Select thickness for a 75-year first perforation or 1/2 average life,

Y

Y
pH
=
yi

af

Select

B HnH

I I

Corrugation

Years for first perforation =

Years for average life = 2 % Y
pH of soil environment
Soil resistivity
Years for average life for t=.052 in.

27.58% (log (R -1ag (2160-2490%1 ag (pH) 3 )
2,034 % R4,

pH*>7 .3

Adjustment factor required
Adjustment Factor Used :
Corresponding 6

Corvugation v

Cima

1-1/72%1/4

exl/2

Z-2/3x1/2

w1
% 1

o
A an

haw

Ciny

0.080
0170
0.172
0.344
0.326e8
0.688

d/r

975
455
453
227
212

113

Use for Design:

fa

(psil

3983
17652
17956
25385
25383

25385

y / yl

for Minimum Thickness of

a

(in®2/7f%)

1.216
0.275
0.270
0.191
0.131
.13l

Covrugation =
Thickness

I B O 1

g
=
a
I

#

it

0.109

t
{iny

0.109
0.109
Q0.109
QL1009
0.1039
0. 109
g w1

0. 109

= 7.

TS
150
8.9

2200

3

&3
2.17

E )
R

0.109

in.

I
Cin™4/ft)

0.010
0. 042
0.041
0.183
0.188

0.725

in
in

ohm—om

Years

in.

ff

0.23
0. 057
0.039
0.013
0.013
0.003



Ith Street ER3037
Corrugated Metal Fipe O5/18/93
Structural Design BJF /M

Fe: Handbook of Steel Drainage and Highway Congtruction Froducts,
American and Steel Institute, 1983, Chapter 3, Fages 99-124.

Site conditions, - , :
FIFE RECZORD NUMBEP i1

LOCATION: 5TA 99+€1.60
d = Pipe diameter = 78 in
h = Height of cover = 11.5 ft
w = Weight of soil = 140 pof
bsd = Backfill soil density (AASHTO specified) = 95 %
pH = pH of soil environment = 8.0
F o= Boil resistivity = 3670 cbim— m

Compute dead load,
DL. = Dead load = h % w = 1610 psf
Dompute live load,
Live load on eff9|t1ve plane at top of plpe by from
Concrete Pipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Eritical HS-20 loading configuration:
F = Point Load

48000 Lbs

IF = Impact Factor = 1
L o= Length of Flane = 24,95 ft
W = Width of Flane = 25.79 ft
Favg = Average Fressure Acting on Flane
= P % IF / W /7 L = 758 paf
LL = Live load = 75 paf

Compute the design load,
pv = Design pressure = DL + LL
Structure design,

H

1685 psf

s = Span = d/12 = &.3 ft
c = Ring compression = pv ¥ s/2 = 5475 ppf
k= Load factor = Q.63
¥ = Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 103 psi
a = Wall section area = c/fc ' in™2/sft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3~Z, page 107 inTg/ft
E = Modulus of elasicity SE+O07  1lb/in™Z
ff = Flexibility factor = d"Z/E/I#12 < 0433 for factory made pipe.
LOZ00 for field assembled pip
Corrugation v od/v fo a t I ff
Cind tin? tpsil)  Cin™2/ft)  Cimo Cin™4/ft)
1-1/2x1/4 0.080 G975 3989 1.372 0,128 0.014 0.168
2xl/2 0.170 459 ilﬁu; 0.310 0.034 Q.002 1.u5:
B2/ 3w1/2 0.172 483 1733 0.305 0,034 0.011 0.217
3 % 1 Q. 344 2E7 25385 0.216 0. 034 0.051 0. 047
G w1 0.368 212 25385 0.216 0. 064 0.106 0,028
& % 2 0. 688 113 253859 0.216 0. 109 0. 725 0.003

,221——
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t o= Mipimum thickness for strength

inr

Select thickness for a 79-year first perforation or 172 average life,

Y = Years for first perforation =

Y Years for average life = 2 % Y
pH pH of soil environment

F Soil resistivity
vl Years for average life for t=,082

h

irn.

Ii

it

2.94 * Re.41l, pH:XT7L3

af = Adjustment factor required = y / yl
Adjustment Factor Used
Corresponding t:

Select Corvugaticon for Minimum Thickness of

Corrugation v d/r fo a
€ind timd (psil Cin™2/ft)

1-1/2%1/4 0. 080 978 3985 1.372
Exl/2 Q.170 453 17652 0.310

B-2/3x1/72 0,172 453 17956 0,305
3 % 1 O.344 227 25589 0.216
S %1 0. 268 21z 25585 0,216
& x 2 0. 688 113 25385 0,216

Use for Design: Covrugation =

Thickness =

22 -

27.58%(1og (R ~1og (2160-2430%1ag (pH) ) )

it

for pH <

0.109

t
(ind

0.109
G109
0,109
0. 109
0. 109
O.109
I S|

0.109

Cin™4/ft)

ohm—om

Years

in.

ff

0.23

0,087
0,059
0.013
0.013

0,003



Ith Street ER3Z097
Corrugated Metal Fipe 05/18/93
Structuwral Design BJF/}M
Fe: Handbook of Steesl Drainage and Highway Construction Fruduuts,

Amer ican and Steel Institute, 1983, Chapter 3, Fages 39-124.

Site conditions,

FIFE RECORD NUMBER: 2
LOCATION: oL 8STA O9+76.47
d = Fipe diameter = 78 in
lh = Height of cover = 12.5 %
w = Weight of sail = 140 pof
bsd = Rackfill soil density (AASHTO specified) = 9IS A
pH = pH of soil environment = 8.0
E = 8oil resistivity = 370 chim—om
Compute dead load,
DL. = Dead load = h * w = 1750 psf

Compute live load,
live load on effective plane at top of pipe (LL) from

Concrete Fipe Handbook, acpa, 13988, pg 4-38 - 4-33:

Irltloal H8-20 loading rmnflquratlun.
F = Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Flane = 2EL.T70 Tt
W = Width of Flane = 27.94 ft
Favg = Average FPressure Acting on Flane
= F % IF / W / L = &5 psf
L = Live load = &5 psf
Compute the design laoad,
pv = Design pressure = DL + LL = 1815 psf
Structure design,
g = Span = d/12 = B.5 ft
o= Fing compression = py ¥ /% = 5900 ppf
ko= Load factor = 0.635
r o= Radius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall section area = o/fc in™2/sft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-%, page 107 in™d/ft
E = Modulus of elasicity SE+07  1b/in™2
ff = Flexwibility factor = d*2/E/I%#12 < 0433 for factory made pipe.

L0200 for field assembled pip

Corrugation  r d/y fo a t I ff
Cim) £imd (psil Cin™2/fty Cind cin™4/fto

I—-173%wi/74 0. 080 TG 3983 1.479 0.138 Q.01 0.168
2x1/72 Q.l70 459 17652 0.334 0. 034 0,002 1,352

E-2/3R1/2 Q172 453 17356 0329 O. 034 0.011 QL2117
3 % 1 Qw3 227 2353859 0. 232 0. 03 0. 051 0,047
S5 o% 1 0. 368 P 25385 Q.23 0. 064 0. 1086 0,023
& % 2 0. 688 113 25585 O.232 0. 109 Q.725 0. 003

—~%



s

Balect

thickness

\{ )

pH
R

vyl

af

Select

Corrugation v

(ind

1—-1/2%1/4
2xl/se

P2l 3wl 2

”~ .
I
= .
v IS
& w 2

it

it H

B ouH

Corvugat ion

Mirmimum thickness for strength
for &
Years for first perforation =

Years for average life = 2 % Y

pH of s0il environment

Soil resistivity

Years for average life for €=.082 in.
27.98%(logiR)~1ag(2160-2430%] ag (pHd 1)
2.94 % L4, pHX7.8
Adiustment factor required =
Adjustment Factor Used

Corvesponding ta

y / vyl

for Minimum Thickness of

d/r fo a

Cind (psi) Cin™2/ft%)
0.080 75 3989 1.479
0.170 453 17652 0. 33=
0.172 453 17956 0,323
0. 344 227 25385 0.232
0. 368 212 25383 Q.232
0.688 113 233283 0.232

Corrugation =
Thickness =

Use for Design:

~;2£/,\

7i-year first perforation or

= 0. 06 ir
172 average life,
= 75
= 150
= g8
= 3670 chim-=-om
for pH <= 7.3
= 85 years
= 1.76 '
0. 109 in.
0.103 in.
t I ff
£in? Cin™4/ft)
0,103 Q.010 0023

Q.042
0. 041
0.185
0.188
0.725

Q. 109
0.109
0,103
0. 109
0.109

3 % 1 in
0. 109 in

0. 057
Q. 059
0.013
0.013
0.003



th Btreet ERZOD7
Covrugated Metal Fipe OS5/ 18/93
Structural Design BIF /EM

Fe: Handbook of 5teel Drainage and Highway Construction Froducts,
Amer ican and Steesl Institute, 1983, Chapter 3, Fages 399-124.
Site conditions, : - :
FIFE RECORD NUMRER: 3

LOCATION: CL STA 23+45, STUR
d = Fipe diameter = EE in
h = Height of cover = 11.5 ft
w = Weight of soil = 140 pof
bsd = Backfill soil density (AASBHTO specified) = 9S4
pH = pH of soil envivonment = Gl
F = Boil resistivity = 3330 ohim—cm

Compute dead load,
DL. = Dead load = h % w = 1610 pef
Compute live load,
Live load on effective plane at top of pipe <LL) from
Concrete Fipe Handbook, acpa, 1988, pg 4-38 — 4-33:
Critical HSE-20 loading configuration:

F = Foint Load = 48000 Lbs
IF = Impact Factor = 1
L. = Length of Flane = 24.95 ft
W = Width of Flane = 25.79 1t
Favg = Average Fressure Acting on Flane
= F % IF /7 W / L = 75 psf
L. = Live load == 75 psf
Compute the design load,
pv = Design pressure = DL+ LL = 1688 psf
Structure design,
s = Gpan = d/1Z = S.5 ft
o= Ring compression = pv ¥ /2 = 4633 ppf
ko= Load factor = 0. 635
v o= RFadius of gyration from Table 1-4, page 42 in
fo = Allowable wall stress from Figure 3-6, page 1035 pei
a = Wall section area = o/fc int2/ft
t = Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 3-32, page 107 in™4/ft
E = Modulus of elasicity SE+Q7  1b/in™Z2
ff = Flexibility factor = d™2/E/I%12 < 0433 for factory made pipe.
L0200 for field assembled pip
Corrugation v d/r fi & T I ff
£imd tin (psid  Cin™2/ft)  (ind Cin™d/ft)
1-1/72w1/4 0, 080 823 SEH72 0,851 0,073 0.007 0.256
w1/ 0.170 388 21378 Q0217 0. 03 0.002 0. 968
2-2/3%1/2 0172 384 21595 0,218 0. 034 0.011 0. 1386
3 x| 0. 34+ 192 25589 0.182 0.034 0.051 0. 0354
3 % 1 0. 368 173 25388 0. 188 0. 06 0. 106 DL.OLE
& % 2 0. 688 1) 25389 0.18& 0.109 0.725 0.002

a—— Z‘ c‘&*“"



Select thickness for a 7S—-year first perforation or 1/2

t

Y

Y
pH
R

vl

af

Select

oo noun

i

Minimum thickness for strength

Years for first perforation =

Years for average life = 2 ® Y

pH of soil environment

Boil resistivity

Years for average life for t=.032 in.
27.598% (logRr~1log(2160-2430#%1ag (pHY )2
2e9d ® RT.41, pHETLE

Adjustment factor reguired = y / vyl
Adijustment Factor Used :
Corvesponding ©i

Corvrugation for Minimum Thickness of

Corrugation r d/r T a
(inJ (ino (psi) Cin™2/ft)

1-1/72x1/4 0. 08O 25 5372 0.831
P W 0.170 388 21378 0,217

2-2/3%l/2 0,172 284 21595 0,215
3% 1 0. 344 192 25385 0. 182
S % 1 0.368 179 25385 0.182
& % & 0.688 6 25585 0. 182

Use for Design: Corrugaticon =

Thickness =

26 -~

i

ol

H o

for pH <=

t

Cind Cin™4/ft)

0.103
0. 109
0,109
0,109
0.109
D.109

2vwl/s2 in
0,109 in

0. O3

in

average life,

75
150
9.2

3950

a8
1.71

0.109

0.109 in.

I

0.010
Q. 042
0,041
0.185
0.188
0.725

chim—om

years

in.

ff

Q.163
Q.041
0. 042
0. 009
O, 00 ke
0. 008
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IT.

Introduction

City of Phoenix project St-887299 is a major trunk storm drain
in 9th Street between Bell Road and Union Hills Drive. The
storm drain and catch basin system have been designed to
intercept the two year storm. The drain has also been
designed to provide the outfall system for two detention
basins; Basin No. 2 (ST-896803), located at 9th Street and
Union Hills Drive, and Basin No. 5 (ST-896837), located at 9th
Street and Campo Bello Drive. , For the 100 year storm, the
outflow from Basin 5 will be 295 cfs and the outflow from
Basin No. 2 will be 336 cfs. This storm drain will connect to
what will be an existing drain in Bell Road (P-860981).

Main Trunk Sewer HGL

Two separate segments were used to compute the HGL profile
for 9th Street. The first segment extends from the
beginning project Station 12+55 (just north of Bell Road)
to Detention Basin No. 5. A fixed invert of 1365.60 and
HGL elevation of 1381.83 at Station 12+55 were taken from
MCHD Project No. 68553 and C.0.P. No. P-860981 by John
Carollo Engineers, February, 1990. An invert elevation of
1372.00 was provided for Detention Basin No. 5 by Project
Engineering consultants, Ltd. It was necessary to lower
this elevation 1' from 1372.00 to 1371.00 in order to
accommodate a 24" water line north of the basin which could
not be relocated.

The second segment extends from Basin No. 5 to Basin No. 2.
The segment was designed with a starting invert elevation
at Basin 5 of 1371.00 (lowered from 1372.00 as mentioned
previously) and an ending invert elevation of 1389.00 at
Basin No. 2 provided by HDR Engineering, Inc. A High Water
Level ot 1386.00 at Detention Basin No. 5 taken from the
Preliminary System Layout by NBS/Lowry Engineering was also
used as a pasis of design. The critical section of this
design is the segment from Detention Basin No. 5 to Station
31+00 where the HGL is less than two feet below the
finished grade. Subseguent contact with Project
Engineering Consultants, Ltd. indicated that the Highwater
Level for Basin No. 5 had been raised from 1386.00 to
1388.00. This increase would raise the HGL by two feet
throughout this segment and cause the HGL to be above
ground in the critical section mentioned previously.
Therefore, the system was designed using 1386.00 as the HWL
for Detention Basin No. 5.



III.

Iv.

VI.

Inlets

Location and sizing of inlets is based on the City of Phoenix
Storm Drain Manual. The drainage area for the project was
delineated and broken into 12 sub areas, each contributing to
an inlet. Two M-1-P-1569 (L=10') inlets have been placed near
the intersection of 9th Street and Grovers Avenue, 2all
remaining inlets consist of 40' slotted drains connected to
modified Type N Catch Basins located in the inverted crown of
the street. :

Connector Pipes

Calculations followed the City of Phoenix procedure for
connector pipe design. It was determined that 15" reinforced
concrete connector pipes would be adeguate for 8 of the inlets
while the other four would require 18" pipes.

D~-Loads

Calculations were performed following the new City of Phoenix .
guidelines which assume a positive projection condition. This
procedure was based on information from the Concrete Pipe
Handbook and Concrete Pipe Design Manual as included in the
list of reference documents. Values for Ku, Weight of soil,
Coefficient of Friction, settlement ratio, projection ratio
and factor of safety supplied by the City were used. The D-
Loads calculated using this positive projection condition
assumption were then compared to D-Loads calculated assuming
trench conditions at the transition width. In all cases, the
trench condition produced the higher D-Load which was included
in the altermnate pipe chart. Calculations were performed for
both the main line and the connector pipes.

Corrugated Metal Pipe

Calculations for the minimum gage of corregated metal pipe to
be used were performed using the new City of Phoenix
guidelines based on information contained in the Handbook of
Steel Drainage and Highway Construction Products, as included
in the list of reference documents. Minimum thicknesses for
strength and for a 75~year first perforation were computed
separately and then compared. The thicker of the two was then
used to specify the minimum gage required. Calculations were
performed for the main line, connector pipes and slotted drain
pipes.
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10.

11.
12.
13.
14.
15.
16.
17.
18.
19.

9th Street Major Trunk Sewer
L.ist of Reference Documents

City of Phoenix Engineering Department Administrative
Procedures No. 13 and No. 55.

Preliminary System Layout of North Central Master Storm
Drainage by NBS/Lowry Engineering, 9/13/89.

Soils Report by Thomas - Hartig and Associates.
City of Phoenix Storm Drain Manual, 1987 Revised Edition.
Evans, Kuhn & Associates, Inc., Field Notes.

Concrete Pipe Handbook, American Concrete Pipe Association,
1988.

Concrete Pipe Design Manual, American Concrete Pipe
Association, 1987.

Handbook ot Steel Drainage and Highway Construction
Products, American Iron and Steel Institute, 1983 Third
Edition.

Project Engineering Consultants, LTD. - Information
pertaining to Detention Basin No. 5.

HDR Engineering, Inc. - Information Pertaining to Detention
Basin No. 2.

City of Phoenix Official 1/4 Section Maps - 37-29, 38-29.
City of Phoenix Official Contour Maps - 37-29, 38-289.
Southwest Gas Distribution - 37-29, 38-29.

Underground Electric Distribution - 37-29, 38-29.
Mountain Bell - Buried Facility maps - 37-29, 38-29.

City of Phoenix Water 1/4 Section Maps - 37-29, 38-29.
City of Phoenix Sewer 1/4 Section Maps - 37'29, 38-29.
City of Phoenix Right-Of-Way maps - 37-29, 38-29.

Handbook ot Hydraulics, Horace King and Ernest Brater,
McGraw Hill, 1963, Fifth Edition, pp. 6-14.
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9th Street Major Storm Trunk Sewer EK3037
Bell frad to Basin No. 7/2/51
57-887233 BJF
Table N {1, Site Data ‘
! Point Llength  Pipe  Type «f Pipe Flow Pipe Finished Pipe |
I Station Diameter Thickress Ke Grade  Slope |
I Neo {Ft) (In) Pipe {Ind {Cfs)  N-Value {Elev) (Ft/Ft) |
| }
IStarting EGL = 1382. 36 }
IStarting HBL = 1381,83 !
IStarting Invert Elev. = . 1365, 50 |
} |
I 1 12 + 55,00 1382, 70 |
] 5.00 9% rop 9,50 2% 0,013 0, 00160 |
1 & 12 + 60,00 1382, 70 ]
! 90. 00 9% rop 8.5 235 0013 0. 00160 |
I3 13 + 50.00 : 1383, 00 }
i 500, 00 9% rop 9,50 235 0.013 0. 00160 |
4 18 + 50,00 1384, 00 !
! 230, 00 % rop 8.50 2% 0.013 0. 00160 |
] 21 + 40,00 1384,70 }
] 203,00 rop 5.50 235 0,013 0. 00160 |
I 8 23 + 45,00 1383, 30 i
j . 255, 00 807 rop 6.50 79 0,013 0. 00080 |
I 7 28 + 00.00 1388, 30 }
i 253, 54 60  rop 6. 50 7% 003 0, 00080 |
i 8 28 + 53.54 1387, 40 i
} ' 83. 60 &80 rop 6. 50 7 0,013 0. 00409 |
b9 29 + 33,14 0.50 1387.%0 {
| SN }
] ]
} |
{Ke = Entrance + Exit Loss Coeficients ]
] !
| }
» ) LRSI Q-
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9th Street Major Storwm Trunk Sewer EK3037

Bell Road to Basin New © 7/2/91

57-887233 BJF

Table No. 2. Hydraulic Profile Design Calculation

1Point v hv he 5 hi H EGL EGL HGL Ha |
| i
{ No. (Fps) {Ft} (Ft) (FL/Ft)  (Ft) {(Ft) {Elev) {(Elev) ({(Elev) ({Elev) |
| |
] }
] i
! }
| !
1 1382.36 1382,36 1381,83 1381.83 |
| . 87 0.53 0. 00105 0.01 0.01 l
b2 1382.37 1382.37 1381.83 1381.83 |
! 5.87 0.53 0. 00105 0.09 0.03 ]
I 3 1382.46 13B2.46 1381.92 1381.92 |
i 5.87 0,53 ©0,00105 0.52 0.52 }
i 4 : 1382.38 1382.98 13B2.45 1382.45 |
! 5.87 0.53 0. 00105 0.30 0. 30 !
yo5 1383.29 1383.29 138275 1382.75 |
! 5.87 0.53 0. 00105 0.21 0,28 }
I 1383.50 1383.50 1382.97 1383.25 |
! 4,02 0.25 0. 00032 0. 23 0.23 }
b7 1383.73 1383.73 1383.48 1383.48 |
! 4,02 0,25 0, 60032 0,23 0.23 }
i 8 1383.97 1383.97 1383.72 1383.72 |
! 4,02 0,25 0. 00092 0.08 0.08 |
I3 1384.05 1384.05 1383.80 1384.05 |
! !
| }
| Friction Slope, 5f = 4,66 ¢ r2 # @ & {{d/} )*{16/3)) i
I Velerity, v = 0/ (nid/12)2/4) }
I Velorcity Head, hv = viiZp |
| Pipe Loss, hl = 5f * ] 1

P
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9th Street Major Storu Trurk Sewer

Bell Boad to Basin No. S
§T-887273
Table Ne, 3, Pipe Design Data.

EK3037
7/2/9%
BJF

}
!
|
|
!
I
|
{
|
!
!
!
}
i
!
|
!
}
!
f
i
|
|
|
!
!
!

!

|
i

Point Pipe Crown  Outlet Inlet Top of Pipe  FG-HGL HBEL-Crown!
Slope Irvert Irvert  Pipe Cover
No. (Ft/Ft) (Elev) ({Elev} (Elevl} (Elev) (Ft} {Ft} {Ft}

1 1373.50 1374.23 8.41 90,87 8.33
0. 00150 1365.50 1365, 51

2 1373.51 1374.30 8.40 0.87 8.32
0. 00160 1365.51 1365.65

3 1373.65 1374, 44 8.% 1.08 8.27
0, 00160 1365.65 1366.45

4 1374, 45 1375.24 8.76 1,55 8.00
0. 00160 1366, 45 1366,92

] 1374, 92 1373, 74 8.93 1,95 7.83
0. 00150 1366.92 1367.24

6 1375.24 - 1375.73 9,51 2.33 8.00
0, 00080 1370,24 1370.45

7 1375.45 1375.93 10.31 2.82 8.04%
0. 00080 1370,45  1370.65

8 1375, 65 1376.19  1L21 3.68 8.07
0. 00409 1370.65 1371.00

g 1376, 00 1376,00 11,50 3.70 8.0%

{1) Starting invert elevation = 13b65.50 taken from
{City of Phoerdx Project P-860981

!
}
!
!
|
|
i
!
!
}
!
|
}
|
|
!
}
i
|
|
{
|
!
i
}
!
!
|
}




ELEVATION

HYDRAULIC PROFILE

BELL ROAD TO BASIN NQ. 5

1390
Existing e
1385- y - ?ETEMM*““M o EGL
e == Ny
T N
1380+ HGL
- Crown
1375 - ¥
Invert "’g@ &
1370+ y
RapEray
13651 O Sew ’L‘“@MZ
1360 . . |
1250 1750 2250 2750

STATIONS (FEET)

3250
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Ke = Entrance + Exit Loss Copfficients

9th Street Major Storw Trurk Sewer EK3097
Basin No, & to Basin No. 2 7/17/31
ST-887233 BIF
Table No. §. Site Data

} Point lergth  Pipe  Type of Pipe F{ou} / Pipe Finished FPipe |
! Station Diameter Thickrese |\ / Ke Brade  Slope |
I New (Ft) {In} Pipe {In) N-Value {Elev} = (Fi/Ft) |
! i
istarting EGL = 1386. 00 i
iStarting HGL = 1386. 00 }
IStarting Invert Elev. = 1371.00 i
] ]
I 28 + £69.86 1,00 1387.80 !
| 85.60 108 rop 10,00 B3 0.013 0.00100 |
P2 29 + 55.46 1367. 80 |
! B3. 44 108 rop 10.00 B3 0.043 0. 00300 |
i3 30 + 44,90 1388, 20 |
} 5. 10 108 rop 10.00 B3 0,013 0. 00100 |
I8 31+ 00,00 1388.50 i
J 521,00 108 rop 10.00 B3 0.043 0. 00100 |
I 5 36 + 21,00 1381, 20 |
I 44,00 108 rop 10,00 63  0.013 0. 00100 |
I 36 + 65,00 1391, 50 !
! 35,00 108 rep 10,00 836 0,013 0. 00100 |
b7 37 + 00,00 1391.69 I
{ 50. 00 108 rop 10,00 6836  0.013 0. 00100 |
I B 37 +50.00 & 139, %0 ;
| 250, 00 84 rop B.75 456 0.013 0. 00600 |
13 40 + 00.00 1393.00 }
] 300,00 84 rop 8.75 456 0,013 0. 00600 |
i1 43 + 00,00 1394, 70 |
! 200, 00 84 rop 8.75 436 0.013 0. 00600 1
D 3 45 + 00,00 1395.54 i
| 200, 00 B4 rop 8.75 456 0,013 0. 00500 |
bR 47 + 00.00 1396. 38 !
| 300. 00 84  rop 8.75 %56 0,013 0. 00600 |
I 13 50 + 00.00 ' 2g, 1397.86 j
I 10. 00 72 rop 7.75 33 0,013 0. 00350 |
I 14 50 + 10,00 1397.87 !
[ 360, 00 72 rep 7.75 336 0.013 L 0.00330 |
J 15 53+ 70,00 1393. % j
{ 230.00 72 rop 7.75 3% 0.013 0. 00330 |
I 16 56 + 00,00 1400.98 i
| 200. (0 72 rop 1.75 3% 0.013 0. 00330 |
I 17 58 + 00.00 1402, 66 !
j 161.60 72 rep 1.75 336 0.013 0, 00330 |
I 18 59 + 61,60 1,00 1403.93 |
} 37.22 72 rep 1.75 3% 0.013 0. 02610 |
| 19 53 + 98.82 . 1406.00 !
] 72,78 72 rep 1,75 @ 0.013 0.02610 |
bo20 60 + 71,60 i 0.50 1406.00 ]
| !
! !
! !
! |
| }
! |
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Friction Slope, Sf = 4,66 # n2 # @ 3 ({d/1 }*{16/3))

Velocity, v = 8 / {(nid/12)2/4)

Velocity Head, hv = v232g

9th Street Major Storm Trunk Sewer EK3037

Basin! No. 5 to Basin Now 2 7/17/34
ST-887233 BJF

Table Noo 2. Hydraulic Prefile Design Calculatiom :

1Poirt v hv he 5 hi H EGL EGL HBL HBL

|

! Neo  (Fps) {Ft) {F4) (Ft/Fty  (FD) {Ft) (Elev) (Elev) (Elev} {Elev)
!

i

}

|

!

b 1.55 1386.00 1387.55 1386,00 1386.00
! 10,00 1.55 0. 00253 0,22 0.22

b2 1387.77 1387.77 1386.22 13BA.22
! 10,00 1,55 0. 00253 0.23 0.23

I3 1388.08 1388.01 13B5.45 13BA.45
| 10, 00 1.55 €. 00259 0. 14 0, 14

I 4 1388.45 1388, {5 (385,60 13B5.60
I 10, 00 1.55 0. 00259 1,35 1.35

I & 1383,50 1383.50 13B87.95 1387.95
! 10,00 1.55 0, 00259 0.4 0. 11

- 1383.61 1389,61 1388.06 1388.06
} 10,00 1.55 0. 00253 0,09 0,09

b7 1389.70 1389.70 13B8.15 13BB.15
} 10,00 1.55 ¢, 00259 0.13 0.13 4

I 8 1383.83 1383.83 1388.28 1387.65
| 11,85 2. 18 0. 00303 1.27 1.27

I 9 £391. 11 1391.11 1388,93 1388.93
| 11,85 2.18 ¢, 00503 1.53 1,83

I 10 1332.64 1382.64 1390.46 1390.46
! 11,85 2.18 0. 00503 1,02 1,02

iU 1393,65 1393.65 1391.47 1351.47
! 11.85 2.18 0. 00505 1,02 1.02

12 1394,67 1394,67 1392.49 1392.49
| 11,85 2.18 0. 00503 1.83 1.53

! 13 1396.20 139%.20 1394.02 1394.01
| 11,88 2.19 0. 00629 0.06 0.0

I 14 1395.26 1336.26 1394.07 13%94.07
| 11.88 219 . 00623 2.27 2,27

|15 1398.53 1398.53 1396.34 1396.34
] 11.88 2. 19 0. 00623 1,45 145

HI () : 1393,98 1399.98 1397.78 1337.78
! 11.88 2.19 €, 00623 1.26 .2

b17 1401.24 1401.24 1399.04 1399.04
| 11.88 2.19 0. 00623 1.02 3.21

i 18 2.19 1502.25 1404.45 1400.06 1402.25
| 11.88 2.19 0. 00623 0.23 0.23

19 . 1604,68 1404.68 1402.49 1402.49
] 11,88 2,19 0. 00629 0,46 0. 46

i 20 1405, 14 1405,14 1402.94 1405, 14
i

I

i

J

|

!

Pipe Loss, hl = §F ¥ 1
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Bth Street Major Storm Trunk Sewer EK3037
Basin Neo S te Basin Ne. 2 1717781
57-88/293 BJF
Table Ne. 3. Pipe Decign Data.

IPoirt Pipe Crown Outlet Intet Top of Pipe  F6-HSL HBL-Croen!
} Slope Invert  Invert Fipe Cover

I Neo (Ft/Ft) {Elev) (Elev) (Elev) (Elev) {Ft) {Ft) {Ft)

|

]

i

I

|

LI 1380, 00 1380.83 6.97 1.80 6.00
| 0. 00100 1371.00 1371,03

P2 1380.03 1380,92 6.88 1.58 6. {4
! 0. 00100 1374.03 1371.18

b3 - 1380, 18 1381.04 7.19 1,75 6.28
| 0. 00100 1371.18 1371.23

I 4 1380, 23 1381.06 7.44 1.9 6. 37
! 0. 00100 1371.23 137175

I & 1380, 75 1381.58 9.62 3.25 7.20
] 0, 00100 1371, 75 1371.80

I b 1380, 80 1381.63 9.87 3. 44 7.27
| 0. 00100 1374, 80 1371.83

b7 1380.83 1381.66  10.03 3.54 7.32
| 0. 00100 1371.83 1371.88

I 8 1380.88 1381.6¢  10.23 3.62 6.77
| 0, 00600 1373.88 1375.38

I 9 1382, 38 1383. 411 9.89 4,07 6.55
| 0. 00600 1375, 38 1377.18

I 10 1384.18 1384, 91 9.7% 4.24 .28
| {0, 00600 1377.18 $378.38

P 1 1385. 38 1386, 14 9.43 4.07 6.03
! 0, (0600 1378.38 1379.58

I 12 1386.58 1367. 31 9.07 3.89 5.94
| 0. 00500 1379,58 1381.38

1 13 1388, 38 1389.03 . 8.83 3. 84 .63
! 0, 00330 1382.38 1382.42

14 1388. 42 1389, 06 8.81 3.80 S5.65
i 0. 003%0 1382.42 1383,82

{13 1389,82 1330, 47 9.43 3.56 6,51
| 0. 00330 1383.82 1384.72

I 18 1330, 72 1391.37 9,61 3.20 7.06
I 0. (0390 1384.72 1385.50

b1 1391.50 1332.15 10,91 3.62 7.54
! 0. 00330 1385.50 1386.13

I 18 1392,13 1392.78 11,15 3.87 10.12
! 0, 02610 1386.13 1387.10

I 19 1393. 10 1333.75  12.25 3.51 9.38
] 0. 02610 1387.10 1383, 00

P20 1395. 00 1395.65  10.35 3.06 10.14
|

}

1{1) Starting invert elevation = 1372.00 taken from Detertion

IBasin Nuv. 5, City of Phoenix No. 5T-B96837

|
!

!
!
}
}
}
}
|
}
I
i
|
}
]
i
}
|
!
i
}
!
!
}
!
}
}
]
}
}
}
}
}
|
!
}
!
i
}
|
|
j
|
|
|
]
}
}
|
]
I
I
i




HYDRAULIC PROFILE
BASIN NO.5 TO BASIN NO.2

1410
1405+ HGL
/
1400- yEeL/ /’/4
/Zf///

1395 / Grouy/’f — ]
A & . Sl //

Z
e = .
= . — —
g 1390" . M/Ié’:,.-—mx// ~ //"‘/C?gvn /.'
L L/‘____,._‘-w-"“"""f - S
o 13851 _— g ]
//’
1380+ T 7 ™ Jnvert
/ o
13757 T
S
1370 —

5500 3000 3500 4000 4500 5000 5500 6000 6500
STATIONS (FEET)
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summary Table No.o 1:  Drainage Area Data

"F‘-:uint Subarea Zoning Area Al
: Niz. N, Factor CAc . CAC. )
l’"’”?""" = 0.57
Total *—~ST;;~"
‘ 2 1 iy 10,02 £.01
| Tatal .01
I = 1 B 10 &.00
| Tatal  €.00
l 4 1 = 10,91 €.55
) Tatal  6.55
5 1 . € 10,035 6. 03
| Total 6.0
o & 1 25 .59 1.65
| Tetal 1,65
' 7 1 25 8.520001 2,13
Total  z.1@
;
' e 1 .7 . 87 0.6l
Tatal 0.6
. E] 1 .7 1. 04 0.73
: Tatal  0.73
l 10 1 65 « 64 Q.2
. Total ‘M—;.-')-."'-:E*N
11 1 65 3.7 2.4
(| Total  2.41
N 12 1 o 75 209 1.57
| e i
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Summary Table No.2. Time of Concentration and REunoff Data

},.. _________________________________________________________
'} Faoint Ava. Max. Te Inlet Q
N, G Dist. I

' 1 0.0104 450 2.5 2,40 1.13
. 0. 0073 1500 9.5 2. 40 11.90
.
Is a 0. 0072 1500 9.6 2,40 11.88
y 4 €, QO 1500 10.0 2.0 12,96
l 5 0. 0062 1550 10.5 2.37 11.76
l} & 0. 0053 1450 10, 4 2.37 2.2z
5 0. 006G 2760 4.8 1.52 2, 54
'; g 0. 0028 1300 10,5 2. 26 1.18

= Q. 0050 2800

i‘ 10 0. 0042 400
'} 11 0. 00 800

12 0, 0021 HO0

« 8 2.40 1,44

o

Sl 2.40 0.82
9.3 2.0 4.7&

2.40 2.10

[¥x]
.
fary

l-»...J —_w..‘, __..._ -



Summary Table No. 3. Upstream Gutter Flow Data

B Foint Slope 8x Flow~Ry Tatal @ Depth Spread Velocity
N (Ft/Ft) (Ft/Ft) (c.f.s. tc.fos.d (Feet? (Feet) (f.p.s.2

1 0. 0080 0, 0303 0. 00 1.13 0.14 9.13 1.73
ey 0. 0055 0.0313 Q.00 11.30 0.36 23,25 2.82
3 0. 0055 0. 0256 0.45 2. 33 0. 34 26.66 2.71
4 0. 0040 0. 0200 1.23 14.19 Q.35 34.87 2.33
0. 00355 O 0222 e 5 14,16 0.34 30.69 2.71
0. 0049 0. 0196 2.47 S5.69 O, 2. 24,12 Z.00
7 0.0173 0. 0269 0. 00 .54 O.20 7.48 3.37
g 0.0140 O.0146 0. 00 i.18 .13 8.97 2.2
e 0. 0064 0.0213 1.25 2.69 0.18 16.46 1.87
10 0. 00332 0.0263 0. 00 0.82 0.13 .99 1.26
11 0.0026 Q. 0E94 Q.00 4. 76 0,29 19.65 1.8

12 0.0015 0.0303 0.00 3.10 0.2 18. =24 1.23

ot U

. . - ..

8
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| Point Sump Inlet Capacity Flow-By T Inlet
I\ ¢ Feet 2 Type (cofos.) (cofosa N
y ) — 7/ 7/
Py 0. 00 SLOTTED DRAIN
1.13 0. 00 o
;
a
l = 0,00 SLOTTED DRAIN
11,45 045 3
-
Ii 3 0. 00 SL.OTTED DREAIN
11.10 .23 &)
lf E] 0. 00 SILLOTTED DRAIN
11.78 2.41 5
; = Q.00 SLOTTED DEAIN
4 11.69 2.47 &
; & Q.00 SLOTTED DEAIN
' S5.47 0,23 o
.7 0. 00 MY —F- 1589 =10
'i 1.75 0.80 5
g Q.00 MY -1 SEF =10
lﬁ 0. 96 0,23 3
. 0.00 SL.OTTED DREAIN
269 0, 00 10
i
l' 10 O, Q0 SLOTTED DREAIN
; 0. 82 Q.00 i1
I 11 0. Q0 SLOTTED DEAIN
4.76 0. 00 iz
lx 1z 0.00 SLOTTED DRAIN
3. 10 Q.00 Q



Type Of Inlet: SLOTTED DEAIN
Inlet Condition: On-grade
Flnw Cendition: Weir flow
Turb Operning Capacity:

fa = Approaach Flow

Approach Depth

Approach Spread

1.13 c.fusu
0.14 feet
3,13 feet

La = Length for Total Capture 16.76 feet
Lu = Upstream Opening 40,00 feet
D o= Cloaging Factor .80

32.00 feet
A100,00 %
1 . 1 3 o f » S

L = Cc % Lu
0/0a = Inlet Efficiency
@ = Capacity
g = Flow-by To Grate
= QGa — @
Grate not required
Tutal Inlet Capacity: .

[I A I (I

|_

it

0.00 c.f.s.

'?““ZJ?;'(S;;;IE;“C;;;City = 1,18 c.fes.

Grated Inlet Capacity = 0,00 c.f.s.

' Total Inlet Capacity = —"1——;5“:—;-5
'Flmw~By Too Podint Noo 20

| T ——— 1.18 c.fos.

noi

Total Capacity 0Of Inlet

.00 c.f.S.

L]

Flow-Ry

7




';F'a:- int number:
iLocaticon:

—

l; ¢ Drainage Area
 ecs 00s caves evoss sante st btnes mart emate emser Phere shume fetms Fdd mies DRSS BMes P04 NSO PSS 00D Be0Ss Rartt Smyen arves Satrs’ “aeess So4bu SRORS HbIob 004D GH0SE SI0E) MLEH GREMH LS FO04s Beted N SLARL HSLC SALED Botee Sebct WSk MsOr Se0ee SS00S Aevet
j Subarea Zoning Area Zoning Al
. N Type CAc. ) Facteor CAC. )
li 1 F-3 10. 02 .6 6. 01
I‘ Tatal €. 01
IiAppr-:nan:h Flow to Point Noo 2 0
j Avg. @ = 3 c.f.s.
Avag. Slope = L,0073 Ft./Ft.
l; Ava. Velocity = 2,63 f.p.s.
: Stream Length = 1300 feet
Time Of Concentraticon = 9,81 min.
! Intensity = 2.40 In./Hr.
L . -
l Impervious Area = .01 acres
" Flow From Drainage Area = 11.90
. Flow=by From Upstream Inlets = Q.00
'; Approach Flow = 11,30

Approach Depth & Spread To Foint No.
V-Ditch
Approach Flow
Ditech Slope
Side Slope(Z:1>
Approach Depth
Spread

S, 000,

0.36

e D
Jraagi PRI R

huhnh

el

l!__.

11-90 C-qul
0.00550 Ft./Ft.

feat
feet

c.f.s.
c.f.s.



3

Type Of Inlet: SLOTTED DRAIN
Inlet Eanqitian: On—arade
Flow Conditian: Weir flaow
Turb Opening Capacity:

fla = Approach Flow
Approach Depth
Approach Spread
La
Lu Upstream Opening
oz Clogoing Factor
L= Lo ¥ Lu
Q/0a = Inlet Efficiency
g = Capacity ,
Bg = Flow-by To Grate
= @a - &
iGrated Inlet Capacity:
V-Ditch
g = Approach Flow
Approach Depth

‘ T = Apprcocach Spread

I

Eo 1-Cl1—CWg/Ts™2.67
Caq Clogging Factor
@ = Capatcity = Qg x Cg % Eno

L}

Curb Opening Capacity
' Grated Inlet Capacity

Total Inlet Capacity

Approach Flow To Inlet
Total Capacity 0f Inlet

Flow—RBy

lLength for Total Capture

L2 | | D O { O

H] ] I N I | B | I

#Hon

11.90

0.3

e
PG PRy

39.89
40, Q0

0. 80
32.00
94.78
11.28

0.62

0,62
0.1z
7.68
0.55
0. 50

0.17

11.45

c.f.s.
feet
feet
feet
feet

feet
7

c.f.s.

c.f.s.
feet
feet

/6



'F's:'int number: 3
Location:s STa. 50410

SO
! subarea Zoning Area Zoning Al
N, Type CAc. D Factor (AT
l 1 -3 10 .6 E&. 00
' Total €. OO0
A

onaen s Sees 08 P e b feaet FeSed e BHFRL TP SaOP B o0t Shent $403 e $SFHL Sotme Peses Sbest S00et Seres Sased SBres Sanes Soses F00se ey

Avg. @ = 3 c.f.s.
Avg. Slope = L0072 Ft./Ft.
'l Avag. Velocity = Z.61 f.p.s.
Stream Length = 1500 feet
Time Of Concentration = F.856 min.
. Intensity = Z.40 In./Hr.
.* Impervious Area = £.00 acres
g Flow From Drainage Area = 11.88
Flow—by From Upstream Inlets = 0,45
i; Approach Flow = 12.33 «
l!épprc-ach Depth & Spread To FPoint No.o: 3
) V-Ditch
ll Approach Flow = 12.33 c.f.s.
- Ditch Slope = 0,00550 Ft./Ft.
Side Sloape(Z:1) = 39.000
; Approach Depth = 0.34 feet
'E Spread = Z6.66 feet



Type Of Inlet: GLOTTED DRAIN
;Inlet Condgitian: On-grade
Flow Condition: Weir flow

Turb Opening Capacitys:

lf Ga = Approach Flow
, Approach Depth

Approach Spread
La =
Lu = Upstream Opening
Coc = Clogging Factor

. L = Lo % Lu
l Q/0a = Inlet Efficiency
} @ = Capacity
Qg = Flow-by To Grate

.g = 0a - @
iGrated Inlet Capacity:

y: V-Diteoh
l g = Approach Flow
o Approach Depth
N T = Approach Spread
' Eo = 1-C1-CWa/T) 2. 67
; Cg = Clogging Factor

G = Capacity = Gg % Cg x Eo
l?Tc-ta]. Inlet Capacity:
e e e e e e e o e e e e e e
Curb Opening Capacity
|¥ Grated Inlet Capacity

}

Total Inlet Capacity
‘Fl-:rw—By Te Foint No.o 4 :

Approach Flow To Inlet
l; Total Capacity 0f Inlet

l}

F1ow-Ry

Length for Total Capture

Bnon iy

i

i I onounnoni

2.33 c.fues.
0.34 feet
26.66 feet
47.12 feet
40,00 feet
Q.80

32.00 feet
87.71 %
10.81 c.f.s.

1.2 c.fus.

1.592 c.f.s.
0.16 feet
12.14 feet

D29 cofus.




i
:
H
H

|
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Foint number: 4

'QL«:--: aticn: 5TA. 47400

Drainage Area

smsen mete pr meas Babie Woret ML SOer Bmeen HOS Wess FRAer SYBHE SeORt HIMNE BePl BOIO BN PRSEs FONST Bered BEFSY BMSOE KHFTS AR A BeSts Bherd $004s BONN Brees ekt #9000 Feee Fee) ued Sabm BN POPIS DM DRSSt PuLen $0400 PReSE FeRer Bebed Mt WWaet

Subarea Zoning Area Zoning Ai
N, Type AT Factor (AT
1 -3 10.91 .6 .59
Tetal €.95

Ava. @

Ava. Slope

Avg. Velocity

Stream Length

Time Of Concentration
Intensity

Impervious Area

Flow From Drainage Area
Flow-by From Upstream Inlets

Approach Flow

Approach Depth % Spread To Point
V-Ditch
Approach Flow
Ditch Slope
Side Slope(Z: 1)
Approach Depth
Spread

1

I I I

= 3 c.f.s.

= L0064 Ft./Ft.

= 2,30 f.p.s.

= 1500 feet

= 9.99 min.

= 2,40 In./Hr.

= G.55 acres,
= 12,96 c.f.s.
= 1.23 c.f.s.
= 14,19 c.f.s.

Now s 4

4,19 c.fus.

0.00338 Ft./Ft.
50. Q00

0.35 feet

24.87 feet



Type Of Inlet: SLOTTED DREAIN
Inlet Condition: On—grade
Flow Condition: Weir flow
Curb Opening Capacity:

Ra = Appraach Flow

14,19 c.f.s.

Approach Depth = 0,35 feet
Approach Spread = 34.87 feet
La = Length for Total Capture = 54.83 feet
Lu = Upstream Opening = 40,00 feet
Co o= Clogaing Factor = 0,80 :
L = 0 % Lu = 3&.00 feet
l} Q/80a = +sInlet Efficiency = 80,51 %
2 = Capacity = 11.42 c.f.s.
Gg = Flow-by To Grate
= Qa ~ @ = 2.76 c.f.s.
l!l‘;irated Inlet Capacity:
- V-Ditch
'g g = Approach Flow = 2.76 c.f.=.
b Appraach Depth = 0.19 feet
. T = Approcach Spread = 18.88 feet
'f Eo = 1=-(1—-(Wg/Tr"2.67 = Q.26
i Cg = Clogaing Factor =  0.50
) = Capacity = Bg % g x Eo = 0,36 c.f.s.

liT':'tal Inlet Capacity:

Curb Opening Capacity = 11.42 c.f.s.
} Grated Inlet Capacity = 0.36 c.f.s.
l Total Inlet Capacity = 11.78 c.f.s.

Approach Flow To Inlet
Total Capacity 0Of Inlet 11.78 «.

F1ow—-By 2.4l oL f.s.

e oY et et e



lF‘-:-int number: 5
Lacation: STA. 43+00

Drainage Area

e e e e e e e e e e
 Qubarea Zoning Area Zoning Al
Nei. Type CAc.) Factor CAc.)
., 1 R 10,05 6 6.03
. Total 6&.03

'Appr-:naa:h Flow to Foint Noo 5o

Avg. G = 3 c.f.s.
Avg. Slaope = L0062 Ft./Ft.
" Avg. Velocity = 2.47 f.p.s.
y Stream Lenagth = 1580 feet
Time Of Concentration = 10.45 min.
Intensity =  2.37 In./Hr.
. Impervicus Area = (.03 acres
Flow From Drainage Area = 11.76 c.f.s.
Flow-by From Upstream Inlets = Z.41 c.f.s.
' Approach Flow = 14,16 . f.s.

4]

Approach Depth & Spread To Foint Noos
V-Ditch
Approach Flow
Ditch Slope
Side Slape(Z:1)
Approach Depth
Spread

14,16 c.f.s.
0.00852 Ft./Ft.
45, Q00

0.34 feet
30.69 feet

HIE I

- — - -. “«



Type 0f Inlet: SLOTTED DRAIN
dnlet Condition: On—gr ade
Flow Condition: Weir flow

i . - .
Turbh Opening Capacity:

fa = Approach Flow
Approach Depth
Approach Spread

Lu Upstream Opening

0 Clogaging Factor
L= Cc x Lu

.j 0/0a = Inlet Efficiency
& = Capacity

Qg = Flow-by To Grate

[

1 Qa -~ @
Hrated Inlet Capacity:
: V-Ditch

. Qo = Approach Flow

Approach Depth
, T = Approach Spread
: Eo = 1-(1~(Wa/T)™2.67
"5 g = Clogaging Factor
@ = Capacity = 8g x Cg »x Eo
'}T-:'tal Inlet Capacity:

Curb Opening Capacity
Grated Inlet Capacity

.z Total Inlet Capacity

Flow—Ry To Foint Noo 6 @
Approach Flow To Inlet
Total Capacity Of Inlet

rdamane ek

Flow-Ry

[romemves RN

La = Length for Total Capture

] I I L L ¢

HIE I I B I

L

14.16
0. 3¢
30.69
559.89
40,00
Q.80
32.00
73.63
11.2

.89

2.89
0.19
16.90
Q0.2
0.50
O.41

11.28
O.41

cofas.
feet
feet
feet
feet

feet
A
CafTosa

cwfus.

[P N



l;F‘«:-int number : &
Leocations STA. 27400

) _ Drainage Area

v e e o s o i S 1t 1 5 12 s T Bt o 7
i

" Bubarea Zoning Area Zuning Al
N Type CAc, Faotor CAC. )
. 1 F1-—-8 E.59 .25 1.65
l Tatal 1.65

‘Approach Flow to Point No.o 6 &
{

Avag. O = 3 c.f.s.
Avg. Slope = L0052 Ft./Ft.

.2 Avg. Velocity = 2.33 f.p.s.

i Stream Length = 1450 feet

Time Of Concentration = 10.37 min.
Intensity = 2,27 In./Hr.
Impervious Area = 1.63 acres
Flow From Drainage Area = 2.22 o.f.s.
Flow-by From Upstream Inlets = 2.47 c.f.s.

Approach Flow

Approach Depth &% Spread To Point No.o: &
V-Ditch
Approach Flow
Ditch Slope
Side SlopecZ:l1)
Approach Depth
Spread

5.69 c.f.s.
0.00489 Ft./Ft.
51,000

O.24 feet
24,12 feet

o

25



i
l i

Type Of Inlet: SLOTTED DREAIN
Inlet Condition: On-grade
Flow Condition: Weir flow
Turb Opening Capacity:
H.69 c.f.s.
0O.24 feet
24.12 feet
40,14 feet
40,00 feet
0. 80
32.00 feet
94.54 %

5.238 c.f.s.

fla = Approach Flow

Approach Depth

Approach Spread

La = Length for Total Capture
Lu = Upstream Opening

Co o= Clogging Factor

L o= Cc « Lu

G/8a = Inlet Efficiency

@ = Capacity

g = Flow-by To Grate

' = Ba ~ B = 0.231 c.f.s.

I I N B O | I { I 1

Grated Inlet Capacity:
3 V-Ditch
£ g = Approach Flaow

0.31 cuofues.

Approach Depth = 0,08 feet

T = Apprcocach Spread = 8.11 feet

Eo = 1-¢1—(Wg/Ta™2.67 = 0.53

g = Clogging Factor = 0,50

Q = Capacity = (g x Cg x Eo = 0.08 c.f.s.
'T«:utal Inlet Capacity:

Curb Opening Capacity = 5.38 c.f.s.
' Grated Inlet Capacity = 0,08 c.f.s.

Total Inlet Capacity = H.47 c.f.s.
.}frl.:-w-«}gy Te Peint New 9 s

Approach Flow To Inlet = B.6Y c.f.s.

Total Capacity Of Inlet = 5.47 c.f.s.

Flow—-Ry = 0,233 c.f.e.




t‘a:uint number s 7
Location: STA. 3I6+65 45 RT
Ny Drainage Area
Subarea Zoning Area Zoning Al
N, Type CAc. ) Factor CAC . I
' 1 r1--8 8.520001 .25 2.13
. Tetal 2.13
fpprc-ach Flow to Point Noo 7 03
Avag. & = 3 c.f.s.
Avg. Slope = L0066 Ft./Ft.
Ava. Velooity = 2.93 f.p.s.
Stvyeam Length = 3760 feet
Time Of Concentration = 24.77 min.
Intensity = 1.83 In./Hr.
Impervious Area = 2.13 acres

o= W Us =

ppr

Flow From Drainage Area
Flow-by From Upstream Inlets

Approach Flow

wach Depth % Spread To Foint
Curb & Gutter
Approach Flow

Gutter Slope

Crose Slope

Approaach Depth
Spread

owon o

= 2.054
= O, 00
= 2,54

No. : 7

2.9 c.f.s.

0.01720 Ft./Ft.
0.027 Ft./Ft.

0,20 feet
7.48 feet

c.f.s.

Cefase

c. fos.

A



Type O0f Inlet: 'TM'—-F-1569°'L=10
Inlet Conditicn: On-grade
Flow Condition: Weir flow
Curb Opening Capacity:
lg Ba = Approach Flow
§ Approach Depth
Approach Spread

Lu = Upstream Opening
Coo= Clogging Factor
L= Qo x Lu

l] C/0a = Inlet Efficiency
@ = Capacity
Qg = Flow-by To Grate

1 = Ga - @
Grated Inlet Capacity:

l; La = Length for Total Capture

Qg = Approach Flow

Approach Depth

T = Apprcach Spread

Eo = 1-(1-CWg/TH)"2.67

g = Clogoing Factor

& = Capacity = Qg »x Cg x Eo
l]T-:ltal Inlet Capacity:

.E. Curb & Gutter

!,WI

Curb Opening Capacity
Grated Inlet Capacity

Total Inlet Capacity

iFlmw“By Too Point Noo 9
Approach Flow To Inlet
Total Capacity 0Ff Inlet

g«i g

Flow—Ry

-.‘ - -U.A ‘,.__‘. _“_ _m._

I I I B I 1 O

LI

noH

i

2.54
0.20
7.48
18.87
12,00
0.80
10.40
68.71
1.75

0. 80

0.80
0.13
4,84
Q.00
1.00
0. 00

1.75

0,00 =

0.80

c.fos.
feet
feet
feet
feet

feet

%
c.fos.

c.fas,
feet
feat

26



l Point number: 8 4
ocation: 8TA. 36+21 45'RT
l~ Drainage Area
Subarea Zoning Area Zoning Al
N, Type CAc . ) Factor CAC.?
l 1 F—-d4A .87 .7 0.61
l Total 0.61

Approach Flow to Foint Neoo 8 3

mes amees ovves boies orose sonse et SHISD SatE Sests BV SHONE Greee LS MBete Mo et oo Rasve Soree eves Besed Smabd $04ed noss Seves PORY Soens Sebes oot

Amrernasiiottd

Avg. & = 3 c.f.s.
Avag. Slope = L0038 Ft./Ft.
1 Avg. Velocity = 2,06 f.p.s.
| Stream Length = 1300 feet
Time Of Concentration = 10.53 min.
Intensity = 2.36 In./Hr.
Impervious Area = 0,61 acres
Flow From Drainage Area = 1.18 c.f.5.
Flow=by From Upstream Inlets = Q.00 z.f.s

1.18 c.fes.

i

Approach Flow

Apprcocach Depth % Spread To Foint No.o: 8
Curb & Gutter
Approach Flow
Gutter Slope
Cross Slope
Approach Depth
Spread

1.18 c.f.s.
0.01400 Ft./Ft.
0.015 Ft./Ft.

0.12 feet

8.57 feet

i

(L I I

wn

27



T\pe Of Inlet: TM? ~P—-1569 .=10
Inlo Condition:  On-grade
1w lund1t1nn Weir flow
Curb Opening Capacity:
lf fla = Approach Flow
i Approach Depth
Approach Spread

1.18 c.fus.
0.13 feet
8.57 feet

l La = Length for Total Capture = 14.25 feet
Lu = Upstream Opening = 13.00 feet
Ze o= Clogaing Factor =  0.80
: L = Co x Lu = 10.40 feet
'; Q/0a = Inlet Efficiency = 80,81 %

& = Capacity 0.96 c.f.s.

Qg = Flow-by To Grate

i

l} = Qa - O 0,28 c.f.s.
IGrated Inlet Capacity:
5 Curb & Gutter
t Gg = Approach Flow
Approcach Depth

0.2 c.fus.
.07 feet

. T = Approach Spread .61 feet
' Eom = 1-(1-C(Wg/Tr"2.67 0.00
‘ Cg = Cleogging Factor 1.00

I I O B | 1

& = Capacity = @g x £g % Eo 0.00 c.f.s.

0.96 c.f.s.
0.00 . f.os.

Curb Opening Capacity
W Grated Inlet Capacity

i

Total Inlet Capacity 0.96 c.f.s.

Approach Flow To Inlet
Total Capacity Of Inlet

noH
[}
.
}

Flow—-Ry

- - -“ - -<~ - . - - -_.4 -.- .v



l Foint number )

Location: BO+50
ls _ ' Drainage Area .
Y Subarea Zoning Area Zoning Al
Ner Type CAC. Factor (AC.?
I redp  l.04 .7 0.73

liﬁpprn:-a-:h Flow to Point No.o 9 @
i —————————————————————————————— .
Avg. & 2 ec.f.s.

Avg. Slope = 005 Ft./Ft.
Ig Avg. Velocity = .28 f.p.s.
§ Stream Lenagth = 800 feet
Time Of Concentration = 5.8% min.
2 Intensity = 2.40 In./Hr.
.% Impervious Area = Q.73 acres
’ Flow From Drainage Area = 1.494 c.f.s.
E Flow-by From Upstream Inlets = 1.285 c.f.s.
Ii Approach Flow = 2,69 c.f.s.

l{épprclan:h Depth % Spread To Foint No.: 9
V-Ditch
Approach Flow
Ditch Slope
Side Bloped(Z:1)
Appraoach Depth
Spread

2.69 c.fus.
0.00640 Ft./Ft.
47 . 000

0.18 feet
16.46 feet

. . R .
I O O




Type O0f Inlet: SLOTTED DREAIN
Inlet Condition: On-grade
Flow Condition: Weir flow
Curb Opening Capacity:

l Qa = Approach Flow = Z.69 c.f.s.
Approach Depth = 0,18 feet
Approach Spread = 1€6.46 feet
. La = Length for Total Capture = 29.73 feet
‘ Lu = Upstream Opening = 40,00 feet
Lo o= Clogding Factor = 0.80
] L = o % Lu = 32,00 feet
l Q/0a = Inlet Efficiency = A100.00 %4
@ = Capacity = Z.69 c.f.s.
g = Flow-by To Grate
| = Qa - @ = 0.00 c.f.s.
: Grate not reqgquired
Total Inlet Capacity:
lf Curb Opening Capacity = 2,69 c.f.s.
Grated Inlet Capacity = Q.00 o.f.s.
I Total Inlet Capacity = 2.9 c.f.s.
Flow-RBy To Point No.o 10 @
l Appraach Flow To Inlet = Z.69 c.f.s.
Total Capacity Of Inlet = 2.69 c.f.s.
Flow-RBy = 0.00 c.f.s.

_‘



Zoint number: 10
omzat o STA. 26+00

Drainage Area

and

F T e e e e e R et
}

Subarea Zoning Area Zoning Ai
Ni. Type CAC . Factor CAc, )

l? Tatal 0.4z

Approach Flow to Foint Noo 10 3

3 ec.f.s.

L0042 Ft./Ft.
2.14 f.p.s.
400 feet
2.12 min.

Avg. B

Avg. Slope
l Avag. Velocity

Stream Length
Time Qf Concentration
Intensity 2.40 In./Hr.
Impervious Area 0.4 acres
Flow From Drainage Area = .82 c.f.s.
Flow-by From Upstream Inlets O.00 o, fos.

o nnon

Dtnteomasidd

iy

e

Approach Flow = 0.82 c.f.s.

Approaach Depth & Spread To Foint Nows 10
V-Ditch
Approach Flow
Ditech Slope
Side Slope(Z:1l
Approach Depth
Spread

0.82 c.fus,.
0.00423 Ft./Ft.
38, 000

Q.13 feet

9,99 feet

1N | 1}




Type 0f Inlet: SLOTTED DRAIN
dInlet Condition:  On—grade
Flow Conditvion: Weir flow
Curb Opening Capacity:

0.8 c.foes.
0.13 feet
9.99 feet
13.42 feet
40,00 feet
0.80
32,00 feet
L1000, 00 %
0.82 c.f.s.

I§ fa = Approach Flcow
: Approach Depth
Approach Spread
La Length for Total Capture
Lu Upstream Opening
Tz Clogaing Factor
L= Co x Lu
0/0a = Inlet Efficiency
2 = Capacity
Qg = Flow-by To Grate
= (la - @
Grate not required
Total Inlet Capacity:

I
(I O A I (A O

Q.00 c.fus.

#

l Curb Opening Capacity 0.82 c.f.s.
Grated Inlet Capacity 0.00 -.f.s.

I

Ie Total Inlet Capacity = 0.8% c.f.s.
Flow=EBy Toa Point Ne. 11 3

I] Approach Flow To Inlet 0.82 c.f.s.
Tmtal Capacity O0f Inlet 0.82 c.f.s.

ll Flow—-Ry

i oH

Q.00 c.f.s.

il



lF‘-:-int number: 11
Location: 8TA. 21+40

Drainage Area

Subarea Zoning Area Z
Neea Type CAz. ) F
l 1 Fo--ct 3.7

l Avg. G

Ava. Blope
m Avag. Velocity
4 Stream Length
Time Of Concentraticon

Intensity
' Impervious Area
: Flow From Drainage Area

Flow-by From Upstream Inlets

l Approach Flow

IApprr:na-:h Depth & Spread To FPoint
V-Ditch
Approach Flow
Ditch Slope
Side Slopel(Z:l)
Anproach Depth
Spread

I | B

i

oring Al
actor CAC .2
. 65 Z.41

= 3 rc.f.s.

= Q064 Ft./Ft.

= 2.90 f.p.s.

= 800 feet

= §.338 min.

= 2.90 In./Hr.

= 2.41 acres
= 4,76 c.f.s.
= 0,00 c.f.s,.
= 4,76 c.f.s.

Nz 2 11

4.76 c.f.s.

0.00264 Ft./Ft.
24, 000

0.29 feet
.65 feet

33



Type Of Inlet: SLOTTED DRAIN
rnlet Condition:  On-orade
Flow Cond it ion: Weir flow
Turb Opening Capacity:

I;, fla = Approach Flow = 4,76 c.f.s,
i Approach Depth = 0.29 feet
Approach Spread = 19,65 feet
H La = Length for Total Capture = 22.59 feet
: Lu = Upstream Opening = 40,00 feet
: Co o= Zlogging Factor = 0,80
L= Co x Lu = 32.00 feet
I Q/0a = Inlet Efficiency = A100.00 %
. f = Capacity = 4,76 c.f.s.
flg = Flow-by To Grate
= QGa —~ @ = 0,00 c.f.s.
- Grate not required
Total Inlet Capacity:
l‘; Curb Operning Capacity = 4,76 c.f.s.
i Grated Inlet Capacity = 0,00 ¢.f.s.
'E Tatal Inlet Capacity = 4.76 c.f.s.
{
Flow-Hy Too Foint Noo 12 0@
} ____________________________
ll Approach Flow Ta Inlet = 4,76 o.f.s.
Total Capacity 0Ff Inlet = 4,76 o.f.s.
= Q.00 c.f.os.

Il Flow-Ry

Lrrevomatl [y 418 Wy

Ii




I,F'cnint number: 12
Location: STA. 12460

Drainage Area

i
e e e e e e e e e e s e i s e s s et i e e e
i}
" Subarea Zoning Area Zoning Al
Nei. Type (Ac. ) Factor CAC. )
' 1 IND. FARK 2.09 .75 1.57
l Total 1.597
lﬁppr':-an:h Flow to Point Noo 12 :
e e e e e ot e o o e oot e s ot e 2 e s oot et e e e it e s o o
Avg. @ = 3 o.f.s.
Ava. Slope = L0021 Ft./Ft.
! Avg. Velocity = 1.65 f.p.s.
Stream Length = 900 feet
Time Of Concentration = 9.11 min.
, Intensity =  2.40 In./Hr.
[ Impervious Area = 1.57 acres

. oy
-._.. -_ -_ -.. -.. —L m‘. ‘

Flow From Drainage Area
Flow-by From Upstream Inlets

Approach Flow

Approach Depth % Spread To FPoint
V-Ditch
Approach Flow
Ditch Slope
Side Slope(Z:12
Approach Depth
Spread

O

2
2

# #nf

i

= 3,10 c.f.=.
= .00 -.f.s.
o E. 1(:’ L f-E-

N s 12

2.10 cLofes.
L0181 Ft./Ft.
3. 000

0.28 feet
8.24 feet



;JInlet Condition: On-grade
Flow Dondition: Weir flow
Turbk Qpening Capacity:

% fa = Approach Flow
Approach Depth

Approcach Spread

La
Lu

i N

Upstream Opening
Clogging Factor
L = o x Lu
IJ B/0a = Inlet Efficiency
- @ = Capacity
g = Flow—-by To Grate
||; = Qa ~ @
1 Grate not required
Total Inlet Capacity:

tHH

g
'§ Curb Opening Capacity
- Grated Inlet Capacity

u@ Total Inlet Capacity
.} Approach Flow To Inlet
Total Capacity 0Of Inlet

Flow—Ry

[

Type Of Inlet: SLOTTED DRAIN

Length for Total Capture

i

L 1 | O 1 N I

it

H o

o

i

3.10
0. 28
18. 24
15.51
40, 00
0,80

32.00

cu.fus.
feet
feet
feet
feet

feet

L1000, 00 %

3.10

0. 00

2.10
0. 00

CefTese

c.fos.

36
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';"JTH STREET MAJOR TRUNKM STORM DRMAIN EHAI0I7

ST-887E99 7-18-21
SLOTTED DRAIN COLLECTOR RIFE CAPACITIES HM

l USING THE MANNING FORMULA

_ Y
drez ) (Q%Q_n) ?

) Fta No. 1 = 3 4 = &
Vi e T e e e aa
g G (cfe)= 1.13 11.45 11.10 11.78 11.63 S a7
I T .04 D. D245 O OF4 0. 024 Ol OEg Q. 024

Z5. 8 28. 11 o

f Eh]
~!
53]
M
P
o]
1 4Y]
£33

d reqg. (in)= 10,23 2E. 17

[y
1)
{»

<
>}
=4
{3}
o
23]
<
I
[y

. s (ft/ft)= O, 00802 Q. QOGS 0. 0055 0, 002398 Q00552 0, 00483
' use o (in)=

Ft. No. 7 8 E] 10 11 1=
| I . x 30450 26400 E1e40 12060

g (ofs)= 2. 63 0. 82 4.76 .10

l Y= Q. 04 G 024 0. 24 Q. Q24

' g (ft/ft)= 0. 00684 O, 00423 0, 00264 Q. 00151

¢ reg. dir= 14.78 10,23 ZF1.61 20,43

‘ uwse d {dird= 1= iz =4 21
' * Point Nos. 7 & 8 are curb irnlets without slotted drair
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9TH STREET
CONNECTOR FIFE CALCS

CITY OF PHOENIX PREOCZEDURE FOR CONNECTOR FIFE DESIGN.

FE: Storm Drain Design Manual, City of Phoenix, 1987, Fages 18, 31-34.

FIFE RECORD NO. 1
Location: STA S8+00
Fipe material: RCF
Mannings N-Value, n = 0.013
‘Fipe diameter (D) = 1% In
Pipe Length (1) = 11 Ft
Fipe Angle at Inlet Q) = 0. 00 Deg
LHrate Elevation (53 = 1402.65 Ft
Outlet Invert Elevation (ElLa) = 1390.13 Ft
Inlet Invert Elevation (ELi) = 399.695 Ft
Curb Face Opening (cf) = 0 In
Design Flow (&) = 1.13 fs
Tailwater Elevation (Tw) = 1299.04 Ft

ERARZOS7
7/19/91
BJF /EM

I SR S50 Sk S (B ST 4000 GHS A S TS S e G B P8 G084 20 G S0t S i b 400 S i PV 9S00 8400 S S RS 4kt Rt S SO S e o S0 2700 mre S Sh400 WP S90S 89900 St Sems S S e S e b e 4mso S0 Faape S et S et e S £0990

ASBUMING OUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

-‘v ’*

Fipe Diameter, d = 1.25 Ft

Deflection Angle, © = 90. 00 Deg
Inlet Diameter, di = d / sin © = 1.25 Ft
Velocity, v = @ / (wcd/1i202/4) = 0.92 Fps

Velocity Head, hv = v23ig = 0.01 Ft
Friction Slope, Sf = 4.66 * n2 * Q2 &+ (d-(16/3)) =

Entrance Loss Coeficient, Ke = 0,50

Exit Loss Coeficient, Ko = 1

Fipe Loss, hp = 8f # 1 = 0.00 Ft

Entrance Loss, he = Ke # hv = 0.01 Ft

Exit Loss, ho = Mo % hy = 0.01 Ft

Total Friction Loss, H = hp + he + ho = Q.02 Ft

Headwater Elevation, Hwo = Tw + H = 13953.06 Ft
ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE: EBUREAU OF FURLIC
ROADS, 19€4.):

Square Edged Headwall

@ = 1.13 cfs

w o= @ / d"2.5 = 0. 6468

Hw/d = O.46 Ft/Ft

Hwi = Hw ¥ d + ELi = 1400,.22 Ft

CALCULATE FREEBOARD AND DEFTH OF BASIN:
Controlling Headwater Conditicon (Max. of Hwo or Hwi?

= 0.00031 Ft/Ft

HW = 1400,22 Ft
Freeboard, FB = G — cffil — HW = C2.43 Ft Z 0.20 F¢t
Minimum Allowable Drop Inlet Depth,

Vo= cf3 12+ 1.5 % hy + di o= 1.27 Ft
Drop Inlet Depth, V = & - ELi = 2.00 Ft z 1.27 F¢t
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1
9TH STREET
CONNECTOR FIFE CALCS

EEA#3097
- 7/193/91
CITY OF FHOENIX FPROCEDURE FOR CONNECTOR FIFE DESIGN. EJIF/kM
FE: Storm Drain Design Manual, City of Fhoenix, 1987, Fages 18, 31-34.

FIFE RECORD NOD. 2
Location: STA S3+70
Fipe material: RCF
Mannings N-Value, n = 0.013
Fipe diameter (D) = 18 In
Fipe Length (1) = 9 Ft
Fipe Angle at Inlet (Q) = 90.00 Deqg
Grate Elevation (G) = 1393.79 Ft
Outlet Invert Elevation (ELod = 1288.34 Ft
Inlet Invert Elevation (ELi) = 1296.29 Ft
Curb Face Opening (cf) = ¢ In
Design Flow (G) = 11.45 cfs
Tailwater Elevation (Tw) = 1396.34 Ft

meee yomm mane 20000 4890 v St e Seame e S0t4n Sadas Smend et SN $0004 brtn $0404 Fette SH0 S440n TeEm 42t SaReS SHOTS St P et S SHRS S S e SO Tt A S22 SHHI PO HO Set me Spam o Sabet Soee SVees Mo $00es S S M A i ALY (oMie Ak e Shoen S0 S S T S5 Mot P e

ASSUMING DUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

Fipe Diameter, d = 1.80 F%

Deflection Angle, @ = 90.00 Deg
Inlet Diameter, di = d / sin & = 1.50 Ft
Velooity, v = 0 /7 (w(d/1222/4) = £.48 Fps
Velocity Head, hv = v2$Zg = O.64 Ft

Friction Slope, Sf = 4.66 % n2 * 02 &+ (d™(1&/3)) = 0.01188 Ft/Ft
Entrance Loss Coeficient, Ke = 0. 50

Exit Loss Coeficient, Ko = -1

Fipe Loss, hp = 8f % 1 = 0.11 F¢t
Entrance Loss, he = ke % hv = Q.32 Ft
Exit Loss, ho = Ko ¥ hv = 0.64 Ft
Tomtal Friction Loss, H = hp + he + ho = 1.07 Ft
Headwater Elevation, Hwo = Tw + H = 1397.41 Ft

oot dmene soaen savos e S Bt So0ed ot YAt Samms Bemts e $Y4rm SO0 e MAAHS e ety SO oo e Somte fomes S04 Smim S Sabtt BN oo (e Sty SPRML S v $Ae4s b e A $08%4 e e S0 P o e S0ben S S0t GAeme oSt ot Frvi ST oA ST e A G4 SO S SaS SPRS WO e S SheSs PO v e BateS S

ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE: RBUREAU OF FURLIC
FOADS, 1964, ):

Sguare Edged Headwall

& = 11.45 cfs

w =@ / d"2.5 = 4.1591

Hw/d = 1.77 Ft/Ft

Hwi = Hw % d + ELi = 1398.95 Ft

T SRS e st e s e i S Gt 60900 e Garey PO T Sy R Gt S 84000 it S Se0us S9OSRl T Seant Sl AT A Gt A 0080 o S 24P e SAAS et e Beart S bt Wa0ee e eSS S4bis PO S4Sns 30438 b bt SH4ND Seche B o Aass S99 St s dmaae M e Mo bt S o8 e St P Beet

CALCULATE FREERDARED AND DEFTH OF BASIN:
Controlling Headwater Condition (Max. of Hwo or Hwid,
HW = 398.99 Ft
Freeboard, FR = G - cf+12 — HW = 0.84 Ft il 0.50 F¢

Minimum Allowable Drap Inlet Depth,
Vo= ofd3l2 + 1.9 % hy + di = 2.47 F%
Drop Inlet Depth, V = G - ELi = 2.50 Ft

2 2.47 Ft

= ST ST T e g SO 0 T 00 00T 2S8R ST T sweme Seses Tenw Peten eees femae seri SUmee St B seres Mot fmaee Saste et Setes Srimd Semm deore Suiwm gt A0S e s2eer domve Sasar 002 Skimd Armes Tease A S Soate Seeve $Huee Sevie PSS brin Beves Fases arits ey Sbise svper Juase s30et Term S0004 St Seoce
SRR AR S IS S RN AR S IS S A I S T 0 D e S R i T T R T I T N a2 L e e S i 3 T ey g I ST e I e T I e e e
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5TH STREET
CONNECTOR FIFE CALCS

EEA#BOSD7

7/19/91
CITY OF FPHOENIX FROCEDURE FOR CONNECTOR FIFE DESIGN. BIF/EM
RE: Storm Drain Design Manual, City of Phoenix, 1987, Fages 18, 31-3«

T S e S0 s e s e 1 0 S e e ST R R D S T S 0 S G o o T S 0 S I T I e T O 0T I e S I SO 2 RN S DY T D I S IR S0 S 2 2 s e e e i e e e

FIFE RECORD NO.
Locatians
Fipe material:

8TA B0+10

RCP

Mannings N~-Value, n = 0.013
Fipe diameter (D) = 18 In
Fipe Length (1) = 9 Ft
Fipe Angle at Inlet (0O) = 30.00 Deqg
Grate Elevation (G) = 297.81 Ft
Outlet Invert Elevation (FlLao) = 1386.94 Ft
Inlet Invert Elevatiocn (ELi) = 1394.31 Ft
LCurb Face Opening (cf) = O In
Design Flow (0) = 11.10 cfs

Tailwater Elevatiocn (Tw) =

394, 07

Ft

T S T T S T AR 5005 1S e St i S R T A 1448 301 ok s et 95000 S S o St e S P (s St A i 4 B S et s b A S99 A S Y e S0 o bt e S S0 eneS B2 S 2789 B Pt S S Pt ot S0 Sane Sv0m e At S e e e

ASSUMING OUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

ey

=

-.;_w -..‘ — ‘ % - —" L ”

Fipe Diameter, d = 1.50 Ft

Deflecticn Angle, 6 = 90.00 Deg
Inlet Diameter, di = d / sin 6 = 1.50 F¢
Velocity, v = 0 / (nid/1212/4) = 6&.28 Fps
Velooity Head, hv = viizg = 0.61 Ft

Friction Slope, 8f = 4,66 * n? * 02 + (d™(16/3)) = 0.01116 Ft/Ft
Entrance Loss Coeficient, He = 050

Exit Loss Coeficient, Ko = 1

Fipe Loss, hp = §f % 1 = 0.10 Ft
Entrance Loss, he = Ke * hv = 0.30 Ft
Exit Loss, ho = Ko % hy = 0.61 Ft
Total Friction Loss, H = hp + he + ho = 1.01 F¢t
Headwater Elevation, Hwa = Tw +. H = 1395.08 Ft

St A St i T e 44 S005 St S e 2o S S i Bhan S0 S0 S (s Srns SAARY SED Sinid G S Rettr e S bt i Sarid Jmbr St S0 S S B PO TS G AR S St St VPSS OB S50 P s ORS00 S St S e o Sl S900 St e S0a o Seim St

ASBUMING INLET CONTROL, CALCULATE THE FOLLOWING (FE: RUREAU OF FURLIC
FOADS, 13964.0:

Square Edged Headwall

(= 11.10 cfs
v = @ / d"2.9 = 4., 0280
Hw/d = 1.71 Ft/Ft

Hwi = Hw # d + ELi = 3%6.87 Ft

CALCULATE FREERODARD AND DEFTH OF BASBIN:

Controlling Headwater Condition (Max. of Hwo or Hweid,
HW = 396.87 Ft
Freeboard, FB = G — ocf¥l2 — HW = 0.94 Ft z 0.50 Ft

Minimum Allowable Draop Inlet Depth,
VPo= cf#12 + 1.5 % hv + di = . 2.41 Ft
Drop Inlet Depth,

V=5- ELIi = 3.590 Ft

1

2.41 Ft




I -w. . AI -

fms

o1H STREET
CONNECTOR FIFE CALLCS 7/13/51
CITY OF FHOENIX FROCEDURE FOR CONNECTOR FIFE DESIGN. BIF /KM
RE: Sterm Drain Design Manual, City of Fhoenix, 1987, Fages 18, 31-34.

So30n o2 ST T mane agmee gmeet emwe fver S seo mam saane S99 Sari sevee S0 SUTC Siom e S4rSH Bomms fes Wase S S et Seuut $ome Tt Samie sedmt S SO e et Shder oies saris SSem Eaes Shese s FRASS $00%0 fmbm svest brbis fmaas Pores Sate Soimt s Sevne B34S s Seven Gmen) Sovee Mo Febes Bt PO o0 St S S0mrt S Seven POOS Ponet Shams

EFA#RO37

I-m» e e-w»_»".! hlwi-am

FIFE RECORD NO.
Location:
Fipe materials:
Mannings N-Value, n =
Fipe diameter (D) =
Fipe Length (1) =
Fipe Angle at Inlet (O
Grate Elevation (E) =

Outlet Invert Elevation (ElLod) =

Inlet Invert Elevation
Curb Face Opening (cf)
Design Flow Q) =

Tailwater Elevation (Tw) =

e Wt B4 e (i PR 82098 B Suind APt S G4 Seaet Sooee Sotet Qs et i s Shmus Dot Sate Sbmes W

STA 47400
RCF
0.013
18 In
3 Ft

)} o= 90.00 Deqg

1396.41 Ft
1384.97 Ft
(ELiY = 1392.91 F%
== 0 In
11.78 cfs
1392.49 Ft

ASSUMING DUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

Fipe Diameter, d =
Deflection Angle, O =
Inlet Diameter, di = d
Velocity, v = @ / (wtd
Velocity Head, hv = v2
Friction Slope, 8f = 4
Entrance Loss Coeficie
Exit Losse Coeficient,
Fipe Loss, hp = 8f % 1
Entrance Laoss, he = ke
Exit Loss, ho = Ko ¥ h

Total Friction Loss, H
Headwater Elevation, H

ooros hin a4 S o0 s S Soa Buete saret BSoe SUReS e At GoeR o et St o Ses S

ASSUMING INLET CONTROL,
FOADS, 1964, ):
Square Edged Headwall

G o= 11.78 cfs
w = 0 / d"2.5 = 4,27
Hw/d = 1.84 Ft/Ft

Hwi = Hw % d + ELi =

1.50 Ft
90,00 Deg

/ sin @ = 1,590 F¢
/122 /4% = &£.67 Fps
+2g = 0.68 Ft

LEE ¥ n2 ox Q2 & (d016/30) = 0.01257 FL/Ft
nt, Ke = 0,50
Fo = 1

= 0.11 Ft
* hv = 0,34 Ft
Vv o= 0.68 Ft
= hp + he + ho = 1.14 Ft
wo = Tw + Moo= 1393.63 Ft

- Ao € A Sk i e S04, . i SHon M o S48 G St $4884 ot A S YHHS 20895 et Lo SAbet ST e S SA44F VoAt $345% M T BAFRY ot e SRS B8040 H44t0 o i S0484S0 dvms et $4ree

CALCULATE THE FOLLOWING (RE: BUREAU OF FUBLIC

48

CALCULATE FREEROARD AND DEFTH OF BASIN:
Controlling Headwater Conditicon (Max. of Hwo or Hwid,

HW = 1395.67 Ft ‘
Freeboardy, FB = G - cf#lZ - HW = 0.74 Ft Z 0.30 Ft
Minimum Allowable Drop Inlet Depth,

VI o= cf3l2 + 1.5 % hv + di = 2.82 Ft
Drop Inlet Depth, V = G -~ ELi = 3.590 Ft & 2,92 Ft

SninrmrmEmomamnn




9TH STREET

CONNECTOR FIFE CALCS

ZITY OF FHOENIX FROCEDURE FOR
FE: 8tocom Drain Design Manual,

ST 0T T S0 I S0 AN 4 i 83000 v e eves frine e Seae 2ot s s Sudir SuASE desie SSTE Seue S8 P Fey purke st sees Stter

FIFE RECOED NO.
Location:
Fipe materials
Mannings N-Value, n =
Fipe diameter (D) =
Fipe Length (1) =
Fipe Angle at Inlet (0) =
Grate Elevation (G) =
Outlet Invert Elevation (ELo)
Inlet Invert Elevation (ELi)
Curb Face Opening (cf) =
Design Flow (&) =
Tailwater Elevation (Tw) =
ASSUMING DUTLET CONTROL AND FIF
Pipe Diameter, d =

EKAR3B057

7/19/721
ONNECTOR FIFE DESIGN. BJIF /EM
City of Phoenix, 1987, Fages 18, 31-34.

ST o gue see sam e BTy teaes e Sem S04 mae S00m Syuay Eoewt drits Sovis bever Sinke dvuek Sotmy el S S TAven YIRS Sl SR Shrm S04 Hnat Shrms seset Smaoe ek Sovme bnsnn Satee Aomte seves Fraks
e R N N N O G T R T T T T O O N I e N o A s s S s e e e e e

STA 43+00
RCF
0.013
i8 In
10 Ft
90.00 Deqg
1394.897 Ft
= 1382.57 Ft
= 391.07 Ft
0 In
11.69 cfs
1390.46 Ft

4000 e Setnt 9900 S0 St e At SO ey S48en e Ghim e S G4 R Sotn OO0 dmee Sebee et SAANS SRl S e e S Py o S St s e SuAm Boeee et Sy dmite Smas A

E FLOWING FULL CALCULATE THE FOLLOWING:
1.50 Ft

Deflection Angle, & =

90.00 Deq
Inlet Diameter, di = d / sin ©

= 1.50 Ft
Velocity, v = 0 / (ni{d/12r2/4) = t.62 Fps
Velocity Head, hv = viiig = 0.7 Ft

Friction Slope, 8f = 4.66 ¥ n2 % P2 & (d™(1&/2)) = 0.01238 Ft/Ft
Entrance Loes Coeficient, ke = 0.50

Exit Loss Coeficient, Ko = 1

Fipe Loss, hp = 8f % 1 = 0.12 Ft
Entrance Loss, he = Ke % hv = .24 Ft
Exit Loss, ho = Ho ¥ hy = 0.7 Ft
Total Friction Loss, H = hp + he + ho = 1.12 F¢
Headwater Elevation, Hwo = Tw + H = 1391.39 Ft

o o o Gasi Bevhe Retas Bedms bt S WSbtn b st S Retih St Swiun Saesd S St A4 SR O Savin SHAAS S A S Sh4te e e S400s s 4t $SaS ot LAk S A fuitS SH4HS BOSSS hme $80e4 fmrmn S Wmn Setmn S900n S Se4ee S BB Mdare PeE PSS S et SUAMS PRLIR 900 SAms SRS s ke e St 300k s Aeies S900e s o Ve
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ABSUMING INLET CONTROL,

CALCULATE THE FOLLOWING (RE:

BUREAU OF PURLIC

ROADS, 1964.0:
Sguare Edged Headwall
Q= 11.69 cfs
4, 2422
1.82 Ft/Ft
Hwi = Hw % d + ELi =

1393.80 Ft

et S 4ot kS e S St B o e S T Sorin o SAerY Serin Besh e Saste e R Bebee Gl Sebes 40 brmns Bheae semas S0 e SHne

CALCULATE FREERBOARD AND DEFTH OF BASIN:

Controlling Headwater Condition (Max. of Hwo or Hwid

HW = 1333.80 Ft
Freeboard, FR = G - cf+12 - HW = 0.77 Ft z 0.50 Ft
Minimum Allowable Drop Inlet Depth,

Vro= of$l2 + 1.5 % hv + di = 2.81 F%
Drop Inlet Depth, V = G - ELi = 3.50 Ft 2 2.91 Ft
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5TH oTREET
CONNECTOR FIFE CALCS

CITY OF FHOENIX FROCEDURE FOFR CONNECTOR FIFE DES

FE: Storm Drain Design Manual, City of Phoenix,

FIFE RECORD NO. &
Location: 85TA 37+00
Fipe material: RCP
Marnings N-Value, n = 0.013°
Fipe diameter (D) = 185 In
Fipe Length (1) = 11 Ft

90.00 Deg
391.62 Ft

Fipe Angle at Inlet Q) =
Grate Elevation (G) =
Outlet Invert Elevation (ElLoo = 1373.04 Ft
Inlet Invert Elevation (ELiY = 1388.€2 Ft
Curb Face Opening (cf) = O In
Design Flow (&) = 5.47 cofs
Tailwater Elevation (Tw) = 1388.15 Ft

ASSUMING QUTLET CONTROL AND FIFE FLOWING FULL <A
. Fipe Diameter, d = 1.29 Ft
Deflection Angle, @ =
Inlet Diameter, di = d / sin & =
Velocity, v = & / (w(d/12322/4) =
Velocity Head, hv = v2iag =
Friction Slope, Sf = 4,66 % n2 * (2
Entrance Loss Coeficient, He =
Exit Loss Coeficient, Ko = 1
Fipe Loss, hp = 8f % 1 =
Entrance lLoss, he = e ¥ hv =
Exit Loss, ho = ko ¥ hv =

0.31 Ft

Q.50

(d~C16/30) =

EKA#Z097
7/139/31
TGN, BJIF/kM
1987, Fages 18, 31-34.

LOCULATE THE FOLLOWING:

90.00 Deg
1.25 Ft
4,46 Fps

0.00717 Ft/Ft
0.08 Ft

0.15 Ft
0.31 Ft

Total Friction Loss, H = hp + he + ho =
Headwater Elevation, Hwo = Tw + H =

ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING
FOADS, 1964.1:
Square Edged Headwall

o = 5.47 cfs
w = (0 / d"2.8 = S.1312

Hw/d = 1.30 Ft/Ft
Hwi = Hw % d + ElLi =

CALCULATE FREEBOAED AND DEFTH OF BASIN:
Controlling Headwater Condition (Max. of Hwo o
HW = 390.25 Ft

Freeboard, FB = G — cf+1Z — HW = 1.37 Ft
Minimum Allowable Drop Inlet Depth,
V9= cf31l2 + 1,8 ¥ hvy + di = 1.71 Ft

Drop Inlet Depth, V = G - ELI = 3.00 Ft

saars s e g artes st i e e

0.54 Ft

1588.69 Ft

(RE: BUREAU OF FUBLIC

v Hwid,
k3 0.90 Ft
& 1.71 Ft

£ e 2o e s gt meame gt Snnee peo et hove e St dhen Booe fmi Shnet S ket setee et
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9TH STREEET MAJOR TRUNE STORM SEWER

CONNECTOR FIFE CALCS

CITY OF FHOENIX PROCEDURE FOR CONNECTOR FIFE DESIGN.
RE: Storm Drain Design Manual, City of Phoenix, 1987,

EK3037

7/19/31

BJIF/EM
Fages 18, 31-34.

I I e e 2 T I I T e T I S 2 e I S e S T 2 e S 2 B T N B T I S T R T N R I mm I s T Sm e T T

FIFE RECORD NO. 7
L_Cu: at iv:vr'l . STQ 36""65 45, F’T
Fipe material: RCP
Mannings N-Value, n = 0.013
Fipe diameter (D) = 15 In
Fipe Lenath (1) = 45 Ft

0.26270 Ft/Ft
1392.15 Ft

Fipe Slope at Inlet (s) =
Top of Curb Elevation (tc) =
Outlet Invert Elevation (ELo) = 1376.81 Ft
Inlet Invert Elevation (ELi) = 1388.15 Ft
Curb Face Opening (cf) = 8 In
Design Flow (G) = 1.75 cfs
Tailwater Elevaticn (Tw) = 1388.06 Ft

anetn o e e e Smaae SO S bt Sty B i St 43493 S000 Tt Mot e G Sy (Ao S T893 P ki B P SA5SS 80030 4 SHND oot G i e Sbent Go0oe s St i M € SV Sk P it G040 RerAt PUEHY SO0 e M G

SmnmmrmmommnT oot

ASSUMING OUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

Fipe Diameter, d = 1.25 Ft

Deflection Angle, © = arctan (s) = 14.7%
Inlet Diameter, di = d / cog 6 = 1.29
Velocity, v = & / (w(d/1z32/4) = 1.43

0.03 F¢t
(d™C1e/32) =
Q.50

Velocity Head, hv = v242g =
Friction Slope, Sf = 4.66 % n2 * (2
Entrance Loss Ceoeficient, Ke =
Exit Loss Coeficient, Ko = 1

s

Fipe Loss, hp = &f * 1 = 0.03
Entrance Loss, he = Ke * hv = 0. 02
Exit Loss, ho = Ko ¥ hv = 0.03
Total Friction Loss, H = hp + he + ho = 0.08
Headwater Elevaticon, Hwo = Tw + H = 1288. 14

Deg
Ft
Fpa

0.00073 Ft/Ft

Ft
Ft
Ft

Ft
Ft

ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE:
FOADS, 1964.):
Square Edged Headwall

G = 1.753 cfs
v =0 / deR.5 = 1.0018
Hw/d = O0.60 Ft/Ft

Hwi = Hw * d + ELi = 388.90 Ft

CALCULATE FREEEROARD AND DEFTH OF BASIN:

Controlling Headwater Condition (Max. of Hws or Hwi:

HW = 1388.90 Ft
Freeboard, FB = tc - cfil2 - HW

]
b3
¢
28]
B
<t
,-’

Minimum Allcwable Drop Inlet Depth,
VI o= cf#12 + 1.5 * hv + di =
Drop Inlet Depth, V = teo ~ ELi =

.01 Ft

s sotee v o Soute sam mess goase P SAme Secet o P SRS e P45t Besst Bever

BUREAU OF FURLIC

o et G Satrs s S S A P S80S S P ent PO S4014 Oraee S P i v

2.01 Ft
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ITH STREET MAJOR TRUNE STOREM SEWEFR ER3037

CONNECTOR FPIFE CALCS 7/13/91
CITY OF PHOENIX FPROCEDURE FOFR CONNECTOR FIFE DESIGN. BJIF /KM

FE: Storm Drain Design Manual, City of Fhoenix, 1987,

Fages 18, 31-34.
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FIFPE RECORD NO.

Location: 8STA 3E+21 45'RT

Fipe material: RCP

Mannings N-Value, n = 0.013
Fipe diameter (D) = 18 In
Fipe Lenath (1) = 43 Ft
Fipe Slope at Inlet (s) = 0.26830 Ft/Ft
Top of Curb Elevation (feo) = 392.38 Ft
Outlet Invert Elevation (ELc) = 1376.80 F¢
Inlet Invert Elevation (ELi) = 1388.38 Ft
Curb Face Opening (cf) = 8 In
Design Flow (@) = 0.96 cfs
Tailwater Elevation (Tw) = 1387.95 Ft

T S S0 Sk i £ i PRt o A R A SRS 0 YA AL (b Ak S0 e S fage S S TS i B 476 Gt S S8 T 142 S G s S 4R S S0 T o0 B Sho4 S B P Pt et 0808 81 S S et e S SV S S S A S S A St S e S

ASSUMING DUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:
Fipe Diameter, d = 1.28 Ft

Deflection Angle, @ = arctan (s) = 15.02 Deg

Inilet Diameter, di = d / cos © = 1.29 Ft
Velacity, v = 2 / (nid/12)2/4) = 0.78 Fps
Veloacity Head, hv = v2452g = 0.01 Ft

Friction Slope, Sf = 4,66 % n2 * 02 2 (d™(16/3)) = 0.00022 Ft/Ft
Entrance Loss Coeficient, ke = Q.90

Exit Loss Coeficient, kKo = 1

Fipe Loss, hp = 8f % 1 = 0.01 Ft
Entrance Loss, he = Ke % hv = 0.00 Ft
Exit Loss, ho = Ko % hy = 0.01 Ft
Total Friction Loss, H = hp + he + ho = 0.0 Ft
Headwater Elevation, Hwo = Tw + H = 1387.97 Ft

S e Gosa) S00m Bemh G St O4m0e So4mt b St SO0 fmtar ML T rete G Sesey e Shbe G S SEMS S0 SO e AN Srmee ok s A0S B Gyelt SAamt bert S4vat H 2. B 40088 et RS e T B804S el S $444% i R $Hemt SP0mm ke Fhmie Srevs U S SO S e SHamm 30080 ot A PoaS Senet S0 . S008t et

ASBUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE: RUREAU OF FURLIC
FOADS, 1964.):

Sguare Edged Headwall

Q = 0.96 cfs

w =0 / d"2.5 = 0. 5495

Hw/d = 0.41 Ft/F¢t

Hwi = Hw * d + ELi = 1288.89 Ft

I ta0at mmt orant o St Smbet Sy B G4t e Ao oS et SO i VS Soouy Pl SHuAs Mo Dot S S $yRS bvAee AP 000 AN e Sl Sei St oot dmats bt SeeH B (mreh So4SS b Serte ALt S Gt S444m ey S brbts S St S Sov St dRbin AT et e B4e4s P et S4seR PPRAS H el S S At R S Saint

CALCULATE FREEROARD AND DEFTH OF BASIN:

Controlling Headwater Condition (Max. of Hwo or Hwid
HW = 1388.89 Ft

Freeboard, FR = tc ~ of#12 - HW 2.82 Ft

= 2.82 3 0.50 Ft
Minimum Allowable Drop Inlet Depth,
VP = cf$12 + 1.9 % hyv + di = 1.97 Ft
Drop Inlet Depth, V = t¢ ~ ELi = 4.00 Ft 2 1.97 Ft

ot
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S3TH STREET
CONNECTOR FIFE CALCS

CITY OF FPHOENIX FROCEDURE FOR CONNECZTOR FIFE DESIGN.

EXARZO97
7/19/91

BJIF /KM

RE: Storm Drain Design Manual, City of Fhoenix, 1987, Fages 18, 31-34.

FIFE RECORD NO.
Location:
Fipe material:
Mannings N-Value, n =
Fipe diameter (D) =
Fipe Length (1) =
Fipe Angle at Inlet (0) =
Grate Elevation (5) =

Outlet Invert Elevation (ElLo) =

Inlet Invert Elevation (ELi) =
Curb Face Opening (cf) =
Design Flow (G) =

Tailwater Elevation (Tw) =

ASSUMING QUTLET CONTROL AND FIFE

Fipe Diameter, d = 1.

Deflection Angle, © =

coret i ST Smaes taee Sheee Surin Suacs e Shewy Siota fuiis Stoee Sress Soem el dmim Avims sasis Stess Eeret Smme ST SIEE SheRE Soiim St vee Sewts Soa%s brne Smans s TorE Sobe s Ssate Saret Sovte

=]
8TA 30450
RCF
0.013
15 In
9 Ft
90,00 Deg
13288.14 Ft
1378.40 Ft
138%.14 Ft
0 In
2.69 cfs
13B6.46 Ft

FLOWING FULL CALCULATE THE FOLLOWING:
25 Ft
90. 00 Deg

Inlet Diameter, di = d / sin & = 1.25 F%

Velocity, v = & / (wmid/1222/4) = 2.19 Fps

Velocity Head, hv = v2ilg = 0.07 Ft

Friction Slope, 5f = 4.66 * n?2 # 02 &+ (d~(1&/3)) = 0.00173 Ft/Ft
Entrance Loss Coeficient, ke = Q.50

Exit Loss Coeficient, ko = 1

Fipe Loss, hp = 8f % 1 = 0.02 Ft

Entrance Loss, he = Ke ¥ hv = 0.04 Ft

Exit Loss, ho = Eo % hvy = 0.07 Ft

Total Friction Loss, H = hp + he + ho = 0.13 Ft

Headwater Elevation, Hwo = Tw + H =

138€.59 Ft

ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE: RUREAU OF PUBLIC

FOADS, 1964, ):
Sguare Edged Headwall
@ = 2.69 cfs
w =6 / d"2.9 = 1.53238
Hw/d = 0.78 Ft/Ft
Hwi = Hw * d + ELi =

CALCULATE FREEROARD AND DEFTH OF

1386.

12 Ft

BASIN:

Controlling Headwater Condition (Max. of Hwo or Hwid,

HW = 1386.399 Ft
Freeboard, FB = G - cf®12 -~ HW

H
=
n
R]
n
Lo
o

0.50 Ft

Minimum Allowable Drop Inlet Depth,

VIo= cf#12 + 1.5 % hv + di =
Drop Inlet Depth, V = G - ELi

1.26 F%
1.36 Ft



s1d sTREET
CONNECTOR FIFE CALCS

CITY OF FPHOENIX FROCEDURE FOR CONNECTOR FIFPE DESIGN.
City of Phoenix,

FE: Storm Drain Design Manual,
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FIFE RECORED NO.
Location:
Fipe material:
Mannings N-Value, n =
Pipe diameter (D) =
Fipe Lenagth (1) =
Fipe Angle at Inlet (0) =
Grate Elevation (G) =

ELA#3097
7/13/791
BJIF /EM
1987, Fages 18, 31-34.
10
STA ZE+00
RCF
T 0,013
15 In
10 Ft
30.00 Deg
1386.24 Ft

MR mh G W G B NS WS B W S G SN e

Outlet Invert Elevation (ElLol = 1374.22 Ft
Inlet Invert Elevation (ELi) = 1383.24 Ft
Curb Face Opening (cf) = 0 In
Design Flow (G) = .88 cfs
Tailwater Elevation (Tw) = 1283.48 F¢t

e i 44 Sh0ae Ao e raen e ot i gy St B4 R SIS $9809 SYAnY S beben Seasd 40000 S4ms Abrmn Sdrme e ant $nate SRS SO0 RS SRS S Shitt SOreS PO e S S $5000 08 90 St ol e A e st SR e S . $40ip 000 A Shote Shben Srebs St Mokt ok e e St S90S fm S At GOt St Srtn St S

ASBUMING OQUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

Fipe Diameter, d = 1.25 F¢t

Deflection Angle, 6@ = 30. 00 Deg
Inlet Diameter, di = d / sin & = 1.25 Ft
Velocity, v = Q / (wid/1z2r2/4) = 0.67 Fps
Velocity Head, hv = v2ilg = 0.01 Ft

Friction Slope, 8f = 4,66 * n?2 ¥ Q2 &+ (d™C16/32) = 0.00016 Ft/Ft
Entrance Loss Coeficient, Ke = Q.50

Exit Lose Coeficient, Ko = 1

Fipe Loss, hp = 8f ¥ 1 = 0.00 Ft
Entrance Loss, he = ke # hv = 0.00 Ft
Exit Loss, ho = Eo ¥ hy = 0.01 F%
Total Friction Logss, H = hp + he + ho = 0.01 F%
Headwater Elevation, Hwo = Tw + H = 1282.49 Ft

ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE: RUREAU OF FUBLIC
FOADS, 1364,
Sguare Edqed Headwall

0 = 0.82 cfs
w =0 /7 d"2.8 = 0.4694
Hw/d = 0.37 Ft/Ft

Hwi = Hw * d + ELi = 1383.70 Ft
CALCULATE FREEROARD AND DEFTH OF BASIN:
Controlling Headwater Condition (Max., of Hwo or Hwil,
HW = 1383.70 F%t
Freeboard, FB = 8 - cf&12 — HW = 2.54 Ft z 0.50 Ft

Minimum Allowable Drop Inlet Depth,

Vo= cf#l2 + 1.5 ¥ hv + di = 1.26 Ft
Drop Inlet Depth, V = G - ELi = 3.00 Ft 2 1.26 F¢t
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5TH STREET

CONNECTOR PIFE CALDS

CITY OF FHOENIX FROCEDURE FOR CON
FE: Storm Drain Design Manual, Ci

I N M I R I I N s e s s

FIFE RECORD NO.
Location:
Fipe material:
Mannings N-Value, n =
Fipe diameter (D) =
Fipe Length (1) =
Fipe Angle at Inlet (0O) =
Grate Elevation (G) =
Outlet Invert Elevation (ELcoo)
Inlet Invert Elevation (ELi) =
Curb Face Opening (cf) =
Decsign Flow (@) =
Tailwater Elevation (Tw) =

ASSUMING OUTLET CONTROL anND FIFE
Fipe Diameter, d = 1.
Deflection Angle, © =
Inlet Diameter, di
Velocity, v =8 / ¢
Velocity Head, hv = v
Friction 8lope, Sf = 4.
Entrance Loss Coeficient, Ke
Ewit Loss Coeficient, Ko =
Fipe Loss, hp = 6f ¥ 1 =
Entrance Loss, he = ke % hv =
Exit Loss, ho = Fo ¥ hy =

Total Friction Loss, H = hp + h

Headwater Elevation, Hwo = Tw +
ASSUMING INLET CONTRODOL, CALCULATE
FOADS, 1964.0:

Square Edged Headwall

Q = 4.76 cfes

w =0/ d"2.5 = 2.7248

Hw/d = 1.15 Ft/Ft

Hwi = Hw * d + ELi = 1382.

CALCULATE FREEROARD AND DEFTH OF

Controlling Headwater Condition
He = 1382.1%9 Ft

Freeboard, FE = § - of+l2 -~ HW

Minimum Allowable Drop Inlet De
VIo= of#12 + 1.5 % hy + di =
Drop Inlet Depth, V = G - ELi =

EAHZ097

7/13/91
NECTOR FIFE DESIGN. BJIF /EM
ty of Phoenix, 1987, Fages 18, 21-34.

11
STA Z1+40
RCPF
0.013
15 In
9 Ft
90.00 Deg
1284.62 Ft
1373.27 Ft
1381.62 Ft
O In
4,76 =fe
1382.75 Ft

oo e it 34205 S St S ot Sases S Sk i P b e (o A £33 e bk M Sraee TSNS 43 ot $rie bk e e bosee Sevve Mot 1054 Srbm futns Seote Seom

FLOWING FULL CALCULATE THE FOLLOWING:
25 Ft
90.00 Deg

= 1.29 Ft
= 3.88 Fps
0.22 Ft
¥ Q2 & (d™C16/30) = 0.00543 Ft/Ft
0.590
1
0,03 Ft
0,12 F%
0.23 Ft
e + ho = 0.40 Ft
H = 1282.15 Ft-

THE FOLLOWING (RE: BUREAU OF FUBRLIC

0O& Ft -

BASIN:
{Max. of Hwo or Hwid,

= 1.47 Ft z 0.50 Ft
pth,
1.60 Ft r
.00 Ft 2 1.60 Ft v
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3TH STREET ‘ EMARR0DT
CONNECTOR FIFE CALCS 7/19/791
CITY OF FPHOENIX FPROCEDURE FOR CONNECTOR FIFE DESIGN. BRIF/EM
FE: Storm Drain Design Manual, City of Phoenix, 1987, Fages 18, 21-34.
FIFE RECORD NO. 1z

Location: . STA 12+60

Fipe material: FCF

Mannings N-Value, n = 0.013

Fipe diameter (D) = 15 In

Fipe Length (1) = 13 Ft

Fipe Angle at Inlet (O) = 90.00 Deg

Grate Elevation (G) = 1282.75 Ft

Dutlet Invert Elevation (ELo) = 1370.45 F¢

Inlet Invert Elevation (ELi) = 1379.75 Ft

Curb Face Opening (cf) = 0 In

Design Flow (Q) = 3.10 cfs

Tailwater Elevation (Twl) = 1381.83 Ft
ASSUMING OQUTLET CONTROL AND FIFE FLOWING FULL CALCULATE THE FOLLOWING:

Fipe Diameter, d = 1.25 Ft

Deflection Angle, © = 90.00 Degq

Inlet Diameter, di = d / sin © = 1.25 Ft

Velocity, v = O /7 (w(d/1202/4) = 2.58 Fps

Velocity Head, hv = v24lg = 0.10 Ft

Friction Slope, 8§f = 4,66 ¥ n? * Q2 &+ (d™(1&/3)) = 0.00230 Ft/Ft

Entrance Loss Coeficient, Ke = 0. 50

Exit Loss Coeficient, Ko = 1

Pipe Loss, hp = §f % 1 = 0.03 Ft

Entrance Loss, he = ke % hv = 0.08 Ft

Exit Loss, ho = Eo ¥ hvy = 0.10 Ft

Total Friction Loss, H = hp + he + ho = 0.18 Ft

Headwater Elevation, Hwo = Tw + H = 1382.01 Ft

ASSUMING INLET CONTROL., CALCULATE THE FOLLOWING (RE: BUREAU OF FUBRLIC
ROADS, 1364,
Squale Edqed Headwall

QA = 2,10 rfe

¥ =0 / d"2.5 = 1.7745

Hw/d = 0.86 Ft/Ft

Hwi = Hw # d + ELi = 1380.82 F¢t

CALCULATE FREERODARD AND DEFTH OF BASIN:
Controlling Headwater Condition (Max, of Hwo or Hwil,
HW = 13BZ2.01 Ft

Fresboard, FE = G ~ cf312 — HW = G.74 Ft 2 0.50 Ft
Minimum Allowable Drop Inlet Depth,

VP = cf$12 + 1.5 % hy + di = 1.40 Ft
Drop Inlet Depth, V = G - ELi = 3.00 F¢t i 1.40 Ft
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DTH STREET MAJOR TRUNK STORM SEWER ER3I0I7
MAIN LINE FIPE CALCULATIONS 7/132/31
LOADING ON RIGID CONCRETE FIFES. EBEJIF /KM

RE: Ceorerete Pipe Handbool, ACPRA, 1388, Chapter 4.
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INFUT DATA:
FIFE RECORD NO.
Locaticrm:

Fipe material: yep
Invternal Pipe diameter (D): BE In
Wall thickress: 9.5 Iw
Outside Diameter {d): 3.58 Ft
Height of Cover {(H): 9 Ft
Cosfficient of Frictiorm (W) Q.6
Kus Q. 1324
Mo Q, 32
Settlemernt Ratio {rsd): Q.7
Froajecticr Ratic (p) = 1
Soil density (w): 140 Pcf
Trernch Bedding Factor (Bf): 1.9
Load Factor FParameters: Nz 0. 707

b 0,638
Safety Factor {(8F): 1

LIVE LOAD ON EFFECTIVE PLANE aF FIPE (LL) (Fg. 4-38 — 4-43):

Critical HSE-2Z0 locading configuraticor.

FFo= Poanmt laad =

IF = Inmpact factor =

L = Length of plarne =
W o= Width of plane =

Favg = Pverage presswre acting om

plane

1
0. 58 Ft
2l.42 Ft

= % IF / W/ L = 109 Psf

s = Effective width = 9.58 Ft
Wt = ABotive weight on pipe Favyg % L ¥ 5 = 21,430 Lbs
Le = Effective supporting length of pipe

= | 4+ 1.73 % (.75 % d) = 33.16 Ft
LL = Wt / Le = 648 Lbs/Lf

1. TRENCH CONDITIONS:

DEAD LOAD (DL)Y ( Fp. 4-4):
Mimimum Trernch Width = 11.58 F¢t

Compute the tramsiticnm width for trernch
projecting lcading using Fig.

4.11,

leoading = positive
page 4-17,

red ¥ p = Settlement * Projection ratic = Q.7

H/d = Height of cover / diameter = Q. 34

Co = Load ceeficient, positive projection = 1. 48
Try Tramsitiorn Width {(tw) 16.71 Ft

J o= Exku' ®¥H/tw = . 21

err = {(l-exp(-3))*¥tw 2/ (Zxku) ~Coxd"Z = -, 00
Desipgr Width (b)) = 16.71 Ft

Cd = (l-exp{(—2%¥ku'*¥H/b))/(Z¥ku') = Q.49

DL = Cd * w *® b"2 =
TOTARAL LOAD (TL):
TL = LL + DL =

MINIMUM REQUIRED FIFRE STRENGTH

Safety Factor (8F) =
Beddivng Factor (BF) =
D-LOAD = TL / BF % SF

(467

19,081 Lbs/Lf

19,669 Lbs/Lf

- 4-68):

1
1.3
1,300 Lbs/Lf/Dia.Ft.



t

FOSITIVE FROJECTION CONDITIONS (4-12, 4-17):
DEAD LOAD (DL):

N
9

H/d = Q. 34
Co = Load ceoeficient, positive projecticn = 1.48
DI = Co * w % d"g = 13,021 Lbs/Lf
TOTAL LOAD (TL):
TL = LL + DL = 138, 66% Lbs/L¥f
MINIMUM REQUIRED RIPE STRENGTH (4-67 - 4-&8) ) "
Safety Factor (SF) = 1
Load Factor (LF): (pg 4-63 — 4-—€4)
LF = 1.431/(N-xqg)
Where: N = Q. 707
X = 0. 638
q = pK/Co({H/d+p/2) = . 31
LF = =. 8
D-Load = TL / LF* 8F / (D/12) = 900 Lbs/Lf/Dia.Ft.

Fov desiprn use the grester of D-Loade for tremch and positive
projecting conditions,

D-Lcad = 1, 300 Lbe/Lf/Dia.Ft.
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TTH STREET MAJOR TRUNK STORM SEWER

MAIN LINE FIPE CALCULATIONS

LOADRING ON RIGID CONCRETE RIFES.

RE: Concrete Fipe Harndbook, ACFA, 1988, Chapter 4.

EKZ097
7713731
BJF /KM

INFUT DATA:
FIFE RECORD NO.

o

Lacatico: - : STA 18+50
Fipe material: . rep
Internal FPipe diameter (D): 96 Iw
Wall thickriess: 9.5 In
Outside Diameter {(d): 9.88 Ft
Height of Cover (H): 9 Ft
Cocefficient of Frictiaem (u) 0.6
Hus 0. 1324
K o 0. 32
Settlement Ratic (red): 0.7
Pfrojecticen Ratia (p) = 1
Soil density {(w): 140 pof
Trernch BRedding Factor (Bf): 1.3
Load Factor FParameters: N: Q. 707

_ R 0. 638
Safety Factcocr (5F): 1

LIVE LOAD ON EFFECTIVE PLANE AT TOFP OF FIPE (LL)Y (Fp. 4-38 — 4-43):

Critical HE-20 leocading cenmfiguraticr.

Fr= Point lcad = 48, 000 Lhbes
IF = Impact factor = 1
L = Length of plane = 20.58 Ft
W = Width of plane = 21.42 Ft
Favg = Averane presswre acting on plane
= B % IF /S W /S L o= 109 Psf
s = Effective width = 3.58 Ft
Wt = Active weight orn pipe = FPavg ¥ L * g = 21,490 Lbs
Le = Effective supporting length of pipe
=L + 1.75 ¥ (.75 % d)} = 33.1e Ft
L = Wt / Le = 648 Lbe/Lf
1. TRENCH CONDITIONS:
DEAD LOAD <(DL)Y ( Fg. 4-4):
Mimimum Trernch Width = 11.58 Ft
Compute the tramsition width for trernch loadivg = positive
projecting leading using Fig. 4.11, page 4-17,
red ¥ p = Bettlemernt * Projectiorn ratic = 0.7
H/7d = Height of caver / diameter = C. 34
Co = Load ceeficient, positive projection = 1.48
Try Tranmsiticem Width (tw) = 16.71 Ft
Jo= Z¥ku ¥H/tw = .21
gry = {(l-exp{—j))*tw 2/ (Z¥ku) ~Coxd"& = C. 00
Desigr Width (b)) = 16.71 Ft
Cd = (l—exp{(~2¥ku'*H/b) )/ (2xKku') = Q. 49
DL = Cd % w % b"Z = 13,021 Lbs/LFf
TOTAL LOAD (TL):
TL = LL + DL = 13,668 Lbs/Lf
MINIMUM REQUIRED FIPE STRENGTH (4-67 -~ 4-68):
Safety Factor (8F) = i
Bedding Factor (EF) = : 1.3
D-LOAD = TL 7 BF * 8F / (D/13) = 1, 200 Lbs/Lf/Dia.Ft.
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Foer design use the greater of D-Loads feor trernch

L8

FOSITIVE FROJECTION CONDITIONS (4-1&2, 4-17):
DEAD LOAD (DL):
H/d =
Cc = Load coceficient, positive projection =
DL = Co * w * d™2 =
TOTAL LOARD (TL) :
TL = LL + DL = .
MINIMUM REQUIRED FIFE STRENGTH (4-67 - 4-6£8)
Safety Factor (BF) = i
Loead Factor (LF): {pg 4—-&3 ~ 4—-£4)

LF = 1.431/(N—-xq)

Where: N =

}(".—‘:

q = pK/Coc{H/d+p/E) =
LF =

D-Lcad = TL / LF% SF / (D/12) =

projecting corditions,

Lbes/Lf/Dia.Ft.

Q. 707
0. 6358
0. 31

2. 82

0. 34
1.48
19, 021 Lbs/Lf

19,669 Lbs/Lf

900 Lbs/Lf/Dia.Ft.

and positive



3TH STREET MAJOR TRUNK STORM SEWER ERZ097
MAIN LINE FIFE CALCULATIONS 7/22/91
LOADING ON RIGID CONCRETE PIFES. BJIF /KM

RE: Concrete Fipe Handbook, ACFPA, 1988, Chapter 4.

INFUT DATA:

FIFE RECORD NQO. 3
Location: STA 23+45
Fipe material: rep
Internal Fipe diameter (D): 96 In
Wall thickness: 9.9 In
Duteide Diameter (d): 9.98 Ft
Height of Cover (H): 10 Ft
Coefficient of Friction (uw) @ 0.6
ks 0.1924
S 0.32
Settlement Ratio (red): 0.7
Frojection Ratio (p) = 1
Soil density (wl: 140 Pcf
Trench Redding Factor (Ef): 1.9
Load Factor Farameters: N: 0.707

Wi 0.628
Safety Facter (8F): 1

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF PIFE (LL){(Pg. 4-3B -~ 4-43):
Critical HS-20 loading configuration.
F = Point load = 48, 000 Lbs
IF = Impact factor = 1
L. = Length of plane = 22.32 Ft
W = Width of plane = 23.17 Ft
Favg = Average pressure acting an plane

=PF % IF / W/ L = : 93 Psf
s = Effective width = 9.58 Ft
Wt = Active weight on pipe = Favg ¥ L ¥ s = 13,895 Lbs
Le = Effective suppovting length of pipe
=L + 1.785 * (,75 % d) = 34.91 Ft
LL = Wt / Le = 570 Lbs/Lf
1. TEENCH CONDITIONS:
DEAD LOAD (DLY ¢ Pg. 4-4):
Mimimum Trench Width = 11.58 Ft
Compute the transition width for trench loading = positive
projecting loading using Fig. 4.11, page 4-17,
red ¥ p = Settlement * FProjection ratio = 0.7
H/d = Height of cover / diameter = 1.04
Lo = Load coeficient, positive projection = 1.64
Try Transition Width (tw) = 16.88 Ft
J o= Z¥ku*¥H/tw = 0.23
err = (l-exp(~j))¥tw 2/ (2#ku)-Cc*d"2 = ~Q. 00
Design Width (b) = ' 16.88 Ft
Cd = (l—exp(-2*ku’*H/b))/(Z*ky’) = 0.53

DL = Cd % w % b™2 =
TOTAL LOAD (TL):
TL = LL + DL =
MINIMUM REQUIRED PIPE STRENGTH (4-£7 - 4-68):

21,134 Lbs/Lf

21,704 Lbs/Lf

Safety Factor (SF) = 1
Bedding Factor (BF) = 1.9
D-LOAD = TL / BF % SF / (D/12) = 1,450 Lbs/Lf/Dia.Ft.
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2. POSITIVE FROJECTION CONDITIONS (4-12, 4-17):
DEAD LOAD (DLD):
ﬁ/d = 1.04
Coc = Load coeficient, positive projecticon = . 1.64
DL = Cc % w % d"2 = 21,134 Lbs/Lf
TOTAL LOAD (TL):
TL = LL + DL =

21,704 Lbhs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-&7 - 4-£8)

Safety Factor (SF) = 1
Laad Factar (LF): (pg 4-63 — 4-64)
LF = 1.431/(N-xq)
Where: N = ' 0.707
X o= 0.6328
q = pk/Coc(H/d+p/2) = 0.30
LF = . 2.78
D-Load = TL / LF%* 8SF / (D/1Z2) = ' 1,000 Lbs/Lf/Dia.Ft.
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For design use the greater of D-lLcads for trench and positive
projecting conditions,

D-lLoad = 1,430 Lbs/Lf/Dia.Ft.
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FTH STREET MAJORE TREUNE STOREM SEWER EKZ097
MAIN LLINE FRIFE CALCULATIONE 7/722/91
LOADING ON RIGID CONCRETE FIPES. BJIF/EM
Fabs ancret@ Fipe Handbook, ACFA, 1988, Chapter 4. :
INFUT DATA:

FIFE RECORD NO. =

lozations CL STA 28+45.71, 33.29'RT

Fipe material: rocp

Internal Fipe diameter (DJ: &0 In

Wall thickness: .5 In

Dutside Diameter (d): ) &.08 Ft

Height of Cover (H): ' 11.5 Ft

Coefficient of Friction <uw) 3 0.6

Fus 0. 1924

Eoos 0.32

Settlement Ratic (rsdl): 0.7

Frojection Ratio (p) = 1

Soil density (wi: 140 Pef

Trench ERedding Factor C(Bf): 1.9

Load Factor Farameters:  N: 0,707

we 0. 638
Safety Factor (8F): i

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LLI(Pg. 4-38B - 4-43)0:
Critical HS-20 loading configuration.

Fo= Faoint load = 48, 000 Lbes
IF = Impact factor = 1
L = Length of plane = 24,95 Ft
W = Width of plane = . 25.79 Ft
Favg = Average pressure acting on plane
= P % IF / W/ L = 75 Psf

g = Effective width = &.08 Ft
Wt = Active welight on pipe = Favg * L ¥ g = 11,3759 Lbs
Le = Effective supporting length of pipe

= Lo+ 1,78 % (.75 % di = 3z.99 Ft
L = Wt / Le = S48 Lhe/Lf

1. TRENCH CONDITIONS:
DEAD LOAD (DLY ¢ Fg. d-g):

Mimimum Trench Width = 8.08 Ft
Zompute the transiticon width for trench loading = positive
projecting loading using Fig. 4.11, page 4~17,
red ¥ p = Settlement * FProjection ratic = 0.7
H/d = Height of cover / diameter = 1.89
T o= Load coeficient, positive projection = Z.98
Try Transition Width (tw) = ‘ 11.54 Ft
J o= Z2#ku EH/tw = 0.38
ervy = (l-egxp(—jl))¥tw™ 2/ (2¥ku)—Coxd™2 = 0. 00
Design Width (b) = _ 11.54 Ft
Cd = (l-exp(~—2%ku’¥H/bl2/(2Z¥ku’) = 0.82
DL = Zd * w % h"2 = 15,428 Lbs/Lf
TOTAL LOAD <TLo:
TL = LL + DL = 15,772 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGETH (4-67 —~ 4-68):
Safety Factor (8F) = 1
Bedding Factor (BF) = 1.9
D-LBAD = TL / BF * SF / (D/12) = 1,700 Lbs/Lf/Dia.Ft.
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2. FPOSITIVE PROJECTION CONDITIONS (4-12, 4-170: -
DEAD LOAD <¢DL):
H/c = 1.8%

CQ = lL.oad coeficient, positive projection = .98
DL o= o % w ® "2 = 15,428 Lbsslf

TOTAL LOAD (Tio:
TL = LL + DL = 15,773 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-6£7 -~ &-GH)
Safety Factor (BF) = . 1
Load Factor (LF): (pg 4-63 — 4-64)
LF = 1.421/{N~-xq)
Where: N 0O.707
® 0.6328
o] pk/Co (H/d+p /2y = 0. 26
LF = 2.64 _ :
D~Load = TL / LF¥ SF / (D/12) = 1,200 Lbhs/Lf/Dia.Ft.
For desion use the greater of D-Loads for trench and positive
projecting conditions,

D-Load = 1,700 Lbe/Lf/Dia.Ft.
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STH STREET MAJOR TRUNE STORM SEWER ERE097
MAIN LINE FIFE CALCULATIONS PR

LOADING ON RIGID CONCRETE FIPES. HTFf}H
FE: Gonocrete Fipe Handbook, ACFA, 1988, Chapter 4
INFLT I)ﬂTré-
FIPE RECORD NO. =
Lo-ation: STA 31+00
Fipe material: rop
Internal Fipe diameter (Di: 108 In
Wall thickness: 9.5 In
Qutside Diameter (di: 10.38 Ft
Height of Cover (H): 7.5 Ft
Coefficient of Friction <ud) 0.6
e 0.1924
B 0.32
Settlement Fatio (rsdl: 0.7
Frojection Ratio (p) = 1
Soil density (wl: 140 Pof
Trench Bedding Factor (Bf): 1.9
Load Factor Parameters: Nz 0.707
w e 0.638
afety Factor (8F): 1
LIVE LDOAD ON EFFECTIVE FLANE AT TOF OF FIFE <LL){Fg. 4-38 - 4-43):
Critical HS-20 loading configuration.
Foo= Point load = 48, 000 Lbs
IF = Impact factor = 1
L = Length of plane = 17.95 Ft
W = Width of plane = 18.79 Ft
Favg = Average pressuwre acting on plane
= F ® IF / W/ L = 142 Pef
s = Effective width = ' 10,58 Ft
Wt = Active weight on pipe = Pavg # L. # g = 26,975 Lhs
le = Effective supporting length of pipe
= Lo+ 1.7 % (W75 % dy o= 31.85 Ft
Ll = Wt / Le = 847 Lbss/Lf
1. TEENCH COMDITIONS:
DEADR L.OAD <DLy ¢ Fg. -4
Mimimum Trench Width = 12.58 Ft
Compute the transition width for trench loading = positive
projecting loading using Fig. 4.11, page 4-17,
red ¥ p = Settlement * Frojection ratio = 0.7
H/d = Height of cover / diameter = O.71
Co o= Load coeficient, positive projection = 1.12
Try Transition Width (tw) = 18.04 Ft
Jo= Z¥kw EH/tw o= 0. 16
gry = (l-exp(-322%tw 2/ (2¥kul-Oo*d™l = =0, 00
Degign Width (b) = 18.04 Ft
Cd = (l-exp (2% *H/DI2/(2¥kW ) = 0.3
DL. = Cd % w % b2 = 17,504 Lbs/Lf
TOTAL LDAD <TLa:
T = LL + DL = 18,281 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-6£7 - 4-680:
SGafety Factor (8F) = 1
Bedding Factor (BF) = 1.9
D-LOAD = TL / BF * 8F / «D/1z2) = © 1,100 Lbs/Lf/Dia.Ft.
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2. FOSITIVE FROJECTION CONDITIONS (4-13, 4-17):
DEAD LOAD <DL :

H/d = 0.71
Lg = Load coeficient, positive projJection = 1.1z
DL o= Oc # w % g™ = 17,504 Lhs/L1
TOTAL LOAD (TL): '
T = LL + DL = 18,351 Lbs/Lf
MINIMUM REQUIRED FIFE STRENSGTH (4-~67 - 4-6£8)
Safety Factor (8F) = )
Load Factor (LF): (pg 4-63 ~ 4-64)
LF = 1.431/(N~-xql
Whesy e N = 0,707
w o= 0.638
q = pk/Cc{H/d+p/2) = 0.25
LF = 293
D-Load = TL / LF* BF / (D/12) = 700 Lbs/L.f/Dia.Ft.

For design use the greater of D-loads for trench and positive
projecting conditions,

D-load = 1,100 Lbs/Lf/Dia.Ft.
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GTH STREET MAJOR TRUNE STORM SEWEFR
MAIN LINE FIFE CALCULATIONSG

LOADING ON RIGID CONCRETE FIFES. BJIF/EM
FE: ancrete Fipe Handbook, ACPA, 1988, Chapter 4.
INFUT DATA:
FIFE RECORD NO. €
Lmcation: : STA 37+30
Fipe material: . Yop
Internal Pipe diameter (D): 108 In
Wall thickness: 10.5 In
Outside Diameter (di: 10.75 Ft
Height =f Cover (H): 10.5 Ft
Coefficient of Friction Cud @ 0.6
Fue 0. 1924
Bos 0.32
Settlement Ratioc (rsdi: 0.7
Frojection Ratio (p) = 1
82il density (w)s 140 Fof
Trench Bedding Factor (Bf): 1.9
Load Factor Farameters: N: Q. 707
K 0.638
Bafety Factor (GF): 1
LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)(Fg. 4-38B — 4-43):
Critical HE-20 loading configuration.
Fo= Point load = 48, 000 Lbe
IF = Impact factor = i
L = Length of plane = 23.20 Ft
W= Width of plane = 24,04 Ft
Favg = Average pressure acting on plane
86 FPef

= % IF / W/ L =
e = Effective width =

Wt = Active weight on pipe = Favg ¥ L. ¥ g =
Le = Effective supporting length of pipe

oL 1LTE ow (.70 % ) o=

L = Wt / e =

1. TRENCH CONDITIONS:
DEAD LOAD <DLy ¢ Fg. 4-4d):
Mimimum Trench Width =
Compute the transition width for trench loading =
projecting loading using Fig. #.11, page ¢4-17,
rad * p = Bettlement ¥ Frojection ratio =
H/sd = Height of cover / diameter =
Co o= Load coeficient, positive projection =
Try Tramsition Widith (tw) =
Jo= 2%ku’*H/tw =
ery = (l-pypi~j)retw2/(Zsku)~Coxrdmz =
Design Width (b) =
Co = (l-exp(-2¥ku’#¥H/b))/(E2¥Ru’) =
DL = Od # w % bh"2 =
TOTAL LOAD (TL):
TL = LL + DL =
MINIMUM REQUIRED FIFE STRENGTH (4-67 — 4-6£8):
Safety Factor (8F) =
RBedding Factor (RBF) =
D-LOAD = TL / BF * SF / ((D/712) =

10.75

21,453

37.2

S75

12,73

positive

0.7
0.28
1.54

18. 8z
0. 21
-, OO0
18.8z
0,50
=4, 892

5, 467

1
1.9

ERGOY7
T/22/791

Ft

Ft

Ft

Lbs/Lf

Lbs/Lf

1,500 Lbs/Lf/Dia.Ft.



FOSITIVE FROJECTION CONDITIONS (4-132, 4-17):
DEAD LOAD (DL):

1}
«

H/¢h = 0, 98
W Lg = Load coeficient, positive projection = 1.54
{ DL = Do % w # ™2 = 24,892 Lbhe/Lf
TOTAL LOAD (TL): '
f TL = LL + DL = 25,467 Lbs/LAf
l} MINIMUM REQUIRED FPIFE STRENGTH (4-£7 —~ 4-6£8)
} Safety Factor (8F) = 1
, Load Factor (LF): (pg 4-6&3 — 4-64)
i LF = 1.431/(N-xq>
I Wheres N = 0.707
% o= 0.638
i q = pk/Cc(H/d+p/2) = 0.3
l LF = 2.80
D~lLocad = TL / LF* SF / (D/12) = 1,080 Lbs/Lf/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

et e

D-Load = 1,500 Lbs/Lf/Dia.Ft.
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STH STREET MAJOR TRUNE STOREM SEWER

MATN LINE FIPE CALCULATIONS

LOADING ON RIGID CONCRETE FIPES.

FE 2 Qmmcrmta Fipe Handbook, ACFA, 1988, Chapter

INFUT DATA:
FIFE RECORD NO. 7

Location: STA 37+50
Fipe material: Yop
Internal Fipe diameter (DJ): 84 In
Wall thickness: 8.5 In
Outside Diameter (d): 8.42 Ft
Height of Cover <(H): 10.5 Ft
Coefficient of Friction (uw) 0.6
A 0. 1924
ke 0.32
Settlement Ratioc (red): 0.7
Frojection Ratio (p) = 1
Swil density (wie 140 FPof
Trench Bedding Factor (RBf): 1.9
Laoad Factor Farameters: Nz 0,707

W G. 638
Safety Factor (BF): 1

LIVE LOAD ON EFFECTIVE PLANE AT TOF OF FIFE (LL)(FPg. 4-38 - 4-43):
Cyitical HE-Z0 loading saonfiguration,

FrFos Foddnt load = 48, 000 Lbs
IF = Impact factor = 1
L = Length of plane = 23.20 Ft
W = Width of plane = 24.04 Ft
Favg = Average pressure acting on plane
= F % IF / W/ L. = 26 Psf

g = Effective width = g.42 Ft
Wt = Active weight on pipe = Pavo ¥ L % & = 16,8032 Lbe
Le = Effective supporting length of pipe

= Lo+ 1,75 % (.73 % di o= 34,28 Ft
LL. = Wt 7/ Le = 491 Lbs/lf

1. TRENCH CONDITIONS:

DEAD LOAD ¢DLY © Fg. 9-¢)1:

Mimimum Trench Width = 10,42 Ft
Compute the transition width for ftrench loading = positive
projdjecting loading using Fig. 4.11, page 4-17,
rad ¥ p o= Settlement * Frodection ratio = 0.7
H/d = HMeight of cover / diameter = - 25
Ciooo= Load coeficient, positive projdection = 1.97
Try Transition Width (tw) = 15,11 Ft
Jo= ¥kt ¥H/tw = Q.27
err = (l-exp(~jl)i¥tw™2/(2%k0)~Coxd™d = -, OO0
Design Width (b) = 15.11 F¢t
Lo = (l-exp(-2¥ku’ ¥H/bl) 2/ (2¥ku’) = O.61
Dl. = Cd % w % b™Z = 13,489 Lbs/Lf
TOTAL LOAD (TLa:
TL = LL + DL = 19,980 Lbs/Lf
MINIMUM REQUIRED FPIFE STRENGETH (4-£7 - 4-6£8):
Safety Factor (SF) = 1
Fedding Factor (BF) = 1.9
D-LOAD = TL / BF % &F / (D/12) = 1,550 Lbs/Lf/Dia.Ft.
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I, POSITIVE PRQJECTION CONDITIONS (4-12, 4-17):
DEAD LOAD <DLO:

H/d = 1.25
T o= load coeficient, positive projection = 1.%97
DL, = Do % w % d™2 = 19,482 Lhs/Lf
TOTAL LOAD (T s '
TL = LL + DL = 19,980 Lbe/Lf
MINIMUM REEQUIRED FIFE STRENGTH (4-67 - 4-68)
Safety Factor (8F) = : 1
Load Factor CLF): (pg 4-&3 — 4-64)
LF = 1.421/(N-xq)
Where: N 0.707
w o= 0. 638
q = pkE/CocdH/d+p/2) = 0,29
LF = 2.73
D-lL.mad = TL / LF* 8SF / (D/12) = 1,050 Lbs/Lf/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

D—-Load = 1,850 Lbs/lLf/Dia.Ft.



-u

b

ey

o

r=

vl

.

—"

!_ ~ _ - a.:_. !W -

STH STREET MAJOR TREUNE STORM SEWER ERGO97
MAIN LINE FIFE CALCULATIONS T2/
LOADING ON RIGID CONCRETE FIFES. BJIF/EM
FE: Concrete Fipe Handbook, ACFPA, 1988, Chapter <.
INFUT DATA:
FIFE RECORED NO, &
Location: STA SO4+00

FPipe material: riop
Internal Pipe diameter D): g4 In
Wall thickness: 8.5 In

Outeside Diameter (dl: g.42 Ft
Height of Cover (Hi: 10 Ft

Coefficient of Friction <) : ‘ 0.6
Fauts . 0. 1924
| 0,32
Settlement Eatic (rsd): 0.7
Frojection Fatio (p) = 1
Soil density (w): 140 Fof
Trench Bedding Factor (Rf): 1.9
Load Factor Farameters: N2 0,707

W Q. 6328

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF PIFE (LL)(Pg. 4-38 ~ 4-43):
Critical HS-20 loading configuration.
F = Point load = 48, 000 Lbs
IF = Impact factor = i
L = Length of plane = 22.383 Ft
W = Width of plane = . 22.17 Ft
Favg = Average presswre acting on plane
= B IF / W /L= 93 Fsf
g = Effective width = B.42 Ft
Wt Active weight on pips = Favg * L * ¢ = 17,486 Lbhs
Le Effective supporting length of pipe
Lo+ 1,75 % (.73 % o) = 323.38 Ft
LL Wt 7/ Le = 524 Lbs/Lf
1. TRENCH CONDITIONS:
DEAD LOAD DLy ¢ Fg. #-3)3
Mimimum Trench Width = 10,42 Ft
Compute the transition width for trench loading = positive
projecting loading using Fig. ¢4.11, page 4-17,

I I

rad ¥ p o= Settlement * Frojection ratio = 0.7

H/d = Height of caver /7 diameter = 1.19

Lo o= Load coeficient, positive projection = 1.87
Try Transition Width (tw) = 15.03 Ft

J o= 2elur #H/tw == 0.26

err = (l-exp(~J)3xtw 2/ (k) -Co%d™3 = -, 00
Design Width (b)) = 15.03 F%

Cd = (l-pip(-2%ku’¥H/by )/ c2elu? ) = 0. 59

DL = Cd % w % b"2 = 18,561 Lbhs/L¥

TOTAL LOAD (TLo:
TL = Ll + DL = 19,085 Lbe/Lf

MINIMUM REQUIRED FIFE STRENGTH (4-67 -~ 4-£82:

Safety Factor (8F) = 1
Bedding Facteor (BF) = 1.9
D=-L.OAD = TL / BF % SF / (D/12) = 1,450 Lbs/Lf/DiaJFt.
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2., POSITIVE FROJECTION CONDITIONS (4-12, 41702
DEAD LOAD (DL2:
H/d = 1.19
Co o= Load coeficient, positive projection = 1.87
DL = Lo % w % ™2 = 18,561 Lbs/Lf
TOTAL LOAD ¢TLy:
TL = LL + DL = 19,085 Lbs/Lf
MINIMUM EEQUIRED FIFE STREMETH (4-67 - 4-£8)
Safety Factor (SF) = i
Load Factor (LF): (pg 4-63 — 4-64)
LF = 1.431/(N-xqg)
Where: N = Q.707
% 0.638
q pk/Co (H/d+p/2) = 0.29
LF = 2. 74
D~Load = TL / LF* 8F / (D/12) = 1,000 Lbs/Lf/Dia.Ft.

For design use the greater of D-lLoads for trench and positive
projecting conditions,

on b

D-l.oad = 1,480 Lbs/Lf/Dia.Ft.



9TH STREET MAJOR TRUNE STORM SEWER
MAIN LINE FIFPE CALCULATIONS

LOADING ON RIGID CONCRETE FIPES.

FE: Concrete Fipe Handbook, ALZFA, 1988,

Chapter 4.

EK3097
7/22/91
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INFUT DATA:

FIFE RECORD NO. _ 9
Location: STA 45+00
Fipe material: YO
Internal Fipe diameter (D): 84 In
Wall thickness: 8.5 In
Dutside Diameter (d): 8.42 Ft
Height of Cover (H): C9.5 Ft
Coefficient of Friction Cud 3 0.6
Kuz 0. 1924
Koa ‘ Q.32
Settlement Ratio (rsd): 0.7
Projection Ratio (p)y = 1
Soil density (wi: 140 Pof
Trench RBedding Factor (RBf): 1.9

Load Factor Parameters: Nz

Safety Factor (5FJ:

0.707
0. 6328
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FIFE (LL)Y(Pg. 4-38 -~ 4-43):

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF
Critical HS-20 laoading configuration.
F = Foint load =
IF = Impact factor =
L o= Length of plane =
W = Width of plane =
Favag = Average presswre acting on pla
=F % IF / W/ L =
g = Effective width =

Wt = Active weight on pipe = FPavg % L

lLe = Effective supporting length of p
= Lo+ 1,75 % (.75 % d) =

LL = Wt / Le =

e

Hi

.x. &3
ipe

48, 000 Lbs
1
21.45 Ft
22.29 Ft

100 Fsf
8.42 Ft
18,065 Lbs

32.5 Ft
556 Lbs/Lf

1. TRENCH CONDITIONS:
DEAD LOAD (DL ¢ Fg. 4-4):
Mimimum Trench Width =

10.42 FE

Compute the tramgition width for trench loading = positive

projecting loading using Fig. <.11,
red # p = Settlement % Frojection
H/d = Height of cover / diameter =
Lo = load coeficient, positive pro
Try Transition Width itw) =
J o= 2¥ku? ®¥H/tw =
gry = (l-agwip(~Jrixtw 2/ (2%kulr-~Co
Design Width (b) =
Cd = (l-exp(~-Z¥kut*H/ b))/ (2¥kn? )y =
Dl. = 2d % w % h™2 =
TOTAL LLOAD <TLa:
TL = LL + DL =
MINIMUM REQUIRED FPIFE STREMETH (4-67
Safety Factor (5F) =
Redding Factor (BF) =
D—-L.OAD = TL / BF * &F /7 (D/12) =

page <4-17,
ratioc =

Jection =

®d"3 =

- GBI 2

0.7
1.13
1.78

14.93 Ft
0. 24
-y 00
14,95 Ft
0. 56

17,633 Lbs/Lf
18,189 Lbs/Lf

1
1.9

1,400 Lbe/lLf/Dia.Ft.



FOSITIVE FROJECTION CONDITIONS (d4-12, 4170
DEAD LOAD (DLJ:

ha

H/d = 1.132
o= Load coeficient, positive projection = 1.78
DL = C¢ % w #* d™2 = 17,633 Lbs/Lf
TOTAL LOAD (TLJ:
TL = LL + DL = 18,189 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-£7 -~ 4-£33
Safety Factor (SF) = 1
Load Factor (LF): ' (pg 463 — <4-£4)
LF = 1.4831/(N—-xq?
Wheres N = 0.707
w.o= - _ 0.6358
q = pk/Co(H/d+p/2) = 0.2
LF = 2075
D~lioad = TI. / LF*® 8F / (D/12) = 950 Lhs/Lf/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

D-Load = 1,400 Lbs/Lf/Dia.Ft.
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3TH STREET MAJOR TRUNE STOREM SEWER S smv
MAIN LINE FIFE CALCULATIONS 7/22/91
LOADING ON RIGID CONZRETE FIFES. EMW\TZ

mmn Concrete ﬂuum Ia:ac::?w D_an 1988, Chapter 4.

INFUT DATA:
FIFE RECORD NQO. O

Lecatiaon: STA S56+00
Fipe material: Yo
Internal FPipe diameter (Di: 2 Inm
Wall thickness: 7.5 In
Outside Diameter (di: T.25 Ft
Height of Cover (H): 10 Ft
Coefficient of Friction (1) @ 0.6
B 0. 1924
| 0.3
Settlement Ratio (rasdd: 0.7
Projection Ratio (p) = 1
Scil density fwi: 140 Pof
Trench Bedding Factor (Bf): 1.9
Load Factor FParameters: N 0.707

W Q.638

Safety Factor (S5F): 1 ‘

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)(Fg. 4-38 - 4-43):
Critical HS-20 lwading configuration.
F = Point load = 48, 000 Lbs
IF = Impact factor = 1

R Tl

. = Length of plane = 22.33 Ft
W = Width of plane = 23.17 Ft
FPavg = Average presswe acting on plane

= F % IF /7 W / L. = 33 Pof

s = Effective width = 7.2 Ft
Wt = Active weight on pipe = Pavg * L % & = 15,056 Lbs
Le = Effective supporting length of npum

= Lo+ 1.75 % (.75 % d) = 321.85 Ft

LL = Wt / Le = 4732 Lbs/Lf

1. TRENCH CONDITIONS:
DEAD LOAD (DLY ¢ Pg. <4-d4):
Mimimum Trench Width = .25 Ft
Compute the transiticon width for trench loading = positive
U1:um.dp3n loading using Fig. #4.11, page 4-17,

sd # p = Settlement % Projection ratic = Q.7

I\a = Meight of cover / diameter = 1.38

Co o= Lmad coeficient, positive projection = 2.17
Try Transition Width (tw) = 1 3.17 Ft

J o= ZekutEH/tw = 0,29

grv = (l-@xp(=jrr¥tw 2/ (2%ku)-Coed™d = (), OO0
Desian Zwaﬁj (hy = 2.17 Ft

Cd = {1- Ualuwvc_#:\sv,\ﬁ.*~:.u B 0. 86

DL = [Zd % w % h"2 = 15,988 Lbs/Lf

TOTAL LOAD (TL):
TL = LL + DL = 16,461 Lbs/Lf

MINIMUM REQUIRED FIPE STRENGTH (4-67 - 4-&8):
Safety Factor (BF) = 1
Bedding Factor (RBF) = 1.9
D-LOAD = TL / BF % SF / (D/712) = 1,450 Lbe/Lf/Dia.Ft.
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2. POSITIVE PROJECTION CONDITIONS (412, «4-17):
DEAD LOAD <DL

H/d = 1.38
Co o= load coeficient, positive projection 24017
DL = Qo # w % "8 = ' 159,988 Lbs/Lf
TOTAL LOAD <TLJ:
TL = LL + DL = 16,461 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-&7 - 4-6£83
Safety Factor (8F) = 7 1
Liomad Facteor (LF): (pg 4-63 -~ 4-64)
LF = 1.431/(N-xqg)
Where: N = ' 0.707
o= 0.6328
q = pE/CoiH/d+ps2) = Q.28
LF = F.70
D-lLoad = TL / LF* 8F / (D/12) = 1,050 Lbs/Lf/Dia.Ft.

For design use the greater of D-bLoads for trench and positive
projecting conditions,

D-Load = 1,480 Lbs/L.f/Dia.Ft.
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STH STREET MAJOR TRUNE STORM SEWER EK3097
MAIN LINE FIFPE CALCULATIONS 7rezs
L.OADING ON RIGID CONCRETE FIFES. BJIF /KM
FE: Conecrete Pipe Handbowok, ACRA, 1988, Chapter <.
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INFUT DATA:
FIFE RECORD NO. 11

Location: 8TA 59+61.60
Fipe material: rop

Internal Fipe diameter (Di: 72 In
Wall thickness: 7.9 In

-y

Outside Diameter (di: 7.25 FE
Height of Cover <(H): 11.5 Ft

Coefficient of Friction Cu) @ Q.6
Fats 0. 1924
ko 0.3
Settlement Ratioc (rsdi: Q0.7
Projection Ratio (p) = 1
Scil density (wl: 140 Pof
Trench Bedding Factor (Bf): 1.9
Load Factor FParameters: N: Q.707

% 0.638

Safety Factor (SF): 1

LIVE LODAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)Y(Fg. 4-38 — 4-43):
Critical HS-20 loading configuration.
Fo= Paint load = 48, 000 Lbhs
IF = Impact factor = » i
L = Length of plane = 24,95 Ft
W = Width of plane = 25.79 Ft
Favg = Average pressure acting on plane
=F % IF /7 W/ L = 75 FPsf
= Effective width = 7.25 Ft
Active weight on pipe = Favg ¥ . % & 12,5679 Lhs
Effective supporting length of pipe
L+ 1.75 % (.75 % d) = 34.47 Ft
Wt 7/ Le = 394 Lbs/Lf

i

il
LI I

1. TRENCH CONDITIONS:
DEAD LODAD (DL)Y ¢ Pg. 94-4d:
Mimimum Trench Width = F.25 Ft
Compute the transition width for ftrench loading = positive
projecting loading wsing Fig. 4.11, page 4-17,

vrad ¥ p o= Settlement * Frojection ratico = .7
H/d = Height of cover / diameter = 1.59
O o= Load coeficient, positive projection = 250

Try Transiticon Width (tw) = 13.41 F¢

J o= 2%ku’t¥H/tw = 0.33
grr = (l-@up(—-Jj)Ii®tw 2/ (Z¥ku)--Cord™2 = ~ . Q0
Design Width (b) = 12,41 Ft

Cd = {(l—exp(~I¥ku’®#H/b))/(Zxku?) = 0.73

DL = Zd % w % b™2 = 18,387 Lbs/Lf
TOTAL LOAD (TLo:

TL = LL + DL = 18,781 Lbs/Lf
MINIMUM REGUIRED FIFE STRENGTH. (4-£7 - 4-£8):

Safety Factor (8F) = 1

Bedding Factor (BF) = 1.3

D-L.OAD = TL / RBRF ® &F / ((D/12) = 1,650 Lbs/Lf/Dia.Ft.
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Z. POSITIVE FEOJECTION CONDITIONS (4-12, 4-173:
DEAD LOAD (DL):

H/d = 1.59
Coe = Load coeficient, positive projection = Ha30
DL = Cc #* W % d°2 = 18,387 Lbs/Lf
TOTAL LOAD (TL):
TL = LL + DL = 18,781 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-&7 -~ 4-6£83
Safety Factor (GF) = i
Load Factor (LF): (pg 4-E£3 - 4-64)
LF = 1.431/(N—xq?
Where: No= 0.707
%= - - 0. 638
g = pk/CociH/d+p/2y = Q.27
LF = 2.67 ,
D~Load = TL / LF* 8F / (D/1Z) = 1,200 Lbs/l.f/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

D-Load = 1,650 Lbes/Lf/Dia.Ft.



L

STH STREET MAJOR TRUNE STORM SEWEER
MAIN LINE FIFE CALCULATIONS
LOADING ON RIGID CONCRETE FIFES.
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INFUT DATA:
FIFE RECORD NO. 1z

Location: L 8Ta 59+76. 74,
Fipe material: Yo

Internal Fipe diameter <(DJ: 72 In

Wall thickness: 7.5 Inm
Outside Diameter (d): 285 Ft
Height of Cover (H): 12,8 Ft

Coefficient of Friction (wd @ 0.6
Eus Q. 1924
ko Q.32
Settlement Ratia (redi: 0.7
Frojection Ratio (py = 1
Soil density (wl: 140 Pof
Trench Bedding Factor (Bfi: 1.9
Load Factor Farameters: N: 0,707

W Q.638

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LLDYOFg.
Critical HS-2Z0 loading configuration.
F = Pzint load =
IF = Impact factor =
L. = Length of plarne =
W = Width of plane =
Favg = Average pressure acting on plane
= F % IF /7 W/ L =
s = Effective width =

Wt = Active weight on pipe = Favg % L % g =
e = Effective supporting length of pipe

= Lo+ 1,759 % (.75 % d) =
LL = Wt / Le =

1. TRENIH CONDITIONS:
DEAD LOAD (DL) ( Fg. 4-43:
Mimimum Trench Width =
Compute the transition width for trench loading =
projecting leading using Fig. #.11, page 4-17,
red * p o= Settlement ¥ Projection ratio =
H/d = Height of cover 7/ diameter =
o o= Load coeficient, positive projection =
Try Transition Width (tw) =
J o= 2#ku’ ¥H/tw =
ery = {(l-gxp(-~j)i%tw 2/ (2¥k0)~Toxd™E =
Design Width (b) =
Cd = (l-pup(~Z€ky’*H/h)y/ (2xku?) =
DL, = 0d % w % b™2 =
TOTAL LOAD (Tl
TL = LL + DL =
MINIMUM REQUIRED PIFE STRENGTH
Safety Factor (8F) =
Bedding Facter (RBF) =
D-LOAD = TL / BF * SF /

(4~E7 -~ #~EBI:

(D/LZy =

ERS057
T/EZ/I]
BIF/EM
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458 - 4-430:

48, 000 Lbs
1
2E.70 Ft
27.54 Ft

E£5 Fsf
T.ES Ft

2,580 Lbs

——

3€.23 Ft
347 Lbs/Lf

9.25 Ft
positive

13,86 Ft
0. 35

=, OO

13.56 Ft
0.78

13,985 Lbs/Lf

20,33% Lbsslf

1
1.9

1,800 Lbae/l.f/Dia.Ft.
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2. POSITIVE PROJECTION CONDITIONS <412, 4-172:
DEAD LOAD (DL):
H/d = 1.
Co = Load coeficient, positive projection = 2.
DL = D¢ % w % d™2 = 19,9
TOTAL LOAD (TL):
TL = LL + DL = 20,
MINIMUM REQUIRED FIFE STRENGTH (4-67 - 4-68)
Safety Factor (BF) = 1
Lioad Factor (LF): (pg 94-63 — 4-640
LF = 1,431/ (N-xq)
Where: N = 0,707
0,638

0. 26

S Lbs/Lf

32 Lbs/Lf

g = pk/Co(H/d+vp/72)
LF = 263

D~load = TL / LF* SF / (D/12) = 1,300 Lbs/l.f/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

Hou i

D-l.oad = 1,800 Lbe/Lf/Dia.Ft.
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9TH STREET MAJOR TRUNKE STORM SEWER ER30397

MAIN LINE FIFE CALCULATIONS iR/
LOADING ON RIGID CONCREETE PIFES. BJF/EM

FE: Concrete Fipe w:ac::*_ D_ﬂbi 19288, Chapter 4.

FIFE RECORD NO. =
Location: _ CL 5TA 2E+45, STURAUT

Fipe material: rop
Internal Fipe diameter (DI: 20 In
Wall thickness: .5 In
Outside Diameter (d): : £.08 Ft
Height of Cover <(Hi: 11.8 Ft
Coefficient of Friction Cw) 2 0.6
Eus O 1924
ks 0.3
Settlement Ratio (rsdo: 0.7
Frojection Ratico (p) = 1
Soil density (w): 140 Pof
Trench Bedding Factor (Bf): 1.3
Load Factor Farameters:  N: 0,707

“wi 0. 628

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)C(Pg. 4-38 — 4-430:
Critical HS-20 loading configuration.
F = Point load = 48, 000 Lbs
IF = Impact factor = : 1
L. = Length of plane = 24,95 Ft
W= Width of plane = 25.79 Ft
Favg = Average pressure acting on plane

= F % IF /7 W/ L = 75 Psf

s = Effective width = . am Ft

Wt = Active weight on pipe = Pavg % L % 5 = 11,3 Lbs
Le = Effective supporting length of pipe
= o+ 1,75 % (.75 % diy = 32,94 Ft

hd [ -

LL = Wt / Le = 345 Lbs/LT
1. TEENCH CONDITIONG:
DEAD LOAD (DL ¢ Pg. «4-4):
Mimimum Trench Width = 8.08 Ft
Compute the transition width for trench loading = positive
projecting loading using Fig. <4.11, page 417,

red % p o= Settlement % Projection ratbioc = 0.7

H/d = Height of cover / diameter = 1.8%9

Co o= Load coeficient, positive projection = R IC
Try Transiticn Width thwy = 11.54 Ft

Jo= 2xku?¥H/tw o= 0. 358

gry = (l=exp(—J))%twE/ (Eeku)~Coxd ™D = 0. 00
Design Width (bl = 11.54 Ft

Cd = (l-exp (-2t *H/ /D)) 28ku’y = 0. 85

DL = Zd # w % b™2 = 159,428 Lbhs/Lf
TOTAL LOAD (TLo:

TL = LL + DL = 15,773 Lbhaslf
MIMNIMUM REGQUIRED FRIFPE STRENGTH (47 -~ @230

SGafety Factor (8F) = 1

Bedding Factor (RF) = 1.9

D-L.OAD = TL / BF % &F / (D/13) = 1,700 Lbhs/Lf/Dia.Ft.




: . POSITIVE FPROJECTION CONDITIONS (4-12, «-17):
lf; DEAD LOAD (DL :
H/d = 1.8
Co o= bLoad coeficient, positive projection = e
DL. = D¢ % w % d"F = , 15, 432
TOTAL LOAD (TL:
TL = LL + DL = 15,773 Lbs/L1f
MINIMUM REQUIRED FIFE STRENGETH (4-67 -~ 4-68)
Safety Factor (GF) = 1
Load Factor (LF): (pg 4-63 ~ 4-64)
LF = 1.431/(N~xq)
Where: No= 0,707
w o= 0,638
q = pk/Cc(H/d+p/3) = 0. 26
LF = B
; D-Load = TL / LF* 8F / D/1z2) = 1,200 Lbs/tL.f/Dia.Ft.
For design use the greater of D-Loads for trench and positive
projecting conditions,

Lbs/Lf

et omter

inmaprtscots

Krmmtrinatl

Dt oad = 1,700 Lbs/Lf/Dia.Ft.
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GTH STREET MAJOR TRUNKE STORM SEWER
CONNECTOR FIFE CALCULATIONS
LOADING ON RIGID CONCRETE FIFES.

RE:

Concrete Fipe Handboo

ACF

INFUT DATA:

FIFE
loocations

Fipe material:
Internal Pipe diameter
Wall thickness:
Outzide Diameter
Hei
Coefficient

B
k.

Safety Factor

Settlement Ratio
Frojection FHatio
Sxil density
Trench Bedding Factor
Load Factor Parameters:

FECORD NO.

ST
ToOR

(D3

Cddz: 1.
Cover (H):
of Friction

aht of

(py =
Cwle 1
(Bfae 1

(U L

(redd: 0.

Nz 0.7

.
Lo
by
o)
T
]
5

W G.638

CBF e

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE CLLYPg. 4-38 -~ 4-43):
Critical HS-20 loading coanfiguration.
Fo= Poant load =

IF

L o=

= Impact Tactor =
L(Z:’ﬁgth of p]_ar,@ e

W = Width of plane =

Favg =

g =

Wt
le

Average pressure acting on plane
= F % IF /7 W / L =
Effective width =
Active weight on pipe = Favg * L. #
Effective supporting length of pipe
=L + 1.75 % (.75 % d) =

t

48,000 Lbs

1.82 Ft

ey

27036 Ft

L = Wt / Le = 128 Lbsslf

1.

TRENCH CONDITIONG:

DEAD LOAD

Mi

(DLY € Fg. -4
mimum Trench Width =

Compute the transition width for trench

nr

Design

Ld

DL
TOTAL

MI

cjesting loading weing Fig. .11,
raod * p = Settlement ¥ Projection
H/d = Height of cover diameter =
Co o= Load cosficient,
Try Transition Width
Jo= ZkkuteH/tw o=
ry =
Width (b)y =
= L] @yp C-R% R FHADY ) 2R Y =
= g % w % B2 o=
LOAD (T
LL o+ DL o=
REGUIRED FIPE
(GF) =
CRF) =

&SF /7

rat

(twd =

TL. =
NIMUM
Safety Factor
Bedding Factor
D-LOAD = TL /7 BF =+

Cofmin? -

STRENGTH

(DALZEY

positive projection

S B
e S

positive

Ft

loading =

page 417,

i o= 0.7

b 27
ERRELE
G.EE FE

0.9

DS TR IV IV & ATNEADC I S 3 S R W vl i ] 0, 00

e

D2,080 Lbhe/Lf/Dia.Ft.
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Z. POSITIVE FPROJECTION CONDITIONG o4-12, 4-170:
DEAD L0OAD <DLz
H/d = 6,27
o o= Load coeficient, positive projection = 9.88
DLo= T ¥ w % ™3 = 4,649 Lbs/Lf
TOTAL LOAD (TL):

TL = LL + DL = 4,774 Lbs/Lf
MINIMUM REQUIRED FIRFE STRENSTH (4-£7 - 4-£82
Safety Factor (&F) = 1
Load Factor (LFD: tpg 4-68 - 9-64)

LF = 1.431/(N~-x%q) -

Where: N = 0.707

- x o= 0.638

q = pk/CcH/d+p/2) = 0,22
LF = 2,52
D-l.cad = T / LF* 8F / (D/12) = 1,380 Lbs/L{f/Dia.Ft.
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For design use the greater of D-Loads for trench and positive
priojecting conditions,

D-Load = T, 050 Lbs/Lf/Dia.Ft.
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STH STREET MAJOR
CONNECDTOR FIFE CALCULATIONS

SEWER

LOADING ON RIGID CONCRETE FIFPES.

RE: Concrete FPipe Handbook,

INFUT DATA:

FIFE RECORD NO.

Location:

Fipe material:
Internal FPipe diameter
Wall thickness:
Outside Diameter
Height of
Coefficient

Eus
koo

Settlement Ratioc (redl:
Projection Ratio
Soil density (wi:
Trench Bedding Factor
Load Factor Farameters:

ACFA,

af Frictian

1988,

Chapter

H53+T70

18
3.75
2.13
10.5

(:)l 6

1. 1934

0. 32
0.7
i
140

1.3

0.707
0.638

in
In
Ft
Ft

ER3097
FrE2/91
BJIF/EM

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE

Critical HS-20 loading configuration.
Fo= FPoint load =
IF = Impact factor
L = Length of plane
W = Width of plane
Favg = Average pressuwre acting
= % IF /7 W / L
s = Effective width
Active weight

Wt
Le

L

LL

red ¥ p

H/d =

Co = Load coeficient,
Try Transition Width
2¥kut #H/tw =

Cl-@wupC~J) dtw™2/ (2¥kud —Do*d™2
Design Width

J o=
eryr

(.75 % do

o pipe = Favg ® L
Effective supporting length of pipe
L+ 1.78 =
Wt 7/ Le =
1. TEENCZH CONDITIONS:
DEAD LOAD
Mimimum Trench Width
Compute the transition width
projecting loading using Fig.
Settlement

Cd = (l-exp(~Z%ku! ¥H/bd )/ (2%kut) =

DL o= Zd % w #

TOTAL LOAD
TL = LL -+

MINIMUM REQUIRED FIPE
Safety Factaor
Bedding Factor
D-—-L.0OAD

STRENGETH

TL 7/ BF * &

tD/12) =

for trench
4.11,
* Frojection ratio
/ diameter
positive projection
(tw) =

(4=E7 -

on plane

* @ s

CLLY CPg.

loading
page €4-17,

4-E£8):

B8 -~ 44301

48,000 Lbs

1
23.20 Ft
24,04 Ft

8E Fsf
2.13 Ft
4,251 Lbs

25.99 Ft
164 Lbs/Lf

.46 Ft

= positive

.7

. ot

7.78

4,91 Ft
G.B2

0, OO0

4.91 F¢t
1.6

4,921 Lbs/Lf

5,085 Lbe/Lf

1
1.9

1,800 Lbhs/lA.f/Dia.Ft.
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. POSITIVE FROJECTION CONDITIONS {4-12, 4-17):
DEAD LOAD (DL):

H/d =
Co o= Load coeficient, positive projection =
DL = Do % w #® d™2 = 4,921 Lbe/s/lf
TOTAL LOAD (TLJ:
TL = LL + DL = 5,085 Lbs/Lf
MINIMUM REQUIRED FIFE STRENSGTH (4-£7 ~ 4-68)
Safety Factor (SF) = 1
Load Factor C(LF): (pg 4-63 — 4-64)
LF = 1.431/(N-%qg2
Where: No=s 0,707
W= 0,638
q = pk/CocdH/d+p/2) = Q.22
LF = .54
D-Load = TL / LF*® SF / (D/12) = 1,350 Lbs/lL.f/Dia.Ft.

For design use the greater of D-loads for trench and positive
projecting conditions,

D-Load = 1,800 Lbhs/L.f/Dia.Ft.




9TH STREET MAJOR TRUNE STOEM SEWER 3097

CONNECTOR FIFE CALCULATIONS 7722791
LOADING ON REIEID CONCRETE FIFES. BJIF /KM

RE: Concrete Fipe Handbook, ACFA, 13988, Chapter 4.
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INFUT DATA:

FIFE RECORD NO. 2
' Location: STA S0+10
Pipe material: rop
Internal Pipe diameter (DJ: 18 In
Wall thickness: 3.75 In
l Outside Diameter (dl: 213 Ft
Height of Cover (H): 10 .Ft
Coefficient of Friction (ud @ 0.6
' Kus 0. 1924
K2 . Q.32
Bettlement Ratioc {(red): 0.7
Frojection Ratio (p) = 1
Scil density (wh: 140 Pcf
Trench Bedding Factor (Rf): 1.9
Load Factor FParameters: N» 0. 707
w e 0.638
Safety Factor (S5F): i
LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LLIY{(Pg. 4-38 - 4-43):
Critical MHS-20 lwoading configuration., .
P = Foint load = A4, 000 Lbes
IF = Impact factor = 1
L = Length of plane = 22.33 Ft
W = Width of plane = 23.17 Ft
Favg = Average pressure acting on plane
= R & IF / W/ L = 98 Fsf
s = Effective width = 2.13 F¢
‘ Wt = Active weight on pipe = Favg % L ¥ g = 4,423 Lbs
j Le = Effective supporting length of pipe
* = Lo+ 1.75 % (.73 % d) = 25012 Ft
Ll = Wt / Le = 176 Lbs/Lf

1. TRENCH CONDITIONS:
DEAD LOAD (DLY ¢ FPg. «4-<):
Mimimum Trench Width = 3.46 Ft
Compute the transition width for trench leoading = positive
projecting loading using Fig. 4.11, page 4-17,

red ¥ p = Settlement * Projection ratio = 0.7
! H/d = Height of cover / diameter = 4.71
i Lo o= lead coeficient, positive projection = 7.1
Try Transition Width {tw) = .85 Ft
! J o= Zekut*¥H/tw = 0.7%9
}5 err = (l-exp(~Ji))¥tw™ 2/ (Zxku) 0o ¥d™3 = Q.00
Design Width (bl = 4.8% Ft
v Cd o= Cl-exp(-2%ku? $H/ b))/ 02kbu’ ) o= ‘ 1.42
DL = d * w % b"E = 4,686 Lbs/Lf
b TOTAL LOAD (Tl
TL = LL + DL = 4,862 Lbs/Lf
I} MINIMUM REQUIRED FIFE STRENGTH (4-£7 — 4-&3):
i Safety Factor (5F) = 1
RBedding Factor (BF) = 1.9
! D-LOAD = TL / BF * &F / (D/12) = 1,750 Lbs/Lf/DiaJFt.

[—
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2. FOBITIVE
" DEAD LOAD (DL):
H/d =

oo o= Load cosficient, positive prodect
DL = Qo % w % d™z

TOTAL LOAD (TLO:
TL = LL + DL =

MINIMUM REQUIRED FPIFE STREMGTH (4-67 -

FEOJECTION CONDITIONS

Safety Factor (BF)

Load Factor C(LF):
LF = 1.431/N-x
Where: N

kA

q
LF =

D-Load = TL / LF* GF / (D/1Z) =

o design use the greater of D-Loads

projecting conditions,

il

D-L.oad

g2

i

1,750

(pg <4-63

ph /o (H/d+p /20

Cep 1,

- G40

4.71
7. 41
4,686 Lbs/Lf

4,862 Lbs/Lf

0.707

0.3
0.23

T

1,300 Lbe/Lf/Dia.Ft.
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GTH STREET MAJOR TRUNE STORM SEWER EED037
CONNECTOR FIFE CALCULATIONS 7T/2e/9
LOADING DN RIGID CONCRETE FIFES. BIF /KM
FE: Concrete Fipe Handbook, ACPA, 1988, Chapter 4.

INFUT DATA: ,
FIFE RECOED NO. 4

Location: STA 47+00
Fipe material: rop
Internal Fipe diameter (D): 18 In
Wall thickness: 3.75 In
Outside Diameter (d): 2.12 Ft
Height of Cover (H): 10.5% Ft
Coefficient of Friction <uld 0.6
Fus O, 192
B 0.3
Settlement Ratio (rsd): 0.7
Frojection Rstio (p) = 1
Soil density (wl: 140 Pof
Trench Bedding Factor (Bf): 1.9
Load Factor Farameters:  N: Q.707

%3 0.638
Safety Factor (BF2: 1

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE LLIIPg. 4-38 - 4-432):
Critical HS8-20 loading configuration.
Fo= Foint load = 48, 000 Lbe
IF = Impact factor = 1
L = Length of plane = 238.20 Ft
W = Width of plane = 24,04 Ft
Pavg = Average pressure acting on plane

=P % IF / W / L = 86 Psfe

s = Effective width = 2,13 F¢

Wt = Active weight on pipe = Favg * L ¥ & = 4,251 Lbs
Le = Effective supporting length of pipe
= Lo+ 1,78 % (.78 % d)y = 25.99 Ft
LL = Wt / e = 164 Lbs/Lf

1. TRENCH CONDITIONS:
DEAD LOAD <DL ¢ Fg. #4=32;
Mimimum Trernch Width = 3.46 Ft
Compute the transition width for trench loading = positive
orojecting loading using Fig. #4.11, page 4-17,

rad * p o= Settlement #* ProjJection ratio = 0.7

H/d = Meight of cover / diameter = 4, 3

o o= Load coeficient, positive projection = 7.73
Try Transiticn Width (tw) = 4,91 Ft

Jo= f¥kut EH/tw o= 0.8z

gry = (l-pxp(-i)0¥tw™2/ C2%kn) ~Oosd ™2 = 0,00
Design Width (b) = 4.91 Ft

Cd = (l-exp(-Z¥ku’¥H/bid /28w’ ) = 1.46E

Dl = Cd % w % bB™2 = 4,921 Lbhs/Lf
TOTAL LOAD <(TL:

Tl. = LL + DL = 5,085 Lhs/lf
MINIMUM REQUIREDR FIFPE STRENGTH (4-£7 «~ 4-&d):

Safety Factor (8F) = 1
Bedding Factor (RF) = 1.9
D~L.OAD = TL / BF # &SF / (D/A1ZY = 1,800 Lbs/Lf/Dia.Ft.



l 2. FDSITIVE FROJECTION CONDITIONS (4-132, «4-170:
DEAD L.OAD (DL:
H/d = 4. 94
. Do o= load coeficient, positive projection = 7.78
l; Dl. = Oc * w * d™@ = 4,921 Lbs/Lf
: TOTAL LOAD (TLo): ’
TL = LL + DL = 5,085 Lbs/Lf
|' MINIMUM REQUIRED FIFE STRENGTH (4-67 ~ 4-6£8)
Safety Factor (5F) = 1
Load Factor CLF): (pg 4-63 - 4-64)
: LF = 1.431/(N-xqg)
l.: Where: No= 0.707
¥ o= 0.638
. q = pE/CzdH/dyp/s/2) = 0,22
l LF = 2594
i D-Load = TL / LF* 8F / (D/12) = 1,380 Lbe/Lf/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

D~l.oad = 1,800 Lbhs/Lf/Dia.Ft.
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9TH STREET MAJOR TRUNE STORM SEWER Er3037
CONNECTOR FIPE CALCULATIONS 7S22/ T
LOADING ON RIGID CONCRETE FPIFES. BIF /KM
FE: Concrete Fipe Handbook, ACPA, 1988, Chapter 4.
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INFUT DATA:
FIFE RECORD NO. -

Lowation: S5TA 43+00
Fipe material: rop
Internal Fipe diameter (D): 18 In
Wall thickness: 2.7% In
Dutside Diameter (di: 2.13 Ft
Height of Cover (H): 11 Ft
Coefficient of Friction (u) 0.6
Eus 0. 1924

| a.382
Settlement Ratioc (rsdi: G.7
Projection Ratio (p) = 1

S0il density (wi: 140 FPof
Trench Bedding Factor (Bf): 1.9

Load Factor Farameters: Ns Q. 707
] 0.638

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)(FPg. 4-38 - 4-43):
Critical HS-20 loading configuration.
F = Pgint load = 48, Q00 Lbs
IF = Impact factor = ‘ 1
L = Length of plane = 24,08 Ft
W = Width of plane = 24,92 Ft
Favg = Average pressuwre acting on plane
=P #® IF / W / L. = B0 Fsf
g = Effective width = 2.13 Ft
Active weight on pipe = Pavg ¥ L ® s = 4,103 Lbs

Wt =
le = Effective supporting length of pipe
= Lo+ 1.75 % (.75 % d) = , 26.87 Ft
LL = Wt / Le = 58 Lbs/LTf

1. TRENCH CONDITIONS:
DEAD LOAD (DLY ¢ Fg. #-<4):
Mimimum Trernch Width = S.4& Ft

Compute the transition width for trench loading = positive
projecting loading wusing Fig. 4.11, page 4-17,

red * p = Bettlemsent % Projecticon ratio = 0.7
H/d = Height of cover / diameter = 5.18
Croo o= Load coeficient, positive projection = 8.19
Try Transition Width (twiy = .97 Ft
J o= Zekut*¥H/tw = 0. 85
grr = (l=-exp(~jidixtw™2/ (2sku) ~Doxe™n = Q.00
Design Width (h) = 4.97 Ft
Cd = (l-egxp(-Zku? #H/BY) /028wy o= 1.49
DL = Cd % w % bh™5% = 5,155 Lbs/Lf

TOTAL LOAD (TL):
TL = LL + DL = S, 208 Lbs/lf
MINIMUM REEQUIREDR FIFE STRENGTH (4-67 ~ 4-223:
Bafety Factor (8F) = 1
Bedding Factor (RBF) = .o
D-L0AD = TL / BF % 8F / (D/12) = 1,900 Lbhsslf/Dia.Ft.
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2. POSITIVE PROJECTION CONDITIONG ¢4~12, <4-170: s
DEAD LOAD <¢DLY: .
H/d = ’ 5.18
o o= Load coeficient, positive projection = 8.18
DL = Dz % w # d™2 = 5,155 Lbs/Lf
TOTAL LOAD (TL):
TL = LL + DL = 5, 308
MINIMUM REQUIRED PIFE STRENGTH (4-67 - 4-68)
Safety Factor (SF) = 1
Load Factor (LF): (pag 4-63 - 4-64)
LF = 1.421/(N-xq?
Where: N o= 0,707
% - 0,638
a pkl/Co (H/dyp/2) Q.22
LF = 2.53
D-Lmad = TL 7/ LF* SF / (D/12) = 1,400 Lbs/Lf/Dia.Ft.
For design use the greater of D-Loads for trench and positive
projecting conditions,

bs/Lf

-~

i

i
|1

D-licad = Lbesl.f/Dia.Ft.
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9TH STREET MAJOR TRUNE STOREM SEWER
CONNECTOR FIPE CALCULATIONS
LOADING ON RIGID COMIRETE FPIPES.
FE: Concrete Pipe Handboaok

¥

INPUT DATA~
FIFE REZORD NO. &
Location: CBTA E7+00
Fipe material: rop
Internal Pipe diameteyr (Di: 15
Wall thickrness: 3.5
Outside Diameter (d): 1.83
Height of Cover (Hi: 12.5
Coafficient of Friction fuy @ Q.6
ke Q. 1924
ko 0,322
Settlement Ratio (redi: 0.7
Frojection Ratio (p) = 1
Soil density (wh: 140G
Trench Redding Factor (RBf): 1.3
Load Factor Parameters: N2 0,707
% 0O, 638

Safety Factor (8F): !

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)(Pg.

Critical HS-20 loading configuration.

F o= Point load =

IF = Impact factor =

L = Length of plane =

W = Nidth of plane =

Fa = Average pr@ eure acting on plane
= F % IF /(W % )

z = Effective width =

Wt = Active weight on pipe = Pavg % L % 5 = *@‘*@

Effective supporting lenath of pipe
Lo+ 1.79 % (.75 # d)y =
Wt / Le =

Le

i

LL

1. TEENCH CONDITIONS:

DEAD LOAD «<DL) ¢ Pg. 4-4);
Mimimum Trench Width =
Compute the transition width for trench loading
projecting loading uwsing Fig. 4.11, page 4-17,

red ® p o= Settlement # Frojection ratio =

H/d = Height of cover ¢/ diameter =

Coo= Load coeficient, positive prodection

Ty 1runvlt3nw Width (tw) =

Jo= ZEbku? #H/tw ==
err = (l-gup(-ji)rxtw™2/ {2

Design Width (h) =
Cd = (1- evmf"‘*lu ®HRDYCE
DL = Cd % w % b2 =
TOTAL LOAD (TLo:

TL = LL + DL =
MINIMUM EREQUIRED PIPE

Safety Factor (&SF) =

Bedding Factaor (BF) =

D-L.OAD = TL / RF + &F (DALY =

CE ) e g =

R fu? ) o=

STREMETH (487 -~ -G8

ACFA, 1988, Chapter 4.

ER3B097

4=3E ~ =330

48, 000 Lbs
1
26,70 Ftl
27.54 Ft

e
£S Psf

1.82 Ft &2
w177 Lbs

29,11 Ft
109 Lbs/Lf

3.17 Ft

F pij&?.it iwves

-y

0.7
6. 85
10, 74
4,64 Ft
1. 04
0L 00
4,64 Ft
1.68
5,054 Lbs/Lf

3 Lbs/sLAf

1.9

200 Lhe/Lf/DiaJFt.
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T, FOSITIVE FREOJECTION CONDITIONS (d~132, &-170:
DEAD LOAD <DL
H/d = £.82
Co = Lead coeficient, positive projection = 10,74
DL o= Lo % w % ™2 = 5,054 Lbs/Lf
TOTAL LOAD C(TLD:
T = LL o+ DL = 5,163 Lbs/Lf
MINIMUM REQUIRED FIFE STRENGTH (4~67 -~ 4-&8)
Safety Factor (8F) = q
Load Factor (LFI: (pg 4-E2 ~ 4-E4)
LF = 1.421/(N-%qg)
Where: N = 0,707
0. 638

g = pk/CciH/d+p/2) = 0.2

LF = e
D-Load = TL / LF* SF / (D/12) = 1,650 Lbs/Lf/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditions,

D-Lisad = 2y 200 Lbs/l.f/Dia.Ft.
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ITH STREET MAJOR TRUNE STORM SEWER . ER32037
CONNECTOR FIFE CALCULATIONS TLEZ/3]
LOADING ON RIGID CONCRETE FIFES. BJIF/EM
pe Handbook, ATFA, 1988,
INFUT DATA:
FIFE RECORD NQO.
Location: STa 36+65, 45FRT
Fipe material: oD
Internal FPipe diameter (D): 15 In
Wall thickness: 2.5 Inm
Outside Diameter (di: 1.82 Ft
Height of Cover (H): 14.5 Ft
Coefficient of Friction W) @ 0.6
ks O.1924
Eos 0.32
Settlement Eatio (rsdl: 0.7
Frojection Ratio (py = 1
Soil density (wi: 140 Fof
Trench Bedding Factor (EBf): 1.9
Load Factor Parameters: N 0.707
W 0.6328

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL)(Fg. 4-38 - 4-430:
Critical HS5-20 laoading configuraticon.
F = Foint load = 48, 000 Lbs
IF = Impact factor = 1

30.20 Ft

L. = Length of plane =
W = Width of plane = 21.04 Ft

Favg = Average pressure acting on plane
=F ® IF /7 W/ L = 51 FPsf
g = Effective width = 1.82 Ft
Wt = Active weight on pipe = Favg ® L % & = 2,819 Lbs
Le = Effective supporting length of pipe
= Lo+ 1,79 % (.75 % d) o= 2.
LL = Wt / Le
1. TERENCH CONDITIONS:
DEAD LOAD (DLY ¢ Fg. <)
Mimimum Trench Width = 3.17 Ft
Compute the transition widbth for trench loading = positive
projecting loading using Fig. 4.11, page 4-17,
red ¥ p = Settlement * Frojection ratic =
H/cd = Height of cover / diameter =
Ce o= Load cosficient, positive projection =
Try Transition Width (tw) =
J o= Gkt ¥H/tw o=
prv = (l-@upi—ir)¥tw 2/ (3¥kud~Coxd™2 =
Decign Width (b) =
D o= (l-epxp(-2xbat#HR) )/ Ikt ) o= ;
DL = Cd % w % b2 = S9,.862 Lbs/lt
TOTAL LOAD <TL:
TL = L + DL = 5948 Lbhe/l T
MINIMUM REGUIRED FIFE STRENGTH (4-£7 - 4-£801:
Safety Factor (BF) = 1
Bedding Factor (BF1 = 1.9
D-.0AD = TL /7 BF % SF / (D/12) = SLESD Lbes/lf/DiadFt.
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>, POSITIVE FROJECTION CONDITIONS d4-12, &-170:
DEAD L.O0AD (DL.3: .
H/d = 7.3l

Co = Load coeficient, positive projsction = 2.46
DL o= O % w % (™2 = 5,862 Lbs/Lf

TOTAL LOAD ¢TLD:
T = LL -+ DL = O, 948 Lbs/Lf

MINIMUM REQUIRED FIFE STRENGTH (4-87 -~ 4-£8)
Safety Factor (BF) = 1
Load Factor (LFI: (pg 463 — 4-£40
LF = 1.431/ (N—-xg)
Where: N = 0,707
0,638

pk/Co (H/d+p/2) = Q.2

a
LF = 2052

D-Load = TL / LF* 8F / <D/12) = 1,900 Lbs/Lf/Dia.Ft.

For design use the greater of D-Loads for trench and positive
projecting conditiones,

I

D~Load = 2y, 550 Lbs/Lf/Dia.Ft.

¢ 7
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STH STREET MAJOR TRUNE STORM SEWER FE3097

CONNECTOR FIFE CALCULATIDNG 722

LOADING ON RIGID CONCRETE FPIFES. BJIF/7EM

FE: Concrete Pipe Handboolk, ACFA, 1988, Chapter 4.

INFUT DATA:
FIFE EECORD ND. 8
Location: STA 2&+2
Fipe material: rop
Internal Fipe diameter (D): 1% In
Wall thickness: )
Outside Diameter (d): 1
Height of Cover (H): , 14.8 Ft
Coefficient of Friction (W) 0.6
Euwe 0. 1924

F:. : Q.3

Settlement Ratic (rsd): 0.7
Frojection Ratic (p) = 1
il density (wh: 140 Fof
Trench Bedding Factor (Bf): 1.9
Load Factor Parameters: Ni 0,707
W 0.638
Safety Factor (SF): 1
LIVE LLOAD ON EFFECTIVE FLANE AT TOF OF FIPE (LL)Y(Fg. 4-38 — 4-430:
Critical HS-20 loading configuration.
F o= Point load = 48, 000 Lbs
IF = Impact factor = 1
L = Length of plane = 0,20 Ft
W = Width of plane = 21.04 Ft
FPavg = Average pressure acting on plane
=P % IF / W / L = 51 Psf
g = Effective width = 1.88 Ft
Wt Active weight on pipe = Favg % L. ® g = 2,819 Lbs
L.e Effective supporting length of pipe
L+ 1.75 % (.78 % d) = J2.61 Ft
Wt / Le = 86 Lbs/s/lf

I I I

LL
1. TRENCH CONDITIONS:
DEAD LOAD DL ¢ Pg. 4-di:
Mimimum Trench Width = 3.17 Ft
Compute the transition width for trench loading = poeitive
projecting loading using Fig. 4.11, page <417,
rad % p o= Settlement # Frojection ratio = 0.7
H/d = Height of cover / diameter = 7.9
T o= Load coeficient, positive praojection = 12,46
Try Tramnsiticon Width otw) = 4,86 Ft
J o= 2¥kutEH/tw = 1015
ary = (le-eupi—jiretetR/02%khud-Dosd ™D o= O. 00
Design Width (b)) = 4086 Ft
Cd = (l-eup(~Z¥ku! ®#H/h) /0 2x5kaT Y = 1.77
DL = Od % w % b2 = S,862 Lbhs/Lf

TOTAL LO&D <TLY:
TL = L+ DL = : 5,948 Lhs/LT
MINIMUM REQUIRED FIFE STRENGTH (3-67 - O-EE):
Safety Factor (8F) = 1
RBedding Factor (BF) = 1.9
D-1.0AD = TL / BF = &F / (D/12) = 2,550 Lbe/Lf/Dia Ft.

T
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Z. POSITIVE PROJECTION CONDITIONS (4-12, 4-170:
DEAD LOAD (DL.Y+

Hsd = 7.1
Lo o= Load coeficient, positive projection = 12,46
DL = [ # w % d™2 = S, 862 Lbhs/Lf

TOTAL LOAD (Tl

TL = LL + DL = 5,948 Lbs/Lf
MINIMUM REQUIRED PIFE STRENGTH (4-&7 - 4-68)
Safety Factor (8F) = 1
Load Factor (LFD): (pg 4-63 — 4-64)
LF = 1.431/(N—~xgl
Where: N o= : 0,707
w o= 0,528
q = pkE/Co(H/dep/2y = 0,32
LF = 2.5
D-Load = TL / LF* 8F / (D/12) = 1,900 Lbs/Lf/DiacFt.

For design use the greater of D-Loads for trench and positive
projecting conditions,

D-Load = 2, 550 Lbs/Lf/Dia.Ft.




ITH STEEET MAJOR TRUNE STORM SEWER
CONNECTOR PIFE CALCULATIONG
LOADING ON RIGID CONCRETE FIFES.
FE: Concrete Fipe Handbaak,

LIVE LOAD ON EFFECTIVE FLANE AT TOF
Critical HS8-20 loading
Fo= Foint load =
IF = Impact factor =
L = Length of plane =

= Width of plane =
Wq% Favg = Average pressure
=F * IF /(W X L)=

Effective width =

configurati

l INFUT DATA:
FIFE RECORD NO. ]
l: Location: ST 30+80
: Fipe material: rop
Internal Fipe diamgeter oD): 15 In
: Wall thickness: 2.8 In
'; Outside Diameter (di: 1.83 Ft
‘ Height of Cover (H): 9.5 Ft
. Coefficient of Friction (uwr 3 0.6
i|§ Fus 0. 1924
H IO .32
Settlement Ratic (rsdd: Q.7
: Frojection Ratio (p) o= 1
I? Soil density (w): 140 Pt o =
Trench Bedding Factore (Hf): 1.9
Load Factor Farameters:  Na 0. 707
‘ %3 LE38
' Safety Factor (S5F): 1

acting on

S:ﬁ:

Wt = Active weight on pipe = Favg

Le = Effective supporting length o
= Lo+ 1,75 % (.75 % d) o=

Ll = Wt / L.e =

1. TRENCH CONDITIONS:
DEAD LOAD <DLY ¢ Fg. <4-0:
Mimimum Trench Width =
Compute the transition width for
projecting loading using Fig. 4.1
red ¥ p o= Settlement #* Projecti
Hid = Height of
e o= Load coeficient,
Try TrdHC1t14n Width
2kt #H by =
ery = (l-@xpi-i)rstw™z
Design Width (h) =
Cd o= (le-exp (~I%¥kut ¥H A0
DL o= g % w % boi
TOTaAL LOAD (TLy:
TL = LL + DL =
MINIMUM REQUIRED
Safety Factor
Bedding Factor (BF) =
D-l.0AaD = TL / BF % &F / (D/I1Z

é?

prrsneiy

positive
Ctw) =
g o=

SUEEREW

RIS 3 SRR

FIFE STRENGTH (4

COFY m

WPPQ 19¢€

cover / diameter

OF FIFE
[ i O

plane

* Loo#® =
f pipe

trench 1
1, page
o ratio

projec

R I T RRE

~E7 -

cLL.ycrPg. 4

oading
4-17,

tion =

TOO Lhae/l

EES0E7

FIL2/91

BJIF/EM

-3 - A3

A48, OO0
1
21,

hh.hj

100
1.83
3, F2E

2. 86
165

2.17

positive

0.7
Sl 18
8. 16
4, 2
0, B85

0, 00

4.29 F

=

3, 841

e . YO

1.
f/

E_hl,j_l-—‘

Lbrg
Ft
Ft

ot
Ft
l.bs

Ft
Lbs/Lf

Ft

Ft

Via. .
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Z. FRSITIVE PROJECTION COMDITIONS (4-12, 4170

DEAD LOAD <DL
H/d =
Co o= Load coeficient, positive projection =
DL = Co % w * g™ =
TOTAL. LOAD (TLo:
TL = LL + DL =
MINIMUM REQUIRED FIFE STRENGTH (467 - 4-£8)
Safety Factor (SF) = 1
Load Factor (LFI: (pg 4-63 — 4-£40

LF = 1,431/ (N—%gd

Where: N o=

q

0,707

Q.2

R

pE/Coc (H/d+p/2) =

e sd

1,300

LF =
D-Load = TL / LF* SF / (D/12) =

0.:638

S.18
8.16
2841 Lbs/Lf

4,006 Lbs/Lf

Lbs/LLf/Dia.Ft.

For design use the greater of D-loads for trench and positive

projecting conditions,

Lbs/Lf/Dia.Ft.
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STH STREET MAJOR TREUNE STORM GEWER CEz0a7
CONMEZTOR FIFPE CALCULATIONS Tr2R/91
LOADING ON RIGID CONCRETE FIFES. RJIF/EM

FE: Concrete Fipe Handboolk, ACPA, 1988, Chapter 4.

INFUT DATA:
FIFE RECOED NO. : 10
Location: STE 2E+0Q0
Pipe material: rop
Internal Fipe diameter (D): 15 Inm
Wall thickness: 2.8 Inm
Outside Diameter (di: 1.83 Ft
Height of Cover (H): - - 11 F%t
Coefficient of Friction C(u) @ 0.6
[AEH : Q. 1924
B 0,22
Settlement Ratioc (redl: 0.7
Frojection REatio (p) o= 1
Sail density (woi: 140 Fof
Trench Redding Facter (RBf): 1.3
Load Factor FParameters: Nz Q0.707

. e N
w2 L A

LIVE LOAD ON EFFECTIVE FLANE AT TOF OF PIFE (LL)(Fg. 4-38 - 4-43);:
Critical HS-20 loading configuration.
F o= Poaint load = g, 000 Lbs
IF = Impact factor = 1
L = Length of plane = 24,08 Ft
W= Width of plane = o9z FE
Favg = Average pressure acting om plans
=F ® IF /7 W/ L = 80 Fsf
g = Effective width = 1.83 Ft
Active weight on pipe = Favg * L % 5 = 3,525 Lbs
Effective supporting length of pipe
Lo+ 1.78 % (.75 % d)y = 26.49 Ft
Wt 7/ Le = 33 Lba/Lf

Y
i

HH

LL
1. TREENCH CONDITIONS:
DEAD LOAD <DL.» ¢ Pg. &-—dd:
Mimimum Trench Width = 2,17 Ft
Compute the trangition width for trench loading = poositive
projecting loading ueing Fig. <4.11, page 4-17,
red ¥ p o= Settlement * Projection vatio = 0.7
H/d = HMeight of cover / diameter = £, DD
o= Load coeficient, positive projection = DS
Try Transition Width (tw) = 4,47 Ft
J o= I=butEH tw o= Q.=
err = (le@xp(-dristw R/ 0k O o= 0,00
Design Width (b)) = 4,47 Ft
Cd o= (leexp (2% #HA) D /A0250QT Y = 1.89
Dl = Cd % w % h™d = 4,447 Lbhs/Lf
TOTAL LOAD ¢TL):
TL = LL + DL = A, B0 Lheslf
MINIMUM EEQUIRED FIFE STRENGTH (467 - 4-53):
Safety Factor (BF) =
Redding Factor (RBF) = 1.4
D~L.OAD = TL / BF % GF /7 (D/132) = 1,980 Lbha/Lf/Dia Ft.

0
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2. POSITIVE FPROJECTION CONDITIONS (4-12, 41702
DEAD L.OAD <DL
H/d = Era 20
Lo = Load coeficient, positive projection = EP b
DL = D¢ % w % d™3 = d,A447 Lhs/Lf
TOTAL L.OAD CTL): '
TL = LL + DL = 4, 580 Lbass/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-£7 -~ 4--£8)
Safety Factor (8F) = 1
Load Factor (LF: (pg 4-63 — -6
LF = 1.431/(N~xqg3
0,707

Where: N =
: K o= : 0.638
q = pE/CociH/d+p/2) = 0. 22
LF = 2.53

D-Load = TL / LF% SF / <D/12) = 1,800 Lbs/Lf/Dia.Ft.
For design use the greater of D-Loads for trench and positive
projecting conditions,

D-Load = 1, Lbs/lfsDiacFt.

~lo



ITH STREET MAJOR TRUNE SETORM SEWER
CONNECTOR FIFE CALCULATIONS

LOADINMNG ON RIGID CONCRETE FIFES.

RE: Concrete Fipe Handbook G988, Chapter <.

INFUT DATA:
FIFE RECORD NO. _ 11
Location: 5TA 21+40
Fipe material: o
Internal Fipe diameter (Di: S In
Wall thickness: 2.5 Im
Quteide Diameter (di: 1.832 Ft
Height of Cover (H): 10 Ft
Coefficient of Friction (ud 0.6
Eue 0. 1924
|

0.322
Settlement REatic (rsdd: 0.7
Froajection Ratio (p) = 1
Soil density (wd: 140
Trench Bedding Factor (Rfi: 1.9
Load Factor Parameters: MN:

o f

Q. 707
¥ 0.638 -

ER2097
7/EnS
BJIF/EM

LIVE LOAD ON EFFECTIVE FPLANE AT TOF DF FIFE (LLI(Fg. 4-C

Critical HE-20 leading caonfiguration.
Fo= Point load =
IF = Impact factor =
L = Length of plane =
W = Width of plane =
Favg = Average pressure acting on
=P o IF / W / L =
2 = Effective width =
Active weight on pipe = FPavg * L % & =
Effective supporting length of pipe
e + 1.7 # .75 % d)y =
LL Wt 7 Le =
1. TEENCH CONDITIONS:
DEAD LOAD <DL3 ¢ Fg. <4-49):
Mimimum Trench Width =
Compute the transition width for ftrench
projecting loading using Fig. 4.11, page «4~17,
rad ¥ p o= SBettlement % Projection ratio =
H/d = Height of cover /7 diameter =
Cooow Load coeficient, positive projection
Try Transition Width (twd =
Jom 2¥kuteH/tw
grvy = (l=-egwp(—~3i)1xtw™2/ (Z¥lkud Do o=
Design Width <h) =
Cd o= (l-@wp{-Z¥ku? *H/b32/(2%lu? ) =
Di. = Cd % w % kb™a =
TOTAL LO&D (Tl
T = LL + DL =
MINIMUM REQUIRED
Safety Factor
Bedding Factor (BF) =
D-L.0AD = TL / BF % &F

olane

—
M e
L B I

FIFE STRENGTH O4-87 - 4580

Loy =

(D12 =

loading = posl

48, 000
1
SETeooany
Gov e W A )

23.17

T}

e

i )
L s )

3, 8OO

24, 74

154

LR Sl
83.99
4,25
Q.88
O OO
. 325
1.83

4, 043
4,197

1

D]
& o

Lbs

Ft
Ft

Fsf
Ft
L.be

Ft
Lbs/Lf

Ft

Ft

Ft

Lbe/lLf

Lbhg /L f

1,800 Lba/Lf/Dia.Ft.
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2. POSITIVE FEDJECTION CONDITIONS <412, 4170

DEAD LOAD (DL):
H/d = S.aE
Coo o= Load coeficient, positive projsction 8.59
DLo= O % w % g™ = 4,043 Lbs/Lf
TOTAL LOAD (TL:
TL = LL + DL = 4,197 Lbe/Lf
MINIMUM REQUIRED FIFE STRENGTH (4-67 - 4-£8)
SBafety Factor (SF) = 1
Load Factor CLF): fpg 94-63 — 4-&4)
LF = 1,431/ (N-xqg?
Where: N o= 0, 707
0. 6538

g = pE/CoiH/d+p/2) = 0,22

LF = PRI

D-load = TL / LF* SF / (D/712) = 1,380 Lbs/Lf/Dia.Ft.

Ao worer 1ores aamin e1ons D Gram Sesid St BRR SeLeE SAS oot Shvm Smey Mo SeASe Soam et Sheit $ob Cabin $O00S Sheee oo ehem

For design use the greater of D-boads for trench and positive
projecting conditions,

Lhs/Lf/Dia.Ft.
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STH STREET MAJOR TRUNE STORM SEWER ErE097
CONNECTOR FPIPE CALCULATIONS TAE2/91
LOADING ON RIGID CONDRETE FIFES. EJF/EM

INFUT DATA:

FPIFE RECORD NO. 12
Location: STA 12+60
Fipe material: vop
Internal Fipe diameter (D): 135 In
Wall thickness: 2.5 In
Outside Diameter (dy: 1.82 Ft
Height of Cover (H): 11 Ft
Coefficient of Friction (w) @ Q.6
ke 0. 1924
Eo: 0.32
Settlement Ratio (rsdi: : 0.7
Projection Ratio (p) = 1
Scil density (wi: 140 Pof
Trench Bedding Factor (Bf): 1.9
Load Factor Parameters:  N: 0.707

wi 0. 6328

LIVE LDAD ON EFFECTIVE FLANE AT TOF OF FIFE (LL){Pg. 4-38 -~ 4-43):
Critical HS-20 loading configuration.
F = Foint load = A48, 000 Lbhs
IF = Impact factor = 1
L Length of plane = 24,08 Ft
W Width of plane = 24,92 Ft
Pavg = Average pressure acting on plane _
= F % IF /7 W/ L = 80 Fsf
= Effective width = 1.82 Ft
Active weight on pipe = Favg % L % g = 2,528 Lbs
Effective supporting length of pipe
Lo+ 1.75 % (.73 % d) = 2649 Ft
Wt / Le = 38 Lbh=s/Lf

]

=

=
ot

l.er

ool

L
1. TEENCH CONDITIONS:
DEAD LOAD (DLY ¢ FPg. -0
Mimimum Trench Width = 3.17 Ft
Compute the transition width for trench loading = positive
projecting loading using Fig. 4.11, page 417,
red # p o= Settlement # FProjection ratic = 0.7
H/d = Height of cover / diameter = &.00
Ci o= Load coeficient, positive projechtion = EP: bt
Try Transition Widbth (tw) = 4,47 Fg
J o= 2¥kut #H bW o= 0.5
@ry = (l-expi-jristw 2/ (Zebud-~Coxd™2 = 0, 00
Design Width ¢h) = ‘ 4,47 Ft
Cd = (l-expO-2hu? M) A028k0t Yy o= .59
DL = Cd % w % bh"Z = 4,447 Lbhs/Lf
TOTAL LOAD (TL):
TL = LL + DL = 4,580 Lbsslf
MINIMUM REQUIRED PIFE STREMGTH (487 - @520
Safety Factor (8F) =
Bedding Factor (BF) = 1.
D-LOAD = TL / BF = SF / (D/12) = 1,920 Lbha/lf/Dia.Ft.

R
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Z. PDSITIVE FROJECTION CONDITIONS (4-12. 4-170:
DEAD LOAD <DLy
H/c = &
Coo= Load coeficient, positive projection = )
DL = o % w % ™2 = y ot
TOTAL LOAD (TLi:
TL = LL + DL = 4,880 Lbe/Lf
MINIMUM REQUIRED FIFE STREEMETH (4-&7 - 4-£8)
Safety Factor (BF) = i
Limad Factoe (LF 3 {tpg 4-63 — 4-64)
LF = 1.431/(N-xqg)
Where: N =
q pEACo (H dvp /2 = 0,22
LF = 2.83
D~lcad = TL / LF% 5F / (D/1Z2) = 1,500 Lbs/Lf/Dia.Ft.
For design use the greater of D-Loads for trench and positive
projecting conditions,

WY

B L

~3 i

.

Lbs/lLf

0,707

0,638

oo i

D~-Lcad = 1,950 Lhs/Lf/Dia.Ft.

N



Ith Street EK3097
crrugated Metal FPipe 7/168/91
gtructural Design BJIF /KM
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Re: Harndbook of Steel Drainage and Highway Canstructicrn Froducts,
l Anerican and Steel Institute, 1983, Chapter 3, Fages 939-124.
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Site cornditions,

' FIFE RECORD NUMBER: 1
LOCATION: 5TA 13+50
d = Fipe diameter = 102 in
! h = Height of cover = 3 ft
l w = Weight of soil == 140 pcf
bsd = Rackfill scil dernsity (RAASHTO specified) = 95 %
pH = pH of scil ernvirorment = 7.8
' R = 8Bail resistivity = 3350 chim=cim

Y te oo ey o S e S S840 o et b [rmp——— [V o Sl bt Souts 500 Saom i Sbni Syans ek Srvts St St Vo mons s oo et b So00e

Compute dead laad,
DL = Dead locad = h % w = 1260 psf
jJCompute live load,
Live lcad onm effective plane at top of pipe (LL)Y fram
Corcrete Pipe Handbook, acpa, 1988, pn 4-38 —~ 4333
Critical HS—-20 loading configuraticon:

( L0200 for field assembled pipe.

P = Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Flare = =20. 58 ft
W = Width of Plane a= 21.42 ft
FPavn = Average Pressure Acting on Plane
= B % IF / W / L = 103 psf
LL = Live lcad = 109 psf
Ccmpute the design load,
pv = Desigwn pressure = DL + LL = 1369 psf
l“tr‘uctur‘e desigr,
s = Span = d/Sf12 = 8.5 ft
c = Ring compressicon = pv #* s/2 = 5818 ppf
k = Load factor = .65
l r = Radius of gyraticn from Table 1-4, page 42 irs
' fo = Allowable wall stress from Figure 3-8, page 105 psi
- a = Wall section area = co/fc int2/ft
t = Thickness from Table 3-2, page 107 irs
' I = Momernt of imertia from Table 3-2, page 107 i 4/t
E = Modulus of elasicity SE+QO7  lb/in™2
' ff = Flexibility Ffactowr = d"2/E/I%12 ( 0433 for factory made pipe.
1
':c-r*r‘ugatlc-n i dsr feo a t I ff
(i) (ive) {(psil (irm™2/Ft) {ired (iv™a/ft)
i/gxl/é Q. 080 1278 2333 e H594 0. 168 O, QZ0 0. 21
2Zx1/2 . 170 &00 10534 Q. 552 0. O5E 0,018 O. 226 J7o00
2/301/8 0. 172 593 10784 Q. 540 Q. 052 0.018 0.231 ’054’
x 1 Q. 344 =37 ZEE91 O, 230 0. 034 0. 051 0. 081
x 1 0. 368 =277 25385 Q. 229 0. VE4 0. 106 e 039V
K 2 t. 588 148 253385 O.Ed@ 0. 109 TES U.UUS~’

hutw I’U g
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= Miwviimum thickness for strength = 0. 064 inm

thickrness for a&a 7S3-yeasr first perforaticrn or 1/2 average 1life,

= Yearsg for first perfaoraticon = = 75
= Years for average life = 2 % Y = 150
= pH of scil ernvirorment = 7.8
= 8cil resistivity == 3350 chm—om

Years for average life for t=.052 in.
27.58% (lag(R) ~1lag(2160-2430%1lag{pH)}) for pH (= 7.3

= 2.94 * R™. 41, pH)7.3 = az years

= Adjustment factor reqguired = y / yl = 1.83
Adjustmert Factor Used : PP
Corresponding ti 0. 109 ivie

£, For &rzﬂyﬂ— T 0,00y o

Z—Im/}p /;f‘ aarfosla;\, = O . /09

L ')émuu /‘df ﬁ((S(?N = O~/07 M ‘:? /2, i"f""
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9tk Street
crrugated Metal Pipe
tructural Design

E
7/
E

K3037
18/91
JF /KM

e: Handbook of Steel Draimane anmd Highway Conmstructicorn Products,
l American and Steel Institute, 1983, Chapter 3, PFages 99-124.
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Site conditionrs,
J FIFE RECORD NUMEER:

fa

j LOCATION: STA 18+30
d = FPipe diameter = 102 in
1 h = Height of cover = 3 ft
} w = Weight of sail = 140 pof
bsd = Backfill scil density {(AASHTO specified) = 95 %
pH = pH of scil envircrmernt == 7.8
'L R = Bcil resistivity == 3350 ahm—cn
Compute dead load,
DL = Dead lcad = h * w = 1260 psf
Compute live load,
Live load on effective plare at top of pipe (LL) from
. Comcrete Fipe Handbook, acpa, 1988, pg 4-38 - 4~-33:
l Critical HS-20 loading configuwratiorn:
g F = Point Laad = 48000 Lbs
IF = Impact Factor = 1
'} L = Length of Flare 20.58 ft
W = Width of Flane 21,42 ft
Pavg = Average Pressuwre Acting on Flane
= F % IF / W / L == 109 psf
l LL = Live load = 109 psf
Campute the design lcoad,
pv = Design pressure = DL+ LL = 1363 psf
.}!{»‘tructure design,
s = Span = d/1Z = 8.5 ft
c = Ring compressicn = pv ¥ s/2 = 5818 ppf
I k = Load factor = . 65
Ii r = Radius of gyraticm from Table 1-4, page 432 in
fo = Allowable wall stress from Figure 3-5, page 1035 psi
a = Wall secticrn area = co/fc im2sft
w t = Thickrness from Table 3-2, page 107 irs
I = Moament of inertia from Table 3-2, page 107 im4/ft
E = Madulus of elasicity SE+Q07  1b/in"E
.'.‘

i
- 020C

Flexibility factor = d™2/E/I%1Z2 ( L0433 far
{

L

WO Foa

sovrugatice ¢ d/r, fo & t
(iro) Cive (psi)  (ir™2/FE)  (ir)
|
I‘i—1 JEXL/4 0,080 1275 2333 E. 494 0. 168
w =1/ 0. 170 E0O0 10534 0. 552 0. 052
2-2/3x1/2  0.172 593 10784 0. 540 0. 052
EEER 0. 344 297 25291 0. 230 0. 034
l! 5 % 1 0. 368 =77 25385 0. 22 0. 064
& x & 0. 688 148 25385 0. 289 0. 109

factory made pipe.
field assembled pipe.

I

{in™4/ft)

0. 020
0. 018
0. 018
0. 051
0. 106
0. 725

£F

0. 212
0. 226
0. 231

0. 081

0,039

0. OOE Y

Teoe
lﬂ;‘*




= 0.064// in

t = Mirndimum thickrness for strength =

e

Select thickrness for a 75-year first perforation or 1/2 average life,

‘ Y = Years for first perforation = = 75
, y = Years for average life = & ® Y = 1580
l pH = pH of scil ervircrment = 7.8
: R = Bcil resistivity = 3350 chm—cm
yl = Years for average life for t=.082 in.
l = 27.58%(log(R)—-lag{(2160-2430%1lag(pH))) for pH (= 7.3
= 2,94 % R 41, pHX7.3 = az years
af = Adjustment factor reguired = y / yi = 1.83
Adjustment Factor Used : E.E'//
l Corvesponding t: 0. 103 ir.

Frerr, For dﬁzz¢7ﬁé = 0.aaﬂ/_4”;

A Sor Cerrosionn = O, /09 v

R aE N

S )éM/N /)0” 4451?;0 = O/9F9 aw '::———7 /2 fﬂ?’.l.,

. e M /Z /a?_‘,

S x 17 Oorru7¢fta}v
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Re: Hawrdbook of Steel Draimage and Highway Constructicn Products,
I" American and Steel Institute, 1983, Chapter 3, Fages 99-124.
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Site conditicis,
' FIFE RECORD NUMEER: 3
LOCATION: STA 23+45
d = Pipe diameter = 102
1 h = Height of caver = 10
l w = Weight of sacil = 140
bsd = Backfill scil denmsity (AASHTO specified) = 35
N pH = pH of scil ernvirormment = 3.2
l R = Saoil resistivity = 3930

Compute dead laad,

‘ DL = Dead lcad = h * w = 1400

Compute live laad,

Live lcad on effective plare at top of pipe
Corerete RPipe Hardbook, acpa, 1988,

Critical HB-20 laading configuratian:

(LL) Fycom
pg 4-38 -

P = Paint Load =
. IF = Impact Factor == 1
' L = Lerngth of Flane = 22. 33
W = Width of Flane = 23.17
Pavpg = Average Fresswe Acting on Flane
= F % IF / W / L = 33
' LL = Live lcad = 3
Compute the design laoad,
; pv = Design pressure = DL + LL == 1433
l':‘»tr‘ucture desigr,
s = Span = d/12 = 8.5
. c = Ring compressicrn = pv ¥ s/2 2= G344
kK = Load factor = 0. 65
' r = Radius of gyraticrm from Table 1-4, page 42
fo = Allowable wall stress from Figwre 3-8, page 105
\ a = Wall secticrn area = co/fc
t = Thickness from Table 3-2, page 107
I = Moment of imertia from Table 3-2, page 107
) E = Modulus of elasicity SE+Q7
ff = Flexibility factor = d*Z/E/I%12 ( .0433 foor Factory

acrrugaticon v d/v fo a t - I
Cired (i) {(psi) (irm™2/ft) (i) {im™a/ft)
~1/2x1/4 Q. 080 1275 2333 2. 780 . 158 Q0. 020
2Zx1/2 Q. 170 00 10534 Q. 602 0. 052 0. 018
—-2/3x1/2 . 172 593 10784 Q. 5688 0. 052 0.018
3 x 1 Q. 344 297 235231 0. 251 0. 034 O. 051
S x4 0. 368 =277 25585 Q. 250 Q. 064 . 106
& x =2 . 688 148 25385 Q. 250 . 1093 0. 725

irn
ft
pof
“%“

ahim-—cm

L.bs

ft
ft

psf
psf

psf

ft
ppf

in

psi

i/t

i1

ir™4/ft
Ib/in™2

made pilpe.
{ 00 feoorr field assembled pipe.

ff

Q.
Q.
0. 231
G. 081

o fo

[} =
mm

a. 033
0. 006 ¥

Joo
///‘74)



i
t = Mirndmum thickrness for strerngth = Q. 064/ i

lSelect thickness for a 75—-year first perforaticn or 1/2 average life,

Y = Years for first perforation = = 75
! y = Years for average life = & * Y = 150
l5 pH = pH of scil erviraornment = 3.2
) R = Scil resistivity = 3930 chim—cm
, yl = Years for average life for t=.032 ir.
l§ = 27.58%(1cg(R) -lag(2160-2430*%lcnl{pH))) fer pH (= 7.3
= Z.94 ¥ R™. 41, pH>7.3 = a8 years
af = Adjustment factor reguived = vy / vyl = 1.71
m Adjustment Factcr Used : F_'.E./
' Corresponding t: 0. 109 ir

oowem——
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Fth Street EK3037
Corrugated Metal Pipe 7/18/31
structural Design BIF /KM
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Re: Harndbook of Steel Drainage and Highway Construction Froducts,
l American arnd Steel Imstitute, 1983, Chapter 3, Fages 99-124.
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Site conditicns,

FIFE RECORD NUMEER: 14
LOCATION: 8TA 28+45.71, 33.89'RT
d = Pipe diameter = &6 1

% h = Height of cover == 11.5 ft
w = Weight of soil = 140 pef

bsd = Backfill socil dermsity (RAASHTD specified) = 95 #
1 pH = pH of s0il envirocrment = 3.2
l; R = Sail resistivity = 33930 chm—cm

Compute dead load,
DL = Dead locad = h % w == 1610 psf
ompute live laad,
Live load orn effective plane at top of pipe (L) from
Caricrete Pipe Harndbook, acpa, 13988, pg 4-38 - 4-33:

0

l; Critical HS-20 lcoadinmg conmfiguration:
‘ P = Paint Load = 48000 Lbs
IF = Impact Factor == 1
w L = Lemgth of Flarne = 24,35 Ft
W = Width of Flare = 25,73 ft
Favg = Average Fressure Actimg om Flane
! = % IF / W / L = 75 psf
' = Live lcaad = 75 psf
Compute the design load,
) pv = Desipgrn pressure = DL + (L = 1685 psf
I‘Structur‘e desigr,
= Gparn = d/12 = 5.5 ft
. = Rirg compression = pv ® s/2 x= 4633 ppf
I R = Load factor = 0. 65
r = Radius of gyration from Table 1-4, papge 42 in
fo = Allowable wall stress from Figure 3-~6, page 105 psi
i a = Wall secticnm area = coffc int&/ft
t = Thickness fraom Table 3-2, page 107 i
I = Momernt of inertia from Table 3-2, page 107 in4/ft
E = Modulus of elasicity SE+QT7  1b/in"2
f = Flexibility factor = d 2/E/1%12 0433 for factory made pipe.

-—h

<
( L0200 for field assembled pipe.

l.ur"r‘ugmt itor v d/r fo = t I ff
{ir) Cir) {ps=i) (ir2/ft) {ir) tiv™ 4/ )
l1 —-1/2%1/4 0. 080 azs 5372 0. 831 0. 073 0. 007 0. 286 Too
Zxi/z 0. 170 288 21378 O.217 0,034 0. 002 9685? ;hy
Z-2/3IRI/E 0.172 284 21595 0,215 O, 034 0.011 . 156
L3 x 1 0. 344 132 25385 0. 182 O, O34 SO. 081 U.Oa4b/
lj 5 x 1 0. 268 179 25385 0. 18% Q. 054 0. 1086 0,016«
6 x 2 0. 688 26 25385 0.182 0, 103 U.7¢b . QO
i



= Mirimum thickrness for strength = 0. 034 i

elect thickness for a 73—-yeayr first perforatiorn or 1/2 average life,

= Years for first perforation = = 75
y = Years for averapge life = & * Y = 150
pH = pH of scil ernvircrment = 9.2
R = Sail resistivity = 3930 chim—cm
yl = Years for average life for t=.082 ir.
= 27.58%(log(R)-1log{2160-2490%1lag{pH))) for pH (= 7.3
= 2.94 ¥ R*. 41, pHY7.3 = a8 years
af = Adjustmert facter requirved = y / yi = 1.71
Adjustment Factor Used 3 2.2
Correspanding t: - 1093 ivi.

0,03 <o

13}

Znerw, #2r Jieaauynéﬁ

j;uuiz for [)afrOS/o}u = 0./09 y

‘ot ,f; :
sten. Ao des. - O .
1P ./679.440 = /C?‘)7a7£‘_

S ’£Zbl /2 5”E¢%L

2" % 1" Ccrruga,.haw
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Fth Street
borrugated Metal Fipe
Btructural Design

EXKI037

7/

18/91

BJIF /7K

Re: Handboaok of Steel Drainage and Highway Constructiorn Fraducts,
' American and Steel Institute, 1983, Chapter 3, Fapges 5899-124.

Site conditions,

irs
ft
pef
v

chm—cm

ft
ft

psf

pef

ft
ppf

in
psi
inm™
in
™
1b

Z/ft

47 ft
SivtZ

factcoy made pipe.

l FIPE RECORD NUMEBER: S
LOCATION: . STA 31400
d = Pipe diameter = 114
{ h = Height of cover == 7.5
w = Weight of soil = 140
bsd = Backfill scil density {(AARSHTO specified) = 95
] pH = pH of scil ernvirornment = 9.3
'; R = Bail resistivity = 2440
Compute dead load,
' DL = Dead lcad = h * w = 1050
—ompute live load,
Live locad oarn effective plarne at top of pipe ((LL)Y from
i Corcrete Pipe Handbook, acpa, 1988, pg 4-38 — 4—-33:
l Critical HS—-20 loading conmfigwration:
F = Paint Load = 48Q00
. IF = Impact Factor = 1
w L = Length of Plarne = 17.95
W = Width of Flare = 18.79
. Favg = Average Pressure Beting on Flane
| = [ ® IF / W / L == 142
' LL = Live load = 142
Coampute the desigrn load,
: pv = Design pressure = DL + LL = 1132
.“tr‘uc:ture desigr,
s = Span = d/12 = 3.5
. c = Riwng coampressicn = pv ¥ s/2 = oEe3
Kk = Load factor = 0. 65
' v = Radius of gyraticrm from Table 1-4, pape 42
fo = Allowable wall stress from Figwe 3-6, page 1035
’ a = Wall secticrn area = c/fc
t = Thickrness from Table 3-2, pange 107
I = Momernt of irnertia from Table 3-Z, page 107
) E = Modulus of elasicity SE+0O7
' ff = Flexibility factor = d™2/E/I%12 ( L0432 for
| ¢ L0200 for

.

Corrugatice v d.s fo a t
{inr) i) {psi) (iv™2/F8) iy
li—l /2Zni/ 4 0. 080 1425 18&8 3. 032 0.1E8

Zx1/2 0. 170 671 8433 0. 672 0. 064
2-2/3x1/2 0. 172 6563 833 0. 656 0. 04
3 x 1 Q. 344 231 23926 0. 237 0. 034
S x 1 0. 368 310 24780 Q. =29 0. 064
& x 2 0. 688 166 5285 Q. 223 0. 103

field assembled pipe.

I
{irm™a/ft)

cNeNe
L3 £ ] L3
O
-
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t

l"Select thickress for a 78S-year first perforaticn o~ 1/2

Y

Y
pH
R
yl

af

Bnognnn Il

{1

Artin,

/é"nu

Miwmimum thickrness for strength

Years for first perforaticnm =

Years for average life = 2 % Y

pH of scil envirornment

Scil resistivity

Years for average life for t=.002 ir.
27.58%(log(R) —~1lag(Z160-2430%1cg (pH) })
2.94 % R 41, pHY7.3
Adjustmert factor required =
Adjustment Factor Used :
Corresponding b

y / vyl

0-/09’&4(

\

Ar  Stremgtt~

ﬂorfasm/u = 0.709 «w

A

= 0./07’44U

zsuA, fa’

desiguo

Mae 12 Fagr

G x 2z edf"t/yas‘zwu

H

B # i

it

for pH

o «

/

average life,
75
150
.3

2H40

0. 109 ir

chim—cm

(= 7.3
72

Z.08

fer
[y B ot

0. 1039

years

i Tiw

’2 yay,c_



Fth Street EXZ037
arrugated Metal Pipe 7/18/91
tructural Design BJIF /KM
e: Hardboock of Steel Drainage arnd Highway Comstructiorn Froducts,

' Americarn and Steel Institute, 1983, Chapter 3, FPages 99-124.
ite cornditions,
i FPIFE RECORD NUMERER: &
LOCATION: 8TA 37+50
d = fipe diameter = 114 in
h = Height of cover = 10.3 ft
w = Weight of scil = 140 pof
bsd = Backfill s«il dewmsity {(RASHTO specified) = 95 %
pH = pH of scil envircrment == 3.3
l R = Sacil resistivity = 2h40 chm—crm
Compute dead laad,
.: DL = Dead lcad = h * w = 1470 psf
cmpute live loaad,
lLive load on effective plare at top of pipe (LL) fram
i Corncrete Pipe Handbook, acpa, 1388, pg 4-368 - 4-33:
l Critical HE-20 lcading configuratica:
P = Paint Load = 48000 Lbs
. IF = Impact Factor = b
l L = Lerngth of Plare = 23.20 ft
W = Width of Flane = 24,04 Ft
, Favg = Average Fressure RActing on Flane
= B % IF / W / L == 86 psf
LL = Live laad = B psf

Compute the design load,

; pv = Desigr pressure = DL + LL = 1556 psf

}tructur‘e desigry

5 = Span = d/1Z = 3.5 ft
: o = Ring compressicn = pv % s/2 == 7391 ppf
k = Load factor = Q. 55
' r = Radius of gyraticn from Table 1-4, page 42 iv
foo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall sectior area = o/fc iwmE2/FE
. t = Thickrness from Table 3-2, page 107 v
I = Moment of irnertia from Table 3-2, page 107 int4/ft
| E = Modulus of elasicity SE+O7  1k/in™32
l ff = Flexibility factcocr = d™Z/E/I*12 ( L0433 foor factoory made pipe.
( L0200 for field assembled pipe.
'ch"r*ugat ionm  » d/r fo & t I ff
{ir) i) (psi) (im 2/ FL) i) {(ivm™ 4/ Tt)
|
l—i /ERI/ 4 Q. 080 1425 1868 3. 958 0. 168 Q. D20 0. 265
Zx1/2 Q. 170 &71 8433 0. 876 Q. 073 0. 023 0. 176
2-2/3x1/2 0.172 663 8633 . 856 0. 073 Q. 023 0. 181
3 x 1 Q. 344 331 23326 Q. 303 0. 034 0. 051 0. 101
i 5 x 1 0. 368 310 24780 0. 298 0. 064 0. 106 0. 043
\ & »n & 0. 688 166 25385 0. 231 0. 103 0. 725 0. Q07 &7

7oo
///74)



/

t = Mirnimum thickness for strerngth = 0. 103 in

elect thickness for a 75-year first perforaticn cr 1/2 averapge 1life,

Y = Years for first perforationm = = 75
y = Years for average life = 2 % Y = 150
pH = pH of sail ervirorimernt = 3.3
R = Boil resistivity = 2440 chm—cimn
vyl = Years for average life for t=.0528 ir.
= Z7.58¥(1lcg(R)-1ag(2160-2430%1ag(pH))) for pH (= 7.3
= Z.94 % R™. 41, pHY7.3 = 7 years
af = Adjustmert Factor required = y / yi = Z.08 “
Adjustment Factor Used @ E.EV//
Corresponding t: 0. 103 ivia

Ay For  strmgl = 9197 ww

im"'p ‘/a’f farrastd;v = 0'/0‘7-@

o An for s F 0.009 > /2 gage

DRY

—Ude /2 guz74>

e x z” C’arruyaﬁ&}v



9th Street EK3037
!c-r‘rugated Metal Fipe 7/18/91
tructural Design BJIF /KM
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e: Handbcok of Steel Drairnage and Highway Cornstructicwm Products,
American and Steel Institute, 1983, Chapter 3, Fages 99-124.

meow i aremt s e i e Seae= S0t Sitme imsme 4t beeie Semht SIS A ey sorad PSS M S marh b SIS0 Semms SSt £TSds ks ES S S SmeY S smus S0 SHiie SSit S e Seims bt S0y STt SET ey s seeiy Soias £28m sermy s Snisd e pimes ST srma Sesty St e Bed £y swaes it e ey ST Sty sy s g st S
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Site conditions,

l FIFE RECORD NUMEER: 7
LOCATION: N ) STA 37+50
d = Pipe diameter = 30 in
h = Height of cover = 10.5 ft

I w = Weight of scil = 140 pef

bsd = Backfill scil density (PASHTO specified) = 98 %

pH = pH of sacil ernvircrment = 9.3

[ R = 8cil resistivity = ZH40 chm—-cm

e et e cvine bt e et e SThes (e et S0 A SO St G4 A PRSP T s $HHSR SHMP SRS SO HEn Shuid $S4HS SS4AR S804 FOILR Srond eEted SV S90S SAS S mrads SRR JHREE Shims frees Semeh rrind it e S (R temdt et et S4uas S et drers 440 PhieR S14FR Hem SN ram HARS SRESY S47e SHP i Sodim Gaa40 SerR Rate Peres

Compute dead lcad,
l = Dead lcad = h * w = 1470 psf
ompute live load,
Live lcad on effective plarne at top of pipe (LL) fraom

Corncrete Pipe Harndbook, acpa, 1388, pg 4-38 - 4-33:
' Critical HE-20 loading configuraticnm:
L.

P = Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of FPlarne = 23.20 ft
W = Width of Plane = Z4. 04 ft
Favg = Average Pressure Acting on Plane
= B ® IF / W / L = 86 psf
= fLive lcad = 86 psf
umpute the design load,
! pv = Desigrn pressure = DL + LL = 1556 psf
ttr‘uctur‘e desigr,
s = Span = d/12 = 7.5 ft
o = Ring compression = pv % a/Z = 5835 ppf
' k = Load factor = 0. 65
r = Radius of gyraticn from Table 1-4, page 42 i
fo = Allowable wall stress from Figure 3-6, page 1095 psi
a = Wall secticrn area = co/fc im™2/ft
' t = Thickrness from Table 3-Z, page 107 in
I = Moment of ivertia from Table 3-2, page 107 in™4/ft
E = Modulus of elasicity SE+QO7  1lb/in"2
' ff = Flexibility factor = d"S2/E/I*¥1E ( (0433 for factory made pipe.
¢ 0200 For field assembled pipe.
)
‘c-rrugat icom d/r Fe & t I ff
{ir) {ir) {(psi) {im™E/FE) ¢im)d {irm™4/ft)
]
l—-i /2x1/4 0. 080 1128 2336 1.347 0. 168 Q. 020 0. 165
Zr1i/2 0. 170 529 13531 0. 431 0. 040 O. 014 Q. 236
P-2/3r1/2 0.172 523 138591 O. 421 Q. 040 0.013 0. 240
' 3 % 1 0. 344 2es 25385 . 230 0. 034 . G518 0. 063
S x 1 0. 368 245 25385 Q. 230 O DE4L 0. 106 Q. 031 v
| € x = 0. 688 131 25385 O, 230 0. 103 Q. 725 Q. 004 &7
I



&elect thickness for a 7S-year first perforaticorn or 1/2 average life,

uaf

[P

it e

ol prevvm

/

t = Mimimum thickress for strength = 0. 064 irs

Y = Years For first perforatice = == 4=
y = Years for average life = 2 * Y = 130
pH = pH of scil envirocnment == F. 3
R = Sail resistivity = 2440 chm—orm
y1l = Years for average life for t=.0852 in.
= Z7.38% {(lag(R)—1lag(Z160~-2490%1lag {(pH))) for pH (= 7.3
= Z.94 * R™. 41, pHY7.3 == 7 yEars
= Adjustment factor required = v / yl = 2. 08
Adjustment Factor Used : E.E//’
Cerresponding t: Q. 109 ivi.

W\

R, For Strarphc = 006K s

’{Mu}, fo‘ Kan’osm}u = O./07 v

A For Hdesigno 2 0.009 1) =3 ;o Fape

. wﬁQ%&; /2 5?45L2“

5 g X/ ” ()dffny.,l(d’b




Pt Street
Cevrugatel Metal Fipe
Structuwral Design

EKI037

7/718/31

BJIF/HM

'F%e: Handbook of Steel Draivane and Highway Constructicorn Products,
: Americarn arnd Steel Irstitute, 1983, Chapter 3, Papges 293-1&4.
Site conditions,
l FIFE RECORD NUMERER: a8
LOCATION: STA 404+00
d = Pipe diameter == 30 ir
l h = Height of cover = 10 ft
w = Weight of soil = 140 pef
bsd = Rackfill scil density (AASHTO specified) = 95 %4
pH = pH of scil envivonment = 8.3
m R = Scil resistivity = 2200 chm—cm
: Compute dead load,
l DL = Dead lcad = h % w = 1400 psf
Compute live laoad, '
. Live lcad on effective plarme at top of pipe (LL) fraom
‘ Corcrete Pipe Hardbook, acpa, 1988, pg 4-38 — 4-33:
Critical HS-20 leoading configuraticon:
Fo= Point Load = 48000 Lbs
j IF = Impact Factcr = 1
w L. = Length of Flane = 2. 33 ft
W= Width of Flarne = 23.17 ft
) FPavg = Average Pressure Actirng on FPlarne
l =F % IF / W / L = 93 pef
LL = Live load = 23 psf
Compute the design lcad,
. pvy = Design pressure = DL + LL = 1433 psf
FStructure design,
s = 8pan = d/1Z = 7.5 ft
j c = Rirmg compressicn = pv ¥ /& = 5598 ppf
' k = Load factaor = 0. 65
r = Radiuwe of gyration from Table 1-4, papge 4& ir
) fo Allowable wall stress from Figure 3-6, page 104 psi
' a = Wall secticn area = o/fc in~2/ft
t = Thickrness from Table 3-2, page 107 ir
I = Moment of inertia from Table 3-2, page 107 inm™4/ft
E E = Mcdulus of elasicity SE+0O7  1b/immZ
ff = Flexibility factor = d"2/E/I%1& ( .0433 for factory made pipe.

( L0200 fer field assembled pipe.

I Ccorvyugaticrn d/v fo a
; {iry) {ir) {psi) {int2/fE) {
l! 1-1/78%1/4 0. 080 1125 23936 1. 868
, 2Zxi/2 0. 170 52 13531 . 414
| 2-2/3x1/2 0. 178 523 138351 G. 404
I 3 % 1 Q. 344 262 25385 Q. 221
5 x 1 . 368 245 25385 Q. 221
! & x & ¢. 688 131 25385 0. 221

|
II

t
i)

(. 168
Q. 040
0. 040
0. 034
Q. 064
0. 103

I
(iv™4/7ft)

0. 020
. 014
0.013
0. 051
0. 106
0. 7285

Ff

0. 165
0. 236
0. 240
. 063
0. 031V

0. 004 ¥V

7o0

Vet ?ZJ



t = Mividimum thickness for strength =

Y o=

Y
pH
R

yi

af

L

A

Bonun i

N

{v

Years
Years for average life =
pH of scil envivracrment
Scil resistivity

Years for average life for t=.052 ir.
27.58% (lcg(R)—-1ag (2160-2430%1ag (pH)))
Z2.34 ¥ R .41,
Adjustment factor required

foo

pH»7.3

Adjustment Factor Used :
Corresponding t:

L. for  Stremgfl =
it *2’- (arrazviJ =
/.éM//‘(./ /,0/ &Sl%)

AAlse /2 ﬁ&g71>

® Y =

=y / yl

O.06#

0. 107 _ww

= 0./07 Lo ==

5 x r” éﬂr7v5uuf4»¢§

Q. 064 i

Select thichress for a 7S—-year first perforaticor or 1/8 averapne life,
first perforaticrm =

75
150
8.3

2200 chm—cm



2th Street EK3I037
Corrugatel Metal Pipe 7/18/31
Stryuctwral Design . EBIF/HM
Hanmdbook of Steel Draiviage and Highway Constructicn Products,
Americarn and Steel Institute, 1983, Chapter 3, Fapes 99-1&4.

Site conditicons,

- B B R Ea
)
m

FIFE RECORD NUMEBER: 3
’ LOCATION: - 8TA 45+00
d = Fipe diameter = 0 iw
h = Height of cover = 8.5 ft
w = Weight of scil = 140 pof
bsd = Rackfill scil density (AASHTO specified) = 2[5 %
) ] pH = pH of scil envirorment = 8.9
I R = Bcil resistivity = 2200 chm—cm
A Compute dead load,
I DL = Dead lcad = h * w = 1330 psf
“Compute live load,

Live lcad orn effective plarme at top of pipe (LL) frcoum
Corncrete Fipe Hanmdbook, acps, 1288, pg 4-38 —~ 4-33:

Critical HS-20 loading configuratico:
F = Point Losad

el

48000 Lbs

o

IF = Impact Factor 1
I] L = Length of Flane = 21.45 ft
W= Width of Flane = =2, 29 ft
. Favg = Average Fressure Rcting on Flare
I} =R % IF / W / L = 100 psf
LL = Live lcad = 100 psf
Compute the design load,
. g pv = Desipgn pressure = DL+ LL = 1430 psf
IéStr’~l.\c-tu'r'-E desigr,
s = Sparn = d/1iZ = 7.5 ft
- c = Ring compression = pv ¥ /32 = 5364 ppf
I o= Load factoyr = 0. 65
' v = Radius of gyraticr from Table 1-4, page 42 i
fo = Allowable wall stress from Figwe 3-&, papge 105 psi
) a = Wall secticn area = o/fc inm2/ft
l‘ t = Thichness from Table 3-2, papge 107 ivi
I = Moment of ivertia from Table 3-8, page 107 in™4/ft
E = Modulus of elasicity SE+O7  1b/in™2
l ff = Flexibility factor = d*2/E/I%12 ( .0433 for factory made pipe.
{ 0200 for field assembled pipef
IYCc-r*rugatiu:m r d/» fo a t I ff
4 {ire) {im) (psi) (in™2/ft) {im) Cir™4/F%)
I; 1-1/8x1/4 0. 080 1125 29396 1.730 €. 168 Q. Q20 0. 165
‘ En1/e 0. 170 523 13531 €. 396 0. 034 0. 002 1.800 oo
;E-E/le/& Q. 172 S[23 13851 Q. 287 0. 034 0.011 0. 289 /ﬂy%b
l S x 1 Q. 344 e =¥64 25385 O.211 0. O34 Q. 01 0. 063
S w1 0. 368 245 25385 0,211 0. 064 0. 106 0.031+/
& »x & 0. 688 131 £S5385 0. 211 0. 103 0. 785 0. 004+~
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0.064“/

t = Mividmum thickness foor stremgth irs

t

Select thickress for a 73-year first perforation or 1/8 averapge life,

Y = Years for first perforatico = = 75
y = Yeesrs for average life = 2 % VY = 150
pH = pH of scil ernvirorment = 8.9
R = Boil resistivity = 2200 chm—cim
vyl = Years for average life for t=.052 in.
= 27.38%(lcgf{R)—-1lag(2160-2430%1ag{pH))) fcr pH (= 7.3
= 2.84 % R™,41, pHY7.3 = €3 years
af = Adjustment factor reguired = y / yi = 2.17
Adjustmenrnt Factor Used @ e
Corresponding t: Q. 109 iria

Ao, For Strergb = Oocy ..

/*m/,; A2 dcr/asva}u = 0./09 o

¢

AN /‘C',,”,i) Aor d<5(7%u = O/CF i _— /2 (?471_

-

. e /2 fdyp

S s’ ﬂarr‘c/ya,/'(af?s
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Hardbook of Steel Dra1nage and Highway Constructicon Products,
American and Steel Institute,

cornd
FIFE
LOCcA
; o =

il

it

i
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L Metal Pipe
1 Design

it J.C'Y'l...n,

RECORD NUMEER:
TION:
Fipe diameter
Height of cover
Weight of scil
Eackfill soil dens
pH of scil enviraorn

= Bcil resistivity

1883, Cha

ity
ment

(AASHTO speci

EKI037
7/18/91
BJIF /KM

pter 3, Fanes 99-124.

]

fied)

i

i

10

8TA SE+00

78

in
ft
pof
%

chm—cm

i r'-mpu’c e d
Cﬁmpute 1

Critic

L o=
Compute t
pv =
Structure

[

X
1t

i

=h
1
i H

fon

Ccorrugati
{ir)

[y

|

X N X

Ny = b2 e 13 1=
S~ S~

Y E-3

Do gy -

~N XN
X X X [ = T

[£X]

ead load,
Dead load
ive load,

h % w

Corcrete Fipe Harnd
al HS-20
P Foaint Load

IF = Impact Factcor
L = Lermth of Flan
W = Width of Flane
Favg =

{Live lcad

he desigrn load,
Desigr pressure
desingr,

Sparn = d/132
Rirp compre
Locad factor
Radius of pgyration

Fow IF

psslion =

ARllaowable wall stress

Wall section
Thickrness
Mament of irmertia
Medulue of elasici

area

Flexibility factco

oo d/v

{ir)

€. 080 373
G, 170 4593
0. 172 453
Q. 344 227
0. 368 212
0. 88 113

froam Table 32

Live load on effective plare at top of pipe

book, acpa, 1988,

loading configuraticn:

e

S W/ L

DL+ LL

pv ¥ s/

from Table 1-4,
from Figure 3
= o/fo
22y papge 107
fram Table 3-2, p

ty

(LL)

i

it

i

Average Pressure Acting on Flare

i

page 42
-ty page 105
age 107

from
pn 4-38 -~

~3

4

o v
0 I.".Y

L}

3

33

8000

~ Gf o=

= ()

23

1433
€. 5

4858
.65

E+Q7

Lbs

ft
ft

psf
psf

psf

ft
ppf

ir

psil

inE/ft

in

in*4/ft
1b/in™E

{ L0433 for factory made pipe.

( L0200 feor field assembled pipe.

= g E/E/I*LE

fo a
(psi) {(irm2/ft
39683 1.216
17652 O, 278
179586 0. 270
25383 0. 131
25385 0. 1391
25385 0. 131

t
) (iv)

0. 103
0. 034
Q. 034
0. 034
0. 064
Q. 103

O
Q.
Q.

I

(ir™4/Ft)

010
QOZ
o1

0. 051

0.

106

Q. 785

£f

0. 236
1.3
Q.217
Q.
0. 02

0. 003

By
.._u:.’?

047"

ers
/«;4&
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Select thickress for a 7S—-year first perforaticn oy 1/2 average life,

~ .
. = Miridimum thichkrness for strength = 0. 064 / i
t

Y = Years for first perforation = = 75
y = Years for averapge life = & # Y = 150
pH = pH of scil envirorment = 8.9
R = 8Bcil resistivity = 2200 chm—crm
yl = Years for average life for t=.0802 in.
= 27.58%{1lcg(R)-1ag{Z160-2430%1ag (pH))) for pH (= 7.3
= Z.94 ¥ R™~. 41, pH}7.3 = €3 YEars
. af = Adjustment factcr requived = y / yi = 2.17
'_é Adjustment Factor Used 2 E_'/
i Correspoending t: Q. 109 ivi.

TP L and

Ayn P Strengt = 0064

-,, R )

’{’”/}u ﬁo/ Cerrosicr. = o./0? W

’ ..MI»'

f,,,,;p Ffor /cs»'f-n) = O0.107 e =>> /2 Faoe

-
-
-

- o

" xr” porr-u?a_,/(o}g,g




9th Street EK3037
lccmr»ugatat Metal Fipe 7/18/31
Structwral Design BEJIF/HKM
lRe: Handbook of Steel Drairnane and Highway Constructicon Products,
American and Steel Institute, 1883, Chapter 3, Pages 99-124.
Site conditicons,
l FIFE RECORD NUMEER: 11
LOCATION: 8STA S53+61. 60
g = Fipe diameter = 78 in
l v = Hegight of cover = 11.5 ft
w = Weight of scil = 140 pcf
bed = EBackfill scil demnsity (AARBHTO specified) = 9S %
pH = pH of scil envirornment = 8.0
R = Beil resistivity = 3670 chm—cm
Compute dead load,
' DL. = Dead load = h * w = 1610 psf
Compute live load,
, llive lcad or effective plame at top of pipe (LL) from
l Concrete Pipe Handbook, acpa, 1388, pg 4-38 — 4-33:
Critical HE-20 lcading configuraticr:
Fo= Point Load = 48000 Lbs
‘ IF = Impact Factor = 1
' L = Lergth of FPlarne = 24,95 ft
W = Width of FPlane = 25.79 ft
Favg = Average PMressuwre Acting on Flane
' = F % IF / W / L = 75 psf
LL = Live lcad = 73 psf
ELompute the desigrn load,
pv = Design pressuwre = DL + LL = 1685 pef
R Structure design,
g = Bparn = d/1& = €.5 ft
: c = Ring compression = pv ¥ /2 = 9475 ppf
' k= Load factor = . 65
r = Radius of gyraticon from Table 1-4, peage 42 i
fro = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall secticr area = co/ffc ints2/ft
t = Thickness from Table 3-2, page 107 ir
I = Moment of irertia from Table 3~-2, page 107 in~4/ft
E = Modulus of elasicity SE4+Q7  1lb/inmE
f = Flexibility facteor = d"2/E/1%18 ( .0433 for factory made pipe.

N U R ..
-h

Caorrugaticon d/v fo & t I
{iry) {iv) (psi) (im™E/fFt) {ive) (in™4/ft)
1-1/7Ex1/4 Q. 080 375 2398649 1,372 0. 138 0.014
) 2ri/2 Q. 170 453 176Gz 0. 310 O, 034 Q, OO
y 22/ 3R1/8 0. 172 453 17386 0. 305 0. 034 0,011
l 3 x 1 Q. 344 227 25385 0.216 Q. 034 0. 051
5 x 1 0. 368 212 25389 0. 216 0. 064 0. 106
& » = 0. £88 113 25385 0. 216 0. 103 Q. 725

( L0200 for field assembled pipe.

ff

0. 168
1. 35&
0.217
0. 047

JTce

///‘7@

0. 023+

0. 003%"
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M. 4
t = Mirvimum thickrness for strength = O.OBéV// ir
'y
thickrness for a 78-year first perforatiorn or 1/2 average life,
Y = Years for first perforation = = 75
y = Years for average life = & % Y = 180
pH = pH of scil ernvirormment = 8
R = Scil resistivity = 3670 chm—cm
vyl = Years for average life fcr t=,052 ir.
= Z27.08¥ (lag(R)-1lag (2160-2430% ag (pH))) for pH (= 7.3
= Z.94 * R™*. 41, pH)>7.3 - - = 85 years
af = Adjustment factcr requived = y / vyl = 1.76
Adjustment Factor Used : E'Ey//
Corresponding t: 0. 103 ivi.

Z s For S//My//» = O.00Y s

jf}f//z; /2{ p&'f/’aS(afu = O' /07 Py

’(m/x', Ao a’e,s/7w = 0107 v = /2 2age

S e /R PRFC
S”x 17 fcrfuyahow



Ath Street EK3097
Corrupatel Metal Pipe 7/18/31
Structural Design EJIF /KM

Harmdbook of Steel Drainage anmd Highway Construction Products,

m
s

Americarn and Steel Institute, 1983, Chapter 3, Fapes 99-1&84.
iSite conditions,
i PIFE RECORD NUMEER: 1z
: - LOEATION: CL STR S9+76.47
d = Pipe diameter = 78 irns
h = Height of cover == 12.5% ft
: w = Weight of scoil = 140 pef
bed = Backfill scil demnsity (RAASHTO specified) = 25 %
l pH = pH of scil ernvironment = 8.0
R = Scil resistivity: = IET70 chim—cm
1Compute dead load,
l DL. = Dead laad = h ¥ w = 1750 psf
Compute live load,
- Live load on effective plarne at top of pipe (LL) fraom
' Corncrete FRipe Handboaok, acpa, 1988, ppg 4-38 - 4-33:
Critical HS-20 lcocading configuraticor: .
o= Point Load = 48000 LLbs
IF = Impact Factcocr = i
', L = Length of FPlane = 26. 70 ft
‘ W= Width of Flane = 27.54 ft
= Favg = Average Pressure Acting on Plane
l =f % IF / W / L = £5 psf
LL = Live lcad = &5 psf
Compute the design load,
' pv = Design pressure = DL + LL = 1815 psf
l Structuwre design,
=z = Span = d/12 = &.5 ft
c = Ring compression = pv ¥ s/7 = 5300 ppf
' o= Load factor = .65
r = Radius of gyration from Table 1-4, pange 48 ir
fo = Allcwable wall styess from Figure 3-6, pape 105 pei
' a = Wall sectiocn area = co/fc in™2/ft
3 t = Thickness from Table 2-Z, page 107 in
I = Momernt of irmertia from Table 3-8, page 107 in*4/ft
E = Modulus of elasicity SE+0T7  lb/iv2
l ff = Flexibility factcr = d™2/E/I%1Z2 ( 0433 feor factory made pipe.
( L0200 for field assembled pipe.
lCc«r"r‘ugation r d/v fc a t I ff
; {iv) {ir) (p=i) (irm™2/ft) Civi) (in™4/ft)
"’ 1-1/78x174 Q. 080 975 3383 1.473 0. 138 0.014 0. 168
Zxisez 0. 170 459 17652 Q. 334 0. 034 0. 002 1. 358
§E—E/3x1/€ 0. 17& 453 17356 0. 323 0. 034 0.011 C.217
i 3 % 1 0. 344 227 25385 0, 232 0. 034 0. 051 Q. 047
5 x 1 0, 368 o1z 25389 Q. 232 0. 064 0. 106 0. 023V
£ x & 0. 688 113 25385 0. 232 0. 103 0. 725 0. 003

Foo .
///;4/
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O. 064/

Select thickness for a 79-year first perforaticn or 1/8 average life,

= Mirnimum thickness for strewngth = ive

1
|
|
|

Y = Years for first perforationm = = 73
y = Years fcr average life = &2 % Y = 150
pH = pH of scil ernvirormment = a8
R = Bail resistivity = 3670 chm—cm
vyl = Yearse for average life for t=.0502 ir.
= 27.58% (lap{R) —~1og{(2160-2430*%1lag {(pH))) for pH (= 7.3
= 2.94 % R™. 41, pH)7.3 = as years
\ af = Adjustmenrnt factor required =y / yi = 1.76
' Ad justment Factcor Used : 2. =
j Corresponding t: 0. 103 ivie
|
} . - A
i j”f”‘/ L7 S’;‘/J(,/‘Iy#L = o.00Y

-

" XIM/H; .f(t«)-f 00/,'05’107\/ = 0./07««,0

-

v

e A Misigeo = OS07 e =35> s2 gages

.

Ao /2 gagL

x /
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Covrruoation

i

Styeet

mno

rrvt.:mtmq Met g

Amer i

1] Fipe

ican and Steel Institute, !

L Q200

e S b

for

o

Cin™2/7ft2

v
Cimd

odsr fiz
(peil

t
Cind
el 5573
288 1S

O, 080
1. 170

0.8231

=78 0.217

Fy sty al Deczian
@ Har hmml uf tn"1 Drainage and Highway Consty t
e e}

L0779
» 034

ER3037
T/
NIF/PM

ion

23445, STUROUT
£6 in

11.5 ft
140 pef
95 %

=

P30 chm=-om

1610 psf

Pl 1]

- 4-33:
483000 Lbs
1
23,95 ft
25.79 f+t
7% pef
75 pef
1685 psf
.9
AE2E ppf
0.65
in
105 ol

in
in™4/fh
SE+D7  1b/in"Z
factory made pipe.
field assembled pipe.
I

Cirn ™4/ ft)

ff

0, 007
0. 002

0. 256

. 968

iz;%/

(2 0,173 284 21595 O.215 u.uﬁ4
s ow ol 0. Beted 192 platet=len 0.182 slcr)
5 ow o1 0. 368 173 25385 0,182 0. 064
£ w o= 0. 688 9E, BER65 0.18z2 0,109

ite corditions,
FIFE RECORD NUMBER:
i LOCATION:
d = Fipe diameter =
b= Height of cover ==
w o Weight of soil =
hed = RPackfill scoil density (AASHTO specified? =
pM o= pH oaof so0il envirvronment =
I Bo= Boil resistivity =
Compute dead load.
l. . = Dead load = h * w =
ompute live load,
Live load on effective plane at top of pipe CLLY fr
Concrete Fipe Handbook, acpa, 1988, po 4-38
l Critical HE-Z0 loading configuration:
) Fro= Point Load =
IF = Impact Factor =
' L= Length of Plane ==
W o= Width of Flane =
. Favg = Rverage Pressure Acting on Flane
= Bk TF /7 W/ L =
l Lo = Live load
Compute the desigrn load,
I oy o= Deseign nresesure = DL+ L =
o Ripg compression = pv ¥ /0 G
l ko= Load factor =
o= Badive of gyration from Table 1-4, nag@ G2
foo= fAllowable wall stresse from Figure Z-£, page
£ = Wall section aves = o/fc
l t = Thickness from Table Z-2, page 107
I = Moment of ineritia from Table 2-2, page 107
Eowm Medolus of elasicity
. £f = Flexibility factor = o"2/E/I*13 < L0423 for

0.011
081
. 106
725

0. 186
Q.05
0,016+
0. 002
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(il

af

Zenuo f?f

Mimimum thiclkneses for strength

i

0, 024 / in

A . . - .
thickness for a 7S-vear firet perforation or 1/2 average life,

Yoars for firgt perforation =

Yeare for average life = 2 % Y

pH o of soil envivonment

Soil resistivity

Yeare for average life for t=.052 in.
27.58% 1o lRY~1og(RIE0-24 908 ag (pH) 1)
2.94 ¥ Ro41, pHX7.3

Adiustment factor required = y / yi
Adjustment Factor Used @
Corresponding b

Corroscon, - 0. /09 )

3" x 1 C&fl’l/ya.f/m

i

it

il

for pH

A prin Hor S?n&ﬂy/%/' = O, 034 A;U

t= 7.2

75
150

2920 chm-~om

aa years
1.71

A

0,109 ir.

Me =1y



EK3097
7/E2/91
BJF /kM

Shh Stre
Covrnugated
Structural

Handbook of Stes]
American and Stee

Gite conditions,

FPIFE RECORD NUMBER: 1
LOCATION: N . 5TA S8+00

d = Fipe diameter = 15 in

Sl ME R NS e
2l )

b = Height of cover = 11.5 f¢t
} w = Weight of soil = 140 pof
Backfill soil density (AASHTO specified) = 95 %
pH oof soil envivronment = 8.0

Sxil resistivity = 3670 cme-m
Compute dead load,
DL. = Dead load = h ¥ w = 1610 psf
Compute live load,
Live locad on effective plame at top of pipe (LLY from
Concrete Fipe Handbook, ecpa, 1988, pg 4-38 — 4-33:
Ty itical HE-20 loading configuwration:

[r——

o= Peint Leoad = 428000 Lbhs
IF = Impact Factor = 1
L= Length of Flane = 2,93 ft

W o= Width of Flane = 25,79 ft
Favg = Average Pressure Acting on Flane
= F % IF / W / L = 75
L = Live load = 73 p
Compute the design load,
pv = Design pressure = DL+ LI = 1608 paf
Structure desiagn,

4

[
4 —h

@ = Span o= ds1l2 = 1.28 ft
o= Ring compression = py ¥ e/ = 1083 ppf

= Load factor = 0.65
= Radive of gyreaticon from Table 1-4, page 42 ir

Al lowvable wall stress from Figure 3-%, page 105 peid
= Wall section srea = o/ffc in™2/ft
= Thiclkness from Table Z-2. page 107 in
Moment of inertia from Table 2-2, page 107 in™1/ft
= Modulus of elasicity 2E+07  1h/in™2
Flexibility factor = 4d™2/BE/Ix12 < L0433 for factory made pipe.

L0 L0200 for field assembled pipe.

sy
3 S
§
{

T
i

I o+t oF 10
it

—4
—
i

i
HMorrugation  r Ay T a t I ff
£ind £ird (pei) (in™2/ft)  CimD cin™4/ft)

1-1/72w1/4 0. 080 188 253283 0. 041 0,054 0,002 0. 036
E2wl/sz Q.70 eg 253585 0,041 0,034 0,002 0. 050
DAt IS WA 0,172 a7 25389 0. 031 Q. 0324 0,011 0. 008 O/
2 w1 O, 2l g4 25285 Q.04 0. 034 Q.01 0.0@EV//
% 1 0.3269 41 25383 0,041 0. 064 Q.106 0.001
0. 688 2z 2EIE 0. 041 0. 109 0,725 Q. 000

[N E

m
.
it
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0. 034 ’/

t = Minimum thickness for stvength = in
}3(-:-3'16;':1‘- th:’.‘él::nez'sec_-*-.. for a 7S-year firet perforation or 1/72 average life,
Y = Years for first perforation = = 75
vy = Ygars for average life = 2 % Y = 150
pH o= pH of soil environment = 8
: F o= Soil resistivity = 3670 chm—-cm
yl = Yeare for average life for t=.03852 in.
27.598% (lag(R)=-1og (R1E0-2490%1ag (pH) 22 for pH <= 7.3
= 2,94 % Rhod41, pHX7,3 = 8% YEAr s
af = Adiustment factor required = vy / yl = 1.76
ARdjustment Factor Used @ 2.2
Corresponding t: 0.109 in.

-

P Ay swmgtl  F g.084 <

Ain

4 H

Ayt

| _ O = 0./0%
ﬂénnu fgr Corroscox) /

. . S P
o )f/h/;i For Aespr = 0./97 Z f&f-—(

o e /2 74;,0,

2 7 x 2 /crm?a/cw Ok
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Structura
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conc
PIME
L.OCA
d =
;g h o=

L_,J poterd
hed =
pH

i

P

Compute d
DL =
Compute 1

-. ,‘«w!k. 3

Live load on effective plane at top of pipe

Tritic

L o=
Compute t

e oTm
Py

-.._.._....a

; IS
St ruchure
5 g = &

-!!L
-~ =
1

“h

- JT} = ok 1
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ey rrn'"]r-‘tl
Cirm)

—1 /el
ST
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Handboolk

Fipe

Weight

Street

l‘g:i crougated Metal

Fipe

1 Dezign

ican and Steel Institute, 1982,
itions,
FEECORD
TION:

NUMEER :

diameter

Height of cover

af so0il
Packfill soil density
pH oof ecdl envivonment
Qoil resistivity

ead 1 l:lad!
Dead load =
ive load,

h ¥ W

Concrete FPipe Handboolk, acpa, 1988,

al HE~-20 loading configuration:

Fo= Foint Load

Impact Factor

L = Lenath of Flane

W o= Width of Flane

Favg = Average Fressure Acting
= F * IF / W / L

Live load

he design

Design

design

o

load,

pressure = DL+ LL

¥
d/1z

compression F opy % /8

factor

Fadiuse of gyration fraom Table 1-4,
Allowable wall from Figure
Wall section area = o/fc
Thickness from Table 3-2,
Moment of inertia from
Modulus of elasicity
Flexibility

ipary =
Fimg
Load

atraess

page 107
Table 2-Z,

fTactor = d™2/E/I%12

ad/r fiz a

Cpeil Cinta2/ft)

o i

Cirm)

0. 080 2R 25385 0. 046

O.170 108 25285 0. 046
0.172 108 ;52 5 0. 046
Q.34 na 25285 0. OdE
0. 268 49 25385 0. 046
0. 688 = 25389 0. 046

cLL.)

page

L 033
. OEO

nf Qtepl Dralnaae and quhway Lnnétruutlum Fruduntz.
Chapter &,

(AASHTO specified? =

]

i

‘-1' e \.J \.,

it

il

Flane

rage 42
2~E,

page

107

for
fior

t
Cinmd

0,024
0. 034
0,034
O, 024
..J64
109

Fages

from

ER3Z097
TRz
BJIF /KM

99124,

18 in
10.5 ft

140 pof

9% U
.0

3670 rihme—icm

1470 pef

8000

1
I2.E0 ft
=g, 04 ft

Lbs

8t psf
86 psf

18585 pef

1.8 f
1167 ppf
0. 65

in

[

in™&/ft

in

in™d/ft
SE+O7  1h/in™Z
factory made pipe.
field assembled pipe.

108

I ff
Cin™d/ft)

O, 002
O, Q02
0.011 0.012
0.051 0. 0032
0. 106 O, 001
QL7255 0. 000

0, 0%

.07 2

v
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= Minimum thickness for strength =
¢

thickness for a 79-yvear firet perforation or |

= Yearse for first perforation = =

Years for average life = 2 % Y =
pH =f e2il envivonment =

8xil resistivity

HI

i
]

= Yeare for average life for t=,032 in.

= 27.58%(lag(R)-log(2160-2490%1og(pH) ) for pH <=
= 2.4 ¥ RUL4l, pHET7LE =

= Adjustment factor requivred = vy / vyl =

Adijuetment Factor Used @
Covresponding b

1}

2‘/}1/»{, or yruj/z' 0. 03‘/ ’

//m,}, Hor Corroswn = € 107

.4£M4£, Aor 4{2577403 2 0./0F e —> /2 5747L£_

S e /2 éaa§yz,

= 3%% “ox '42, ” C&wﬂﬁ/gcb/aﬁm)

0, 034 '/

/2 average life,

75
150
8
2670

Cr

in

cohm—om

in.



2th Street

ﬁornugatmq;Mmtal Fipe
l’g”r ructural Design

EK3097
7722791
EJF /KM

Fe:  Handbook of Steel Drainage and Highway Construction Products,
B Fages 99-124.

American and Steel Institute, 1983, Chapter &,

Site conditions,
' FIFE RECORD NUMEER:
LOCATION:

l d = Fipe diameter

o h = Height of cover

l w = Weight of soil
bsd = Backfill soil density (AASHTO specified)
pH = pH of soil envivonment

I I | B I

~y

STA SO0+10
18

10

140

95

8.9

et

in
ft
pef
%

Ig o= Soil resistivity

Compute dead load,

; Dl. = Dead load = h * w

Compute live load,

Live load on effective plane at top of pipe (LLD

Critical HE-Z0 loading configuration:
F = Point Load
IF = Impact Factor
L= Length of Plane
W o= Width of Flane
Favg = Average Fressure Acting on Flane
= F % IF / W / L
L= Live load
Compute the design 1ocad,
ov = Design pressure = DL+ LL
truwsture design,
o= Span = d/12
Bimng compressic

L= Load factor

-

i

m

fr = Allowvable wall stress from Figure 2-£
stion area = o/fc
Thickness from Table 3-2, page 107

p

& = Wall e

1

L N l!Ew e

i

Modulus of elasicity

~h 1T} b

i i

LD
+,

Corrugation v d/r fi a t
Cim? Cimd (pei) Cim™2/ft) Cirmd

DO Rl R

Concrete Fipe Handbook, acpa, 1988, pg 4-3

v = Radius of gyration from Table 1-4, page 42
STy o

Moment. of inertia from Table 22, page 107
¥ b

f
8

e

Flewibility factor = do2/E/I%12 < L0422 for
L2200 for

it

v

i oH

Hi

~ - - - - L - - - - -
1-1/72%1/74 0. 080 225 25389 0. 044 0,034
o 0,170 106 253985 0. 044 0.054
B-2A3m1/2 0,172 105 25285 0. 044 0. 034

1 O, B4 o2 25585 SIRSET 0. 034
w1 0. 3268 43 25385 Q. O 0. 069
w2 0., 688 26 25383 0. 04 0.109

1400

J

. £0
- = P

G

8000

1

K ”~
e W

22,17

gl
=G
o/ R ]
eI

1493

b
e
B

o

m
:

105

SE+O7
factory ma

pef

ft
ppf

in

neid
in™z2/ft
ir
in™d/ft
lbh/in"2
de pipe.

field assembled pipe.

1
cin™ad/ft)

O, 002
Q. Q0
0.011
0. 051
0.106

0.725

ff

O.052
0.072
O.012
0,003
0,001
O, Q00

e



t = Minimum thickness for stfength

Y = Ygares for firet perforation =

v = Years for average life = 2 % Y

= pH of soil environment

= Soil resistivity

Years for average life for t=.052 in.

i1}
T Y
1
-+

WM
3

@I
i

2.94 % R4, pHR7.3 ,
Adjustment factor required = vy / vyl
Adjuetment Factor Used @
Corresponding @

~
—
#1848 H

af-

' - SOF )
’fﬂ%ﬂi 74;’ Corrosrot - 0./07

Ly, e Strerngtl © OB

LI I

= 27.58%logiRiI~lag (2160-2490% g (pH) 2y for pH

it

it

0,034

75
150
8.9

2200

fw 7.3

&9
2.17

" o
o w W

0. 109

v

thickness for a 75-vear first perforation or 1/2 average life,

in

ohm-—-om

YEAY S

i,

ﬂflﬁwﬁj 74%/ 42&54?”7 = 0./07 — /2 gape

¢-3
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Structural Design

S ie

EKZ057
22/91

o

BJF/EM

7

Site conditions,
FIFE RECORED
LOCATION:

NUMEEFR:

d = Pipe diameter
! h = Height of cover
I; w = Weight of soil :
hed = Backfill eoil density (AABHTO specified
aH o= pH oof ecil envivonment
o= Soil resistivity

Compute dead load,
! DL. Dead load
Cempute live load,
Live load on effective plane at top of pipe

Concrete Fipe Handbook, acpa,
Critical HME-20 loading configuration:

F Foint Load

IF Impact Factor

L= Length of Flane

W Width of Plane

Favg = Average Fressure Acting on Flane

o IF /7 W / L

6
i

= Mo* w

L.L. Live load
Compute the design load,
o Design pressure

Structure desiagn,

DL+ L

L

s = Span = d/12
' co= Ring compression = opy ¥ /38
I ko= Load factor
! r o= Radiuwg of gyration from Table 1-4, page
fo = Allowable wall stress from Figure 3£,
! a = Wall section sares = o/fc
l! o Thisknhness from Tabkle 3-%, page 107
I = Moment of inertia from Table 2-2, page
E o= Modulus of elasicity
ff = Flewibhility factor = d™2/E/I%12

L Q0

adsr f':

Covyucation

tin?

-
v

&

Cird psll Cin™2/ft) €

1—-1/72w1/4d Q. O8O0 L 25285 0. 046
Bl )

2wl /2 0,170 106 85 0. 046

Wl

2-2/32u1/2 0,172 108 25389 0. 046
E w1 0. 334 52 2E28% O, O4E
Som 1 0. 268 45 25385 0. 046
£ ox 2 0. 688 2E 252805 0. 046

7 o et tmve avene e v s sunin ovese s Sorre Mbone e awbus Seart Tmoes PSS -8 Sarhd SRS BHR4S S000t e Seowh Slvas Bomg Srek Pmpes Missy Feest nees i HHASL PO FARS Bama e (nrch Seeat IO BHERY G808 S mmrss $0300 Meetl 4be Tmset fmbos Inbre ets Mbes

CLLD
1988, pg 4-38

il

)

i

il

i

i

fr

o

H] it

4z

page

107

L 032 for

foy

t
in?

0. 034
0. 034
0. 034
0. 0324
0,064
0.109

K

G74+00

18 in
10,5 ft

140 pof

P95 %4

8.9
2200 ohm-om

STA

1470 paf

m

4-323:

48000 b=
1
23.20 ft
2,04 ft
ge psf
8t psf

1556 psf

1.5 ft
1167 ppf

O, 65
in
108 pei

in™2/ft
in
in™d/ft
SE+Q7  1b/in™Z
factory made pipe.
field assembled pipe.

I
Cin™d/ft)

ff

Q. 002
0. 002
0.011
0. 0%

0.106

0.725

0,052
Q072
Q.01
O, 002
0, 001
Q. OO0

r// oL



v

= Minimum thickness for strength = 0. 034 in

R4 . . - .
.Ee] gct thickness fTor a 79-year first perforation or 1/72 average life,
= Years for firet perforaticn = = 75

y = Years for average life = 2 ¥ Y 150
ls pH = pH of s2il environment 8.9
' FFo= Soil resistivity = 2200 chm-cm
yl = Yeare for average life for t=.0352 in.
' = 27.58%(lag(RI-1ag(21E0-24390%lag(pH2 ) for pH <= 7.2
= 2,94 % RU.dl, pH»7.3 = &9 years
af = Adjustment factor reguired =,y / y1 = 2.17
Adjustment Factor Used @ 2l /
l Corresponding t: 0.109 in.

H S gt = 0057 e

g,‘

O.109 i

s Aor Corroscen’

"B

g.} ___.,~

L 007 e =>
 Zum Aor aestgre = .79 2 gage

‘e

S Mlre 12 gage

2 ,.%3 7 X }é “ 667’Wgﬂ1l/0}05 0/4/




Gtveet , EK3037
' :@q Metal Fipe 7522721
" De ¢ BJIF /KM

Fer of Steel Drainage and Highway Construction Products,
' Amnerican and Steel Institute, 1983, Chapter 3, Pages 99-124,

Site conditions,

7 FIFE RECORD NUMEBER: I
LOZATION: STA 432+00
d = Pipe diameter = 1% in

= Height of cover = 11 f¢

w o= Weight of ecil = 140 pcf
bed = Rackfill soil density (AASHTO specified) = ENA
pH = pH of scil envirvronment = 8.3

lf Fo= Soil resistivity = 2200 ahmecm

s o s Seost et Saavs saras fabme MU e O Sirr At smame tmees SSRAS SSuE4 WSS fRave SO O WAF OO Sribs S0 FuRte S0Set oot Pty SAEE MEHL Pl H4eS RS SO0S kol MAMR Sasea Tere fapep S et it o0 SabL< P00t s mres BeSar Sonis 40 PUSNL Sies frive fnbin Feoss et Mot marm Samds et emees ess Soowt Pomse Prver Shast mbtn Sarms Mo Smbes aoses

T
it

Compute deed load,
i DL = Dead load = h % w = 1840 psf
Compute live load,
Live load on effective plane at top of pipe (LL)Y from
I§ Concrete FPipe Handbook, acpa, 1988, pg 4-38 - 4-33:

}

Critical HE-20 loading configuration:
F o= Point Loed = 48000 Lbs
i IF = Impact Factor = 1
' L o= Length of Flans = 24.08 ft
l W o= Width of Plane = 24,92 ft
Favg = Average Pressure Acting on Flane
1 =F % IF /7 W / L == 80 psf
LL = Live load == 80 psf
Tompute the design load,
v o= Design presewre = DL+ L = 1820 paf

Structkture o

n
i

=i,

Span = dS12 = 1.23% ft

o= Fing compression = py o® s/7 = 1O18 ppf
o= Load factor = 0. 65
Fadiuwe of gyration from Table 1-4, pag 12 in

fo = Allowvable wall stresse from Figure 2-&, page 100 psi

Wall section area = o/fc im=2/ft

: Thickness from Table 22, page 107 ' in

] Moment of inertia from Table 3-2, page 107 in™d/ft
o= Modulue of elasicity SE+DT7 1b/intZ

Flexibility factor = d™2/E/I%12 < Q433 for factory made pipe.

___R
.
i i

i

L
L]
o

~—#,

-,
'
it

Covragation v d/r fo A t I ff
£ir? i {psil)  C(in™2/ft) Cind Cin™4/ft)

l1-1/72%1/4 0. 080 188 253835 0.040 O.034 0. 002 0.036

2273wl /E 0.172 a7 25385 0. 040 0.034 0,011 0. 008
EECER I 0. 3 e L5385 0. 040 0.034 0.031 0. QO
li S w1l 0. 268 41 S AE28E O, 040 0. 064 0.106 0.001
€ w2 0. 688 22 2538G 0. 040 0.103 0,725 0. Q00

L2000 for field assembled pipe.

Zxl/2 Q.170 ea 25585 0. 040 0.034 0. 002 0. 050 /a}z



[

I

t = Minimum thickness for strength = Q. 034 in
lkele}ct tt*:i.‘f:!«:nesz.s for a 78%-vyvear firet perforation or 1/2 average life,
Y = Yeare for firset perforation = = 75
y = Years for average life = 2 % VY = 150
l pH = pH of eoil environment = 8.3
B o= 8oil resistivity = 2200 chm—om
vyl = Years for average life for t=.032 in.
Co=m Z7.E8% (loglRI-1og(Zl160-2490% ag (pHI ) for pH <= 7.3
l~ = 2,94 % Rh.41, pHE7.3 = &3 years
af = Adijustment factor required = v / vyl = 2,17 )
Adjustment Factor Used @ I.'_/
IA Corresponding bt 0.109 in.

W

Loerse W -‘//{W//Z Q.o  _.

‘ 0./07 —ero
Do Sor (orroscor

[N

.

Alye /2 g

2%5 7 x S U Cerrigation Ok

-

LB
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ath Street
’Eorxugatﬁqvﬁﬁtal Fipe
gﬁtructural

EK2037
7/22/91
BJIF/EM

Design

Handbook
Amey ican

of Steel Drainage and Highway Construction Froducts,
and Steel Institute, 1983, Chapter 3, Fages 99-124.

- monditions,

FIFE RECORD NUMBER:

LOZCATION: 3I7+00

d = FPipe diameter = 1% in
h = Height of cover = 12,5 ft
w = Weight of soil = 140 pcf

bsd = RBackfill s2il density (AASHTO specified) = e 4

pH = pH of soil environment = 9.3

m F o= Soil resistivity = 2440 chm—cm
Compute dead losd,
DL = Dead laoad = h % w = 1750 psf

[

- e S !_, “H nm ,-

Critical

™
o

M i

Corrugation

Cin?

1-1/72w1/4
S WA
R AC TS WA

"

Compltte 1ive load, ,
Live load on effective plane at top of pipe (LLD

4-38

Concrete Pipe Handbook, acpa, 1988,
HE-20 loading configuration:

pa

Fo= Point Load = 48000 Lbs
IF = Impeact Factor = 1
L. = Length of Flane 26,70 ft
W= KWidth of Flane = 27.54 ft
Favag = fAverage Fressure Acting on Flane
=F % IF / W / L = &5 pef
LL = Live laad = S pef
Compute the design 1oad,
nyv = Design pressure = DL+ LL = 1815 psf
Structure design,
@ = OGpan = d/12 = 1.25 T+t

pY ¥ /% = - l1RES
0.65

= Ring compression =
= Load factor

= Radiue of gvration from Table 1-4, page 42 in

= fAllowable wall stress from Figure 3-6, page 10G nel

= Wall section o/ fe in™2/ft
= Thickness from Table 3-Z, page 107 in

= Moment of inertia from Table in™t/ft
Modulus of elasicity ZE+07  1lb/in™2
Flexibility factor factory made pipe.

]

N FT T
s

mam
[y S8 =

D

(%)

page 107

s

i T e
it

dR/E/I¥LE S for

oy

0433
g —

L 200

v d/r
£im?

i t I

¢ind Cin™d /%)

a ff

‘psi)  CinTE2/fE)

.

O. 080 188 2O 0,045 0, 0324 0. 002 0.0326
0.170 g2a 25280 0. 045 0.034 0.002 0. 050
0.172 a7 25385 0,045 0.034 0.011 0. 008
1 0. B4 e 25385 0. 045 0. 03 0. 051 0. 00z
1 0.368 41 25388 0.045 0. 064 0.106 0.001
2 0. 688 bEN 25285 0. 045 0,109 0.725 0. OO0

field asszembled pipe.

v =



frotmerwer ]

t = Minimum thicknese for strength = O, 034 in

- L. . . - .
Select thickrness for a 739-year first perforation or 1/72 average life,

Y = Yeares for first perforation = = 75
y = Yegars for average life = 2 % VY = 150
pH = pH of il environment = 9.3
Fo= Soil resistivity = 2440 aohm—cm
vyl = Yeare for average life for t=.032 in.
= 27.58%¥{log(R)~1og(2160-2490¥ agtpH) ) for pH <= 7.3
= Z.94 x RM.41, pHX7.3 = 72 yeares
aft = Adjustment factor required = vy / vyl = 2,08

Adiustment Factor Used @ 2.2

Corresponding t: 0. 109 in.

Aotsn r Oorroston = O (0F <+

y = SOF e = /2 oL
’ /fﬁuni. Hor ‘ZZSlf"b) o “ é?dj?

S e 12 f"?é’

= %" % /2 ’ &//dyax’w%) Ok



G9th Streest

Corrugated Metal Fipe
Structural Design

EKZ037
77522791
EJF /KM

Handbook
Amey ican

o f

and Steel Institute, 19832, Chapter 3,

Site conditions,

FIFE RECORD NUMBEER:
LOCATION:
Fipe diameter

h Height of cover
w w = Weight of soil
bed = Backfill soil density (AASHTO specified)
nH = pH of goil environment
B

Soil resistivity

Eummute dead load,

= Dead load = h * w
‘ xmpuie live load,
Live laoad om affective plane at top of pipe (LLY f
Concrete Pipe Handbook, acpa, 1988, pg 4-38
l Critical HE-20 loading configuraticon:
o= Point Load
IF = Impact Factor
. = lLength of FPlane
I W = Width of Flane
Favg = Average Fressure Acting on Flane
= * IF / W / L
II = live load
Lgmpute the design load,
= Design pressure = DL+ LL
'Etrm ture design,
= Soan o= /12
wo=m Ring o compression wopy ¥ oa/s
koo Load factor
l r o= Radiuvs of gyration from Table 1-4, page 42
fo = Allowable wall stresse from Figure 2-6&, page
a = Wall esection ares = o/fc
' t = Thickness from Tabkle 2-3, pages 107
I = Moment of inertia from Table 3-2, page 107
E = Modulus of elasicity
' ff = Flexibility factor = d™2/E/I%12 < , 0433 for
L2000 for

Corvugation v /v fi a t
i) cin? fpsil tinz/ft) tind

F:

i

Y

i

4 ]

N

4
4
4
4
)

1-1/72%1/4 0. 080 188 25885 0.081 0. 03¢
E2x1/2 170 88 25585 0.081 Q.03
2-2/3w1/3 0.172 87 253885 0,051 0.03
2 % 1 O.u41 <4 25588 0.031 0.03
D ow 0. 3268 41 25385 0.051 0.06
& »w 2 0. 688 22 253285 0. 081 0.10

Steel Drainage and Highway Construction Froducts,

ages Y9-124.

STA 2E+65, 45'RT
1% in

14,5 ft

140 pof

95 %

ahm—cm

2030

Dl 4]

-

LJ

48000 Lbs
1
30,20 ft
21.04 ft

51 psf
51 pef
2081 psf
1.25 1t
1201 ppf
0,65
in
105 nei
in™2/ft
in

in™4/ft
JE+0O7  1b/in™Z
factory made pipe.
field assembled pipe.

I
Cin™4/ft)

ff

0,002
0.002
0.011
0. 051
0. 106
0. 725

Q. 036
0. 030
O, 008
0. 008
O, 001
0. 000

ok




t

':,.,
pH

F
yl

af

"
i

it

il

i

= Mimimum thicknese for strongth = 0.034 in

- t
Gelect thickness for a 7S-year. firet perforation or 1/2 average life,
Y =

Yesre for firet perforation = = 75
- Years for average life = 20 % Y = 150
pH of soil environment = 2.3
= Soil resistivity = 2440 ohm—-om

Years for average life for t=.032 in.
27.58% (log(R)-1log (21E0~2490%1ag(pHi ) for pH <= 7.2

Adjustment factor required = vy / vl = 2.08
Adjustment Factor Used : *.,_/
Corvesponding t: 0.109

1]

Z . Adr Stacargth d.02<¢/ ..

}(M /r;/ ~7[0‘f

Oormsla}u = 0.709 .o

S o Hor ﬂQSGﬁV, S 0./09 .. s

.

. Ase )2 94%

2% x Yy Cafru?a*(&” Ok

.9 % Eudl, pHE7 L3 == 72 years

-7



ath Street EF?097
‘ EurrqutEq Metzl Pipe T7/22/91
QEtYthuraI Design BJF/EM

il

Fe: Handbook of 5t EI Dr inage and Highway Construction Products,
' Amer ican and Steel Ing“,t itute, 19832, Chapter 3, Fages 39-124.
Site conditions,
" FIFE RECORD NMUMEER: 8
LOCATION: 8TA 36+21, 45'RT
d = Fipe diameter = 15 in

: o= Height of cover = 14,5 f¢t
: w = Weight of soil = 140 pcf
4 bad = Rackfill soil dencity (AASBHTO specified? = 95 %

pH = pH of e2il envirvonment 2.3

'l% F o= Goil resistivity = 2440 chmecm
lumpu+@ dead load,
DL = Dead leoad = h ¥ w = 2020 psf
Compute live load,
Live load on effective plane at top of pipe (LLY from
Concrete Fipe Handbook, acpa, 1988, pg 4-838 - 4-33:
Critical HS-20 loading configuration:

o= Point Load = 48000 Lhs
IF = Impact Factor = i
E L= Length of Flane = 20.20 ft
m W = Width of Flane = 31.04 ft
‘ Favg = Average Pressure Acting on Flane
! ' = = % IF / W / L = f

S1 ps
Lo o= Live load = Tl ps
Tompute the design load,
ov o= Design pressure = DL+ L1 _ = Z081 psf
| Structure desion,
& = d /1 = 1.25 ft
o= Ring sompression & pv ¥ g/ ' = 1301 ppf
d factor = 0,65
e of gyration from Table 14, page 42 in
fo = Allowable wall stress from Figure 3-&, page 103 el
a Wall eection area = o/fc inmz/ft
t Thicknesse from Table 3-2, page 107 in
I = Moment of inertia from Table 2-2, page 107 in™4/ft
E = Modulus of glasicity ZE+07  1bk/in™Z
f = Flexibility factor = d*2/E/I%12 < 0432 for factory made pipe.
L0200 for field assembled pipe.

-

a
i
53]
11
Hl
i

o

-
-
Pt noi
Exl
[T
o
#e O

Corvrugation v d/v fo A + I ff
tln) Cird (peid tin™2/ft) Cimd Cin™1/ft?

1—-1/72uwl/4 Q. 080 188 25285 0. 081 0,024 0. 002 0. 036
w1/ 0,170 aa 253285 0. 051 Q034 0. 002 u 00

22/ 3wl/2 0,172 87 25385 0,051 U.Uu 0,011 Q. nuqy//

2 ow 1 0. 244 ST 2285 0. 051 0. 024 0,051 0. 002

9 w1 0. 3268 41 2528s 0,051 Q0,064 0. 106 0. 001

& »w Z 0. 688 by 25285 0.051 0,109 L 7ED Q. 000

b
3]




v

£t = Minimum thicknese for strength = 0. 024 in

fod
=
]-l

i

t
thictkrees for a 79-yvear first perforation or 172 average life,

Y = Yeare for first perforation = = 75

- v = Years for average life = e Y = 150

I' pH = pH of s2il environment = T3
5 Fro= Bnil resistivity = 430 ch M m

Years for averege life for t=.032 in.
27, E8% (lag (R)-1og (21E0-2490%1ag (pH) ) for pH <= 7.3

2094 % R.o41, pHE7.3 = 72 YRAY &
Adiustment factor required =y / yl = Z.08

oH i

Adjustment Factor Used : ﬁ.ﬁy//
Corvesponding b 0.109 in.

Aot v Ao dS@uwvyééf s O.03¢

A i Aor garr‘oszo}u = OC./109 am

Co Ko,  For asgw = 0./09 ., = Jz gagc

. -4(./14: /2 fd7_¢_

2% x W

&rrb?a,/tms Onc_

- gy




v

£t = Minimum thicknese for strength = 0. 024 in

fod
=
]-l

i

t
thictkrees for a 79-yvear first perforation or 172 average life,

Y = Yeare for first perforation = = 75

- v = Years for average life = e Y = 150

I' pH = pH of s2il environment = T3
5 Fro= Bnil resistivity = 430 ch M m

Years for averege life for t=.032 in.
27, E8% (lag (R)-1og (21E0-2490%1ag (pH) ) for pH <= 7.3

2094 % R.o41, pHE7.3 = 72 YRAY &
Adiustment factor required =y / yl = Z.08

oH i

Adjustment Factor Used : ﬁ.ﬁy//
Corvesponding b 0.109 in.

Aot v Ao dS@uwvyééf s O.03¢

A i Aor garr‘oszo}u = OC./109 am

Co Ko,  For asgw = 0./09 ., = Jz gagc

. -4(./14: /2 fd7_¢_

2% x W

&rrb?a,/tms Onc_

- gy




Structural Design . BJF/hM

“ V"Llcnx‘tE‘*C‘é Metal Fipe TrLa/9)

Amey i and tecl Ingtitute, 1282, Chapter 2, Fages 99-124,

lFt~.: Handbool of Steel Drainage and Hlahway Construction Products,

Site conditions,
FIFE RECORD NUMEREF: =
LOCATION: STA 20+50

d = Fipe diameter = 18 in
h = Height of cover = 2.9 ft
W = Weight of soil = 140 pcf
bhed = Backfill exil density (AASHTD specified) = ElA
pH = pH of scil environment = 9.3
Fo= 8oil resistivity = 2440 zhm—om

Compute dead load,
DLo= Dead load
LumDU*r live load,
ive load on gffective plane at top of pipe CLLY from
Corcrete Fipe Handbook, acpsa, 1988, pg 4-38 - 4-33:
Critical HS-20 loading configuration:

= R %o = 1320 pef

Fo= Foint Load = 48000 L.bs
IF = Impact Factaor = [
L= Length of Flane = 21.489 ft

W = Width of Flane = PE.ETF L
Favo = Average Fressure Acting on Flane

= F ® IF / W / L = 100 pst
= 100 pef

oY= DEElgn ¢":=aure = DL+ L = 1420 paf

= 1.25 %
I G ARG S A = 8394 ppf
o= Leoad facthor == 0. 65

ro= Radius of gyration from Table 1-9, pages 42 in

foowm Alloeable wall stress from Figure 2-6, page 105 =i

& = Wall section ares = o/fc in~2/ftt

o= Thickness from Tebhle 3-2, page 107 in

I = Moment of inertia from Table 3-2, page 107 in™d /%

E o= Modulus of p‘aqlcnty JE+0O7  1h/in™2
Flewibility factor = d*2/7E/I%12 < 0432 for factory made pipe.

L D for field assembled pipe.

,—- “ u). —J -
i 7
[e i
N 1
" :
m o <

L §
—
—+
i

L

Corrugation v d/r fio & t I ff
£im? Cim? (psil)  Cin™2/ftY  dinm Cin™d/ft

-t

}

—1/2wl/ 0,080 188 253805 Q. 0358 0. 034 O.002 0.0326
w1 /2 0,170 g8e 255858 0. 038 0. 034 0. 002 0. 050
-2/ 3w1/E 0. 172 87 25385 0. 035 0.034 0.011 0. 008
3 w1 0. 344 S 28288 0. 0328 0,024 0.081 0. 002
5 % 1 0,368 41 25385 0.033 0. 064 0. 106 0.001
& % 2 0. 688 2z 25385 0. 025 0. 109 0.725 0. 000

a
1

h




m

t = Mimimum thickness for strength

y = Years for average life = & % VY
pH = pH of c<oil environment

Fo= Goil resistivity
yl = Years for average life for t=.032 in.

-y

t
Y = Years for firet perforation =
\

= 27.58% (log (R -1log (21E0-2420% ag (pH) 2 ) for

= .99 ¥ Reodl, pH:E7L3
af = Adjustment factor reqguired = y / ¥yl
Adjustment Factor Used @
Corresponding bt

/4im0b Hor :;az%@7¢2- : 0.03Y

)¢MAL gé;' é%vrv:(&n; = C.r09 .AAL)

-

= 0. 034 '/

in

H
¥

t
thickness for a 7S-vear firet perforation or 1/2 average life,

o o
= 150
= 9.3
= 2440 chm=—com

pH <= 7.3

= 72 yeares
= 2.08

0.109/// in

. /gxnoﬁ Abr 4ZZS§?ﬂJ | = 05/0?-¢ﬁ/ = /2 ;ﬂngL

R /7 V) gagt

2 % “ X I/Z 4 CO"I’UW(Gw

Ok
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~20rxugata%ﬁMetal Pipe T/EE/D]
Structural Design BJIF /KM

e Ha of Steel Drainage and Highway Construction Products,
I; American and Steel Institute, 1983, Chapter 3, Fages 99124,

Site conditions,

é FIFE RECORD NUMRBER: 10

H LOCATION: ST ZE+00

la]

h

W
bed

1% in

Fipe diameter =
Height of cover == 11 ft
Weight of scil = 140 pof
Backfill soil density (AABHTO epecified) = 95 %
oH pH of s0il envivonment = .

F Gzil resistivity = 3930 chm—-om

e awoes e dmas sares saets somme i v et pmtvn peves boiny M MSHed SHSSS Sonts Save mARS $0084 S SS491 S fmats i SRS SIS PSS FRERS fns vt R4S B Mes MYES $0004 hese HLen Aotis Maes i P et Ao 4o E4S Soons Flene At ek Ghete eld e GU4Cn I O Pubte Gee0e AH00s AP GmLen ot bvey SREDS 0S4 S0as0 FERPS M FHAMY S000s st e
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Compute dead load,
DI = Dead load = h # w
Compute live load,
Live load on effective plane at top of pipe (LL)Y from
Concrete Pipe Handbook, acpsa, 1988, pg 4-28 - 4-33:
Critical HE-20 loading configuration:

"
-
0
piy
'vl

=
19
-*'

Fo= Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Flane = 24,08 ft

W = Width of Flane ' = 24,92 ft
Favag = Average Fressure Acting on FPlane
= F % IF / W / L B0 psf
LL = Live load = 80 pef
Compute the design load,
pv = Design pressure = DL+ LL = 1620 pef
Etrvuctuwre design,

it

if
o

s = Dpan = d/12 = 1.2 ft
o o= Ring compression = py ® /2 = 1018 ppf
ko= Load factor = 0. 65

o= Radives of gyration from Table 1-4, page 42 in

fo = Allowable wall stresse from Figure 3-6, page 103 pel

a = Wall section area = o/fc int2/ft
t = Thickness from Table 3-2, page 107 in

I = Moment of inertia from Table 2-2, page 107 in~4/ft
.

f

r
=i
= Mrdulus of elasicity SE+07  1b/in™2
= Flexibility factor = d™E/E/ZI1E < 0432 for factory made pipe.
L0200 for field assembled pipe.

rugatiocn v dr/» fo a L I ff
im? £ir fpsild - Cin™2/fE) tin? Cin™d/fto

-
X}
R
%

r

j1—-1/3uw1/4 0. 080 188 25385 0, 040 0,034 0. 002 0. 036

2x1/2 D.170 858 255885 0. 040 0. 024 0. 002 0.0SOk//ﬂg;
RV ACT S WA 0.172 87 F2EERE 0. 040 0, 03¢ 0.011 0.008

=

3w 0. 244 S 253285 a. 040 0.034 0.051 Q. 002
oo 0. 268 41 253285 0. 040 O.0ed 0.106 0.001

25 IS

& 0. 688 22 25385 0. 040 0,103 0. 725 0. Q00

- R s wmh




v

[ S— g e 23

v F >
—

/

0,034

]

o= Minimum thickness for strength

/

75

- (
glect thichknese for a 78%-yvear first perforation or 172 average life,

Y = Years for firset perforation =

y = Years for average life = 2 * VY 150
pH = pH of soil envivonment = .2
Froe= Sodl resistivity = 2920 chm—om
yl = Years for average life for $=.03% in.
= 27.58% (log(RI~1og(21E0-2430%lagipH) ) for pH <= 7.8

= 2.3 % RUL41, pHE7.3 = 88 yeare

af = Adjustment factor reguived = y / ¥yl = 1.71

Adiustment Factor Used : P
Corresponding te 0.1039

"

614734/;é¢

/f;ﬂ; 9/2/ -A%OQW%VAL

Lo SLor  (orroscow = O./07 4w

o Aoy Sl s = 0,/0F aw =>4z prey
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Fth Street FE30397

Corpuaated Metal Fipe 7/22/91
2trwctural Dead BIF /KM

2 Hamdbook of 9 e and Highway Construction Products,

Lk ra ‘.g
American and Steel Instit 1982, Chapter 2, Fages 299-124.

ite conditions,
FIFE RECORD NUMBEER i1
LOCATION: STA 21440
d = Pipe diameter = 15 inm

e

- -

h = Height of cover = 10 ft
w = beight of soil = 140 pef
bed = Backfill smil density (AASHTO specified) = 95 %

pH = pH of s0il envivonment 3.
o= Boil resistivity = T30 ohm—-cm

 evre et arecs cooue $2004 ors teers omiat st Sanen Siabe s Mest mes VMOER BAIS e SHRSS Frbve BOALE ns nher s Bevee mass mE Snent $9008 FEPPS H4SVY Seeve fo0ed SHbie Mabks Sheen Mote dmest MMMSC ot ewes Bobes Smeah Mmeet SHind SeaAd 1000 fries Smtne mmess Sobse WOL FRARE TGS bR SOS4N SO0 SOORS AUSOR SOSEL Mt HHSSS TTRAS TPORS 000 ke St S84V Sr0dn GTmre Seint dmrem st

-

Compute dead load,
DL = Dead load = h ¥ w = 1400 psf
Compute live load,
Live load on effective plare at top of pipe (LLY from
Corcrete Pipe HMandbaowol, acpa, 1988, pg 4-38 - 4-33:
Critical HE-20 loading configuration:
o= FPoint Load
IF = Impact Factor
L= Length of Flane : 22,33 ft
W o= Width of Flane = 23.17 ft
Favg = Averege Fressure Acting on Flane
= x IF / W / L = o2 p
L= Live load = 932 psf
Tompute the design load,
oy o= Design pressure = DL+ LL = 1492 paf
Structure design,
mood /1 =z 1.5 ft

i A

#
o
o

Lbs

]
[ars

Hi

n
1
H

DA 1o wopy e 33 ppf
ko = I A

= in
from Figure 2~&, page 103 nei
& (- S ‘ in™2/ft
towm Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 2-2, pape 107 in~4/ft
T o= Modalus of elasicity 2E+07  1b/Zin™E
fo=m Flewibility factor = o"2/ET#12 < 042332 for factory made pipe.

af gyration from Tabhle 1-4, page 4
wall stress

ionm areas =

crrugation v d/r fiz a t I ff
timd Cird (psid)  Cin™2/ft)  dimd tin™4/ft)

D]
]

1/ wlsd ., Q80 188 2EERE 0,037 0. 0324 Q. 002 0,026

L]

223w/ 0,172 87 2538 Q. 037 0. 0324 0.011 0. 008

Z % 1 0. 344 e et 0,032 0,034 0.051 0. 00z
I w1 0. 268 41 253285 0.03 0. 064 2. 106 0.001
6 x = Q. 688 e 25585 0,03 0. 109 0,725 Q. OO0

foor field assembled pipe.

- - S e . - ) - e ;-
2wl/2 0,170 g8e 2ESRE 0. 032 0. 034 Q. 002 0. 050 / o



= Minimum thickness for strength = r, O in
... . |
Eler+ thw‘}nerf or & 7Zo-yvear first nevfovation or 1/2 average 1ife,
Yeare fur flfg+ per foration = = 7
i y = Years for average life = 2 % Y = 150
li pHos pH oof soil environment i 9.2
had Bom Godl resistivity = 29320 ohm-om

]

N4

yi = Yearas for average life for t=.032 in.
= 27,08 1ogiR)-1oglZ1E60-2490%lag(pHd ) for pH <= 7.2
= Z,Ee ¥ RUL41l, pHE703 = 84 Years
af = Adjustment factor requ:red =y / yl = 1.71
Adivstment Factor Used @ 2.
1UMV/

Corvesponding t: in.

Ay For Strergtl = 0,039
A Por Conosonw = 0,109

L A P st F 0T = 2 gape

.

L. e Sz f’éyf—

2%” X I/Z " ﬁm/,?a/mﬂs' CE_
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Ith Street : EK2057
l',.urrucm’ccc{ Metal Fipe T/2ESE

Sy tiutral e BIF /M

anetruction Produs
-1 2 '1 .

Drainage and Highway

|dhmml .
itute, 1983, Chapter 2, Fages

ﬁmerlu;

Site conditions,

] FIFE RECORD NUMBER: 1z
LOCATION: STA 12+60
d = Fipe diameter = 18 in

h = Height of cover = 11 ft
'l w = Weight of soil = 140 pof
sd = RBackfill e0il density (AASHTO specified) = 95 %
o o= ok oof soil envivonment = 7.8

Fo= 8oil resistivity = 33230 ochm-—om ©

[y

Compute dead load,
DL = Dead load = h % W = 1540 pef
ompahe ive load,
Live lmad o effective plane at top mf pipe (LLY from
mrcrete Pipe Handbook, acpa, 1988, pg 4-3238 - 4-3
Eritiu 1 HE-20 loading anflguratimn:
o Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Flane = 24,08 ft
W o= Width of Flane = 24,92 ft
Favg = Average Fressure Acting on Flane
= F * IF / W /7 L = 80 pef
| Ll o= Live load = 80 psf
Tompute the design load,
ow o= Deelogn oressure = DL+ LL = 1620 paf

(-J

1‘t

s I e A L I S i A
l}Etr‘r._tc:tL.wr-“ decsion,
== Bear o= /12 ] 1,05 f4

mom Pimg compression ooy o# g/l = 1012 ppf

i @l e -

- o p

ko= load Tactoor = O.65
yo= Radiovs of gyration from Table 1-4, paae o2 in
fo o= Allowable wall stress from Figure 3-&, page 105 ped

'] & = Wall section ares = o/fc in™z2/ft
1
|
!
!

o= Thickrness from Table -2, page 107 in

I = Moment of inertia from Table 2-2, page 107 in™3/ft
Eowm Modulus of “xﬁr]|lt“ , SE+O7  1b/in™3
ff = Flexibility fas

wofd R E/IRLE 0 L0438 for factory made pipe.

OZO00 for field assembled pipe.

—h
i

a £ T ff
=i (intE/fty fim Cin=d/ft)

l Corrugetion v Ay

£ir) fimd p

|
l,l 1-1/3u1/4 0, 080 188 25385 00 0. 034 0. 002 0. 0326
Z2wlsz 0,170 28 25585 0,040 0,034 0,00 0. 050
S2=2/2R152 0,172 87 25385 0. 040 ﬁ O3 ..911 0,008
, 3 w1 Q. 344 <4 253285 0. 040 L O34 0, 051 0O, Q00
! S w1 Q. 268 1 25288 0. 040 ..064 0,106 O.001
= 0. 88 o 2O30BS .00 0. 109 0.725 0. 000

gr.




l? . .!:
Celect thickrness

[

q_a - u —_— ﬂ

0. 0324 V/ in

for a 7O9-yvear first perforation or 1/2 average life,

Minimum thickness for strength a

Faad
ll

Yom Yoo for fivet perforation = = 7
y o= Years for average life = 2 % Y = 150
pH = pH of soil environment ) = 7.8
Bo= 8edl vresistbivity = 2350 ohm-om

vyl = Yeare for average life for t=.032 in.
= D7.EE%(lag iR -log(2160-2490%agipHd ) for pH <= 7.3

= 2,91 % RN.41, pHE7.3 = 8z years
af = Adjustment factor requived = vy /7 yl = 1.83
Adiustment Factor Used : 2.8
Covresponding t: 0.109V// in.

0.034 W

|

Loy For Sfrmf‘b

/fmx)z, /"37’ ﬂarraS/mu = 0./109 e

S Ay, /a‘,» d{_g/?;‘,- = 0./97 o = /7 2agc
S e )2 fay-e,

v . .
2% x\/Z/ @ar/wya,'/mf” (@

[
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.C—H:h Street EK3037
Ccorrugated Metal Fipe 7/8/731
lStru:t ural Design EJF /KM

Re: Harndbook of Steel Drainage and Highway Cornstruction Froducts,
' Americarn and Steel Institute, 1383, Chapter 3, Fages 939-124.
Site

coenditions,

FIFE RECORD NUMEER: 1
LOCATION: STA S8+01.5 — STA B8+41.5
d = Fipe diameter = 12 in
h = Height of cover = 0.5 ft
w = Weight of scil = 140 pef
bsd = Rackfill scil density (AASHTO specified) = 95 %
pH = pH of scil envircrmernt = 8.0
R = Scil resistivity = 3670 chim—cm

'Cr-mpl\ta dead lacad,
DL = Dead lcocad = h % w = 70 psf

Compute live load,
' Live lcad on effective plane at top of pipe (LL) from
Corecrete Pipe Handbook, acps, 1988, pg 4-38 — 4-33:
Critical HS-20 loading configuraticn:
' F = Paint Laad = 16000 Lbs
IF = Impact Factor = 1.3
L = Lerngth of Flare = 1.70 f¢
W = Width of Flare = =. 54 ft
Favg = Averange Pressure Acting on Flarne
=P % IF / W / L = 4733 psf
L. = Live load = 4733 psft
'C mpute the design lcad,
= Desinmn pressure = DL + LL = 4863 psf
Stwuctuwe desingr,
' s = Span = d/12 = 1 ft
c = Ring compressicon = pv % /2 = 2432 ppf
k = Load factor = Q. 65
r = Radius of gyration from Table 1-4, pange 42 i
l fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall section area = o/fc intZ/ft
t = Thickress from Table 3-2, papge 107 in
. I = Momernt of inertia from Table 3-2, page 107 in~4/ft
E = Modulus of elasicity SE+07  1b/in"&
ff = Flexibility factor = d"2/E/I%12 ( .0432 fer factory made pipe.
' { L0200 for field assembled pipe.

}Cc«r*ra.\gat icnr » d/r fc a t I ff
l {in) {ir) (psi) {in"2/Ft) {ir) (in~4/ft) L
' [
1 1-1/E8%1/4 0. 080 150 £5385 0. 036 0. 034 . 002 0. 023" ,4 K—
Zxi1/2 0. 170 71 25385 0. 0396 0.034 Q. 002 0. 032 0/
E-2/3x1/E 0. 172 70 253685 G, 0396 0. 034 0.011 0. 0057 =
EEECEE S O. 344 35 2E385 0. 036 ) 034, 0. 051 0. 001
5 X O, 368 33 25385 0. 096 Q. 064 0. 106 0. 001
' & x & 0. 688 17 253685 0. 036 0,103 . 725 0. OOO/

1 <




R B om U A =

m

zzm}u Ao _Hrangthe = 0.03¢ _

g Hor Corrosrers = OA/O?W

Aoy For 4,/,;5,74;; = O./09 - /> gage
o lee s2 gage

//,co L VIOUS age Sfor acceptfali Wa@fa{(a}cﬁ

t
t = Mividimum thickness for strength = 0.034// in
elect thickrness for a 7S5-year first perforation or 1/2 average life,
Y = Years fcr first perforation = = 75
y = Years for averapge life = 2 % Y = 150
pH = pH of scil ernvirormment = 9.3
R = Scil resistivity = 2440 chm—-om
yl = Years fcr average life for t=.032 ir.
= £7.58% (lag(R)-lcg{2160-2430%1lcg{(pH))) for pH (= 7.3
= Z.94 ¥ R~. 41, pH)7.3 ‘ = 7 yEars
af = Adjustment factcor requirved = y / yi = z. 08
Adjustment Factor Used : E.E“//
Corresponding t: G, 103 iri.

15%




"'at h Street
Corrugated Metal Pipe
Structural Design

|

American and Steel Institute, 13883, Chapter 3,

mSi te conditions,

EK3037
7/8/91
BJIF /KM

Handbook of Steel Drainage arnd Highway Constructicrn Froducts,
FPanes 99-124.

FIFE RECORD NUMEER: 10
LOCATION: 8STA 26+01.5 — 8TA E26+41.5
'} d = Fipe diameter = 12 in
h = Height of cover = Q.5 ft
. w = Weight of scil = 140 pef
'% bed = BRackfill scil density (RASHTO specified) = 95 %
pH = pH «f scil ernvivorment = 3.2
R = Baoil resistivity = 3930 chim—cm
T e e s e oo et omene e oot S50 oo v e emes S0 3050 S50 S S 4nam S S0 1ot S oS00 str00 oo S s S4em S50 St S S St S AP0 St b e et S50 Se00 St S b1 S Farte S S04 S S50 S e S0 YV S e S0t 454 S v et 048 S002 e a0 008 S000 St
'C« cmpute dead load,
DL = Dead load = h % w = 70 psf
Compute live laoad,
W Live lcad or effective plane at top of pipe (LL) from
Corcrete Fipe Handbook, acpa, 1988, pn 4-38 — 4-33:
Critical HS—-20 lcading configuration:
FF = Point Load = 16000 Lbs
IF = Impact Factor = -3
L = Length of Flare = 1.70 ft
W = Width of Flane = 2,54 ft
W Favg = Average Fressure Acting on Flane
=B % IF / W / L = 4793 psf
v = Live locad = 4733 psf
lCumpute the design load,
= Design pressure = DL + LL = 4863 psf
Structuwre desipgn,
£ = Sparn = d/1Z = 1 f¢
c = Ring compressicon = pv * s/& = 2432 ppf
k = Loaad factor = 0. 65
| r = Radius of gyraticn fyom Table 1-4, pape 42 iy
'i fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall sectiocn area = c/fc in™2/ft
t = Thickrness from Table 3-2, page 107 in
. I = Moment of irertia from Table 3-2, page 107 in~4/ft
E = Mocdulus of elasicity SE+QO7  1b/inmE
ff = Flexibility factor = d"2/E/I*12 ( .0433 for factory made pipe.
. ¢ L0200 foorr field assembled pipe.
. Corrugaticrn r d/r fo a t I ff
2 {ir) (ir) {psi) tin2/Ft) (i) Cin™4/fFt)
‘1 1/78x1/4 0. Q80 150 25385 0. 096 0. 034 0. 00Z Q. 023 ALC
i 2x1/2 0. 170 71 25385 0. 036 0. 034 C. 002 0. 032
"E’ ~2/ER1/2 0.17& 70 25385 0. 0396 0,034 0.011 0. 005 %
: 3 %1 C. 344 35 25385 0. 036 0. 034 0. 051 0. 001
) 5 x 1 0. 268 33 25385 0. 036 0. 064 Q. 106 0. 001
I & w2 Q. 688 17 25385 0. 036 0. 109 0. 7285 Q. 000

/159
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t = Mindimum thickress for strerngth = Q. 034 ir

Select thickrness for a 7S5-year first perforation cr 1/82 average life,

Y = Years for first perforation = = 75
y = Years fcr average life = 2 % VY = 180
pH = pH of s0il ernvircrment = 9.2
R = 8Boil resistivity = 3330 chim—cm
Yl = Years for average life for t=.052 ir.
= 27.58%(leg(R)~1loag(2160-2430%lag(pH))) far pH (= 7.3
= .94 ¥ R™. 41, pHY7.3 = 88 YEars
af = Adjustmernt factor required = y / yi = 1.7
Adjustment Factor Used : E.E’/
Corresponding t: 0. 103 ivie

/M//i ,«4/ 5'//,0/4%/‘ = 0.037 ww

o for Corrosien = 0107 aw

o Ao for désrf'\) z 0. (07 ws => 2z Fa g

S ae /2 faff«_

Sex MQVW’/: e gL For ACClprtabli Uarrafa/fm

160
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I'E)t h Street ER3037
Corrupgated Metal Fipe 7/8/91
'Structur‘al Design BJIF /KM

Re: Handbook of Steel Draimage and Highway Ceormstructien Praducts,
Americarn and Steel Institute, 13983, Chapter 3, Fapes 99-124.

lSi te coanditions,

FIPE RECORD NUMRBER: 11
LOCATION: STA 21+41.5 - STA 21+81.5
d = Pipe diameter = 24 ivs
b = Height of cover = 0.5 ft
w = Weight of scil = 140 pcof
l bed = Backfill scil demsity (ARASHTO specified) = 25 %
i pH = pH of scil environment = 3. 2
R = Sail resigtivity == 3930 chm—cm
lCc:mpute dead lcad,
DL = Dead lcad = h * w = 70 psf

Compute live load,
' Live locad on effective plane at top of pipe (LL) firom
Corcrete Fipe Handbook, acpa, 1388, pg 4-38 - 4-33:
Critical HS-20 lcading conmfigwration:
' Po= Point Laoad = 16000 Lbs
! IF = Impact Factor = 1.3
) L = Length of Flane = 1.70 ft
' W = Width of Plarne = .54 ft
' Favg = Average Pressure Acting on Plarne
' = % IF / W / L = 4793 psf
X L = Live load = 4733 psf
'Comp ute the desigw load,
pv = Design pressure = DL + LL = 4863 psf
Structure design,
l 5 = Span = d/18 = 2 ft
c = Ring compressicon = pv ¥ s/8 = 4862 ppf
k = Laad factor = Q. 65
r = Radius of gyraticr from Table 1-4, page 42 ivs
fo = Allowable wall stress from Figure 3-6, pape 105 pei
a = Wall sectiorn area = o/fc im™2/ft
| t = Thichness from Table 3-2, page 107 irs
l I = Moment of irnertia from Table 3-2, papge 107 i 4/ fFt
E = Modulus of elasicity SE+07 1b/in"Z
ff = Flexibility facter = d2/E/Ix1Z2 ( .0433 for factory made pipe.
l ( L0200 for field assembled pipe.
| Ccrrugation  » d/r fo a t I ff
' (ire) Civ) (psi) (im2/Tt) (i) (irm™4/ft)
11-1/2x1/4 0. 080 300 25168 0. 1393 0. 034 0. 002 Q. 09;.} Jo0o M
' exl/e 0.170 141 25385 0. 192 Q. 034 G. 002
Z-2/30178 0. 172 140 25385 0. 138 0. 034 G.011 O 021
. 3 ® 1 Q. 344 70 25385 Q. 18z 0. 034 0. 051 Q0. UO‘»E
’ S x 1 0. 268 €5 25385 0. 188 0. 064 0. 106 o0 —
l & x & 0. 688 35 25385 0. 1392 0. 103 0. 725 U alele]

1ie!
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l t = Mivimum thickness for strength = 0. 034 in
Select thickrness for a 75-year first perforation o 1/2 average life,
I Y = Years fcr first perforaticn = = 758
y = Years for averane life = 2 % Y = 150
pH = pH of scil envircrmernt = 3.2
l R = Sail resistivity = 33930 chm—-cm
; yi = Years for average life for t=.052 in.
= 27.58%(log(R)-1og(2160-2430%1ag(pH))) for pH (= 7.3
= E.94 % R™. 41, pHY7.3 = 88 years
'J af = Adjustment factcor required = y / yi = 1.71
Adjustment Factor Used : E’.E/
. Corresponding t: 0. 103 in.
i

o S Strampb = 003Y e
/

’ - 0- 07 /0;4)
l} Aoy, for Corresien = /

}
'! ‘ Lo desgn = O /07 v =2 /2 9age

‘. -/{/9{//6

'l <o Mse /2 gage

l} L prevrors oogE. o Abtpia b Cotpgat oS

Wz
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l§9t i Street EK3037
Corrugated Metal Fipe 7/8/31

.}Struct wral Design BJIF /KM

Re: Handbook of Bteel Drairnage and Highway Conmstruction Froducte,
Americarn and Steel Institute, 1983, Chapter 3, Fages 99-1&4.

I]Site conditiors,

FIFE RECORD NUMEER: 2
' LOCATION: STA 12+61.5 — STAR 13+01.5

ll d = Pipe diameter = 21 in

h = Height of cover = 0.5 ft

w = Weight of scil . = 140 pef
m bsd = Hackfill scil density (RASHTO specified) = 95 %

pH = pH of scil ernvirornment = 7.8

R = SBcil resistivity = 3330 chm—cm
l}Cc-mpute dead lcad,

DL. = Dead load = h % w = 70 psf

Live load on effective plarne at top of pipe (LL) from
Caricrete Pipe Handbaok, acpa, 13988, pg 4-38 - 4-33:
Critical HE-20 loading configuratico:

l‘Cc«mpute live load,

'] F = Point Laad = 16000 Lbs
IF = Impact Factor = 1.3
L = Length of Flare 1.70 ft
} W = Width of Plare = Z2.54 ft
l} FPavg = Average Pressure Acting onm Plane
= F * IF / W / L = 4732 psf
] LL = Live load = 4793 psf
vlt:c-mpute the design load,
pv = Desigr pressure = DL + LL = 4863 psf
Structure desipwn,
s = 8parn = d/1i2 = 1.7 ft
c = Ring compression = pv % /& = 4256 ppf
k= Load factcr = 0. 65
r = Radius of gyratiorn from Table 1-4, papge 48 iry
'} fo = Allowable wall stress from Figure 3-6, pane 1095 psi
a = Wall section area = co/fc CAnmE2/Ft
) t = Thickrness from Table 3-Z, page 107 ive
li I = Moment of irertia from Table 3-2, page 107 int4/ft
! E = Modulus of glasicity : SE+Q7  1b/in"Z
ff = Flexibility factor = d"2/E/I%12 ( .0433 for factory made pipe.
' ¢ 0200 for field assembled pipe.
Corrugaticn » d/v fo & t I ff
' (in) Cir) (psi) (ivi2/7Ft) (ir) (im™4/ft)
1-1/7&8x1/4 0. 080 263 25385 0. 168 Q. 034 0. 002 C. 071§ To0 ”‘7"
TR W 0. 170 124 25385 0. 168 0. 034 0. 002 0. 038
. E-2/3x1/72 0.172 12z 235385 0. 168 0. 034 0.011 0. 016
, R 0. 344 &1 25385 0.168 0. 034 0. 051 0. 003 & Ok
] S ox 1 0. 368 57 253685 0. 168 0. 064 0. 106 0. 002 \ =
li £ x = 0. 688 21 2S30% 0.168 0. 1073 . 725 0. 00C

W3
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t = Mirnimum thickriess for strength =

Y = Years forr first perforation = =
y = Years for averapge life = 2 % Y =
pH = pH of sail envircrment =
R = 8ail resistivity =
yl = Years for average life for t=.,052 in.

27.58%{1log (R)-1log(2160-2430%1ag (pH))) for pH (
2.94 ¥ R, 41, pHY7.3 =
af = Adjustmernt factor requived = y / yi =
Adjustment Factor Used :

Correspending t:

Hon

, _ 0.03
Lo For 5?0/;7/4 = ¢ -

: - R 4 /Jf/
Aner @I"’ Corrascons @./0
(W L

’ e

Lo e /2 gagL-

Sec 7 W&c/;l\' pra g€ For gt lle  Cpon c/‘ga//c’)"(

0. Q034

75
150
7.8

3350

-

= 7.3
az

1.83

-~
e

0. 103

in

Select thickness for a 789-year first perforation or 1/&8 average life,

chm—cm

yRars

ir.

' szt de\” d‘{ff-_i?7;"') = 0.7 = sz ?af’c
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t = Minimum thickness for strength = 0. 034 in

Sselect thickress for a 75-year first perforation or 1/2 averape life,

Y = Years for first perforaticon = = 75
vy = Years fcr averapge life = 2 % Y = 150
pH = pH of scil envirorment = a
R = Scil resistivity = 3670 chin—cm
yl = Years for average life fcr t=.002 in.
= 27.58% (log(R)-1lan({2160-2430%lcg(pH))) for pH (= 7.3
= 2,94 ¥ R*.41, pH)7.3 = as years
af = Adjustment factor required = y / yi = 1.7¢
Adjustment Factor Used @ E.E:/,
Corresponding t: 0. 103 ir.

/mm‘, ,4)/ (S?Mf/é’ = 0-03‘/ .aW
Aﬁﬂ/i. jé% (%fn%woh/ = 0./0F e
S A For alsigw = 007 we =2 /2 gage

S. e gz fdfj’

144




9th Street
Carrugated Metal Pipe

EK3037
7/8/731
BJIF /KM
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'qt ructural Design

Hardbook of Steel Draivage and Highway Constructicr Froducts,

Americarn and Steel Institute, 1983, Chapter 3, Papes 99-1&4.
lSite conditions,
FIFE RECORD NUMEER: 2
LOCATION: STA S3+71.5 — STA 54+11. 5
d = Fipe diameteyr = 30 in
h = Height of cover = 0.5 ft
w = Weight of scil = 140 pof
bed = Backfill scil density (AASHTO specified) = 95 %
pH = pH of scil environment = 8.
R = Scil resistivity = 3670 chm—cm
lC-:umpute dead lcad,
DL = Dead lcad = h * w = 70 psf
Compute live load,
. Live load orn effective plarne at top of pipe (LL)Y fram
Cormcrete Fipe Hanmdbook, acpa, 138988, pg 4-38 - 4-33:
Crzt:cal HS-2¢0 loading configuraticr:
' o= Point Lcoad == 16000 Lbs
IF = Impact Factor = 1.3
L = Length of Flanrne = 1.70 ft
W = Width of Flanrne = Z.594 ft
l FPavg = Average Pressure Acting on Flane
= P % IF / W / L = 4793 psf
LL = Live load = 4733 psf
'Cc‘rnpute the design load,
= Design pressure = DL + LL = 4863 psf
Structure desigry
' s = Span = d/1& = 2.5 ft
c = Ring compressicon = pv ¥ s/2 = €073 ppf
k = Load factor = 0. 65
r = Radius of gyraticr from Table 1-4, page 42 in
l fo = Allowable wall stress from Figure 3-6, page 100 psi
a = Wall sectiom area = o/fec I M i
t = Thickness from Table 3-8, page 107 iv
I I = Maomernt of ivertia from Table 3—-2, page 107 irn™4/ft
E = Mcdulus of elasicity SE+07  1b/in™E
ff = Flexibility factor = d™E2/E/I%1Z2 ( .0433 for factory made pipe.
l ( . 0200 for field assembled pipe.
Corrugation » d/r fe a t I ff
. {irs) {ir) (psi) (ivr™2/Ft) {iry) (in™4/ft)
1-1/8%x1/4 0. 080 375 28007 0. 876 0. 034 0. 00 1443%40 H7
' 2xli/e G. 170 176 25385 0.2339 0. 034 0. 002 . 200
= :/éXl/E 0.172 174 25385 0. 2339 0. 034 0.011 0.0o 2 v
3 % 0. 344 87 253685 0. 239 0. 034 0. 051 Q. 007“/0k;
S5 x 0. 268 z 25385 0. 233 0. 064 0. 106 0 UOHV/
I €& % & 0. 688 44 25385 0. 239 0.103 0. 725 . QOO0

IE




t = Miwimum thickrness for strength = 0.034 in

lrSelect thickress fer a 7S5-year first perforation or 1/82 averape life,

ey ooty

Y = Years for first perforation = = 75
y = Years for average life = 2-%¥ Y - = 150
pH = pH of sail ernvironment = 8
R = Scil resistivity = 3670 chm—cm
vyl = Years for average life for t=.002 in.
= 27.58%(lcg(R)-1lag(2160~-2430%lag(pH))) fer pH (= 7.3
= Z.94 % R™. 41, pH}I7.3 = a8s years
af = Adjustment factor required =y / yi = 1.76
Ad justment Factcor Used : E-EV/
Cerresponding t: 0. 103 ivi.

Lo Ao S/Wg& = O-084 e

Ftin Sor (orroscov = O.f07 s

A, 742, CZQSG?’Lv’: 0./09 e  /z Pa g

.

--W/Z;mgfez
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liet h Street EK3037
Ccrrunated Metal Fipe 7/8/31

IEStr*uc:t wral Desion EBJIF /KM

Re:- Handbocok of Steel Drairnage and Highway Comstructicorn Froducts,
American arnd Steel Institute, 1983, Chapter 3, Panges 399-184.

IIS ite conditions,

FIFE RECORD NUMEBER: 3
l] LOCATION: 8TA S0+11.5 ~- STA S0+51.5
4 d = Fipe diameter = 30 in
h = Height of cover = G, 5 ft
w = Weight of scil = 140 pcf
Ii bsd = Backfill scil density (RASHTD specified) = 25 %
pH = pH of scil envirorment = 8.9
) R = Snil resistivity = 2200 chm—cm
liCc-mpute dead load,
DL = Dead lcad = h * w = 70 psf

Live load on effective plarne at top of pipe (LL)Y fram
Cornorete Pipe Handbook, acpa, 1988, pg 4—-38 -~ 4-33:
Critical H8-20 lecading comfiguraticwm:

.lCCumpute live load,

ll P o= Point Load = 16000 Lbs
IF = Impact Factor = 1.3
L = Lermgth of Plare = 1.70 ft
E W = Width of Flare = 2.54 ft
I; Favg = Average Fressure Acting on Flare
= % IF / W / L = 4733 psf
LL = Live laad = 4793 psf
lCc-mpute the design load,
pvy = Desigrn pressure = DL + LL = 4863 psf
Structure designr,
l s = Span = d/iZ = 2.5 ft
c = Ring compressicon = pv * /2 = 6073 ppf
k = Load factor = 0.65
r = Radius of gyratiorn from Table 1-4, page 4& in
_ fo = Rllowable wall stress from Figure 3-6, page 105 psi
a = Wall sectionm area = offc i 2/ft
t = Thickrness from Table 3-2, pane 107 i
l I = Momert of irnertia from Table 3~2, page 107 int4/ft
E = Modulus of elasicity SE+07  lb/in™2
, ff = Flexibility factocr = d"2/E/I%1& ({ .0433 for factory made pipe.
l: { 0200 for field assembled pipe.
§Cc«r*rLtgat icm d/v fo a t I ff
.g’ {(ir) (iwv) {(psi) {im™Z/ft) (iwy) {in™4/ft)
11-1/78x1/4 Q. 080 375 S2007 0. 276 0.034 0. 002 0. 1442700 HI7"’
li eZxnise 0.170 176 25385 0.233 0. 034 0., 002 0. 200
2-2/3x1/82 0.172 174 25385 0. 233 0. 034 0.011 0. 032
\ 3 x 1 O. 344 a7 235385 0. 233 0. 034 0. 051 Q. 007 0/4
I | 0. 368 ag 25385 0. 239 0. 064 0. 106 0. 003 =
' & % Z 0. 688 44 2G53858 0. 239 Q. 103 0.725 0. QOO0
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t = Mirnidmum thickness for strerngth = 0.034 irn

Select thickress for a 75-year first perforatiorn cr 1/2 average life,

Y = Years for first perforation = = 75
y = Years for averapne life = 2 % Y = 150
pH = pH of scil envircormert = 8.9
R = SBcil resistivity = zZ200 chim—cim
yl = Years for average life for t=.052 ir.
= 27.58% (1ag(R)~1og{(160-2430%lag{(pH))) fer pH (= 7.3
= 2.94 ¥ R™. 41, pH}7.3 ‘ = €3 years
af = Adjustmernt factor required = y / yi1 = 2.17
Adjustment Factor Used : 2. 2 V//
Corresponding t: 0. 103 iri.

L for  Stamgt = O.05dem
Aniix, Hor Corrostony = 0. /07 <

S Jf,vué fé;' aﬂnw;émz = g./0% x#«l == /Z ;?«5DL

S Albe /2 Gage

See ,0&1/1-003 Jongh for acceptable eé”f‘fu%a,é(gr\_s
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'.'Bth Street EK3037
Ccorrugated Metal Fipe 7/8791
l;Str*uc:’cur*al Design BJIF /KM
‘Re: Hardbeoaok of Steel Drainage and Highway Cornstructien Froducts,
? American and Steel Institute, 1983, Chapter 3, Fages 93-184.
IlS:i‘l:e conditions,
FIFE RECORD NUMEBER: 4
'} LOCATION: STA 47+01.5 — STA 47+41.6
; d = Pipe diameter = 30 in
h = Height of cover = 0.5 ft
w = Weight of sail = 140 pcf
l bed = Backfill scil density (RASHTO specified) = 95 %
pH = pH of =s¢il envirorment = 8.3
R = 8cil resistivity = 2200 chm~crm
'ECCumpute dead load, :
DL. = Dead lcad = h * w = 70 psf

ECompute live lcoad,

l Live lead on effective plane at top of pipe (LL) from
Carerete Pipe Hamdbook, acpa, 1988, pg 4-38 -~ 4-33:

Critical HS-20 locading configpuraticor:

lz F o= Point Load = 16000 Lbs
IF = Impact Factor = 1.3
, L = Length of Flarne = 1.70 ft
l W = Width of Plare = .54 ft
' Favg = Average Fressure Acting on Flare
=P % IF / W / L = 4733 psf
i LL = Live laad = 4733 psf
I@c«mpute the design load,
pv = Design pressure = DL + LL = 4863 psf
Structure design,
w s = 8pan = d/1Z = Z.5 ft
c = Ring compressicn = pv % s5/2 = 6073 ppf
‘ W = Load factor = Q.65
| v = Radius of gyraticn from Table 1-4, page 4& in
l§ fo = Allowable wall stress from Figure 3-6, papge 105 psi
a = Wall section area = c/fc ing2/ft
: t = Thickress from Table 3-2, papne 107 in
|’ I = Momernt of irvertia froam Table 3-8, page 107 in™4/ft
E = Modulus of elasicity SE+Q7  1b/inm"2
ff = Flexibility factcr = d"S/E/Ix*12 ( D433 for factory made pipe.
l_ ¢ L0200 for field assembled pipe.
§Cc-r*r*ugatic-n r d/r fo a t I ff
. (irs) (ivi) (psi) (in™2/Ft) (ir) (in™4/ft)
11-1/38x1/4 0. 080 375 22007 0. 276 0. Q34 €. 00& 0. 144 7?/3,7',(__,
li Ex1/& Q. 170 176 23385 0. 233 0. 034 0. 002 . 200
- o-2/3x1/2 0.172 174 25385 0. 239 0.034 0.011 0. 038
, S %1 0. 344 87 25385 0. 239 0. 034 0. 051 0. 007 ok
8 % 1 0. 368 8z 25385 0. 239 Q. 064 G. 106 0. 003 =
' £ x 2 0. 688 44 25385 0. 233 0. 103 0. 725 0. Q00
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0. 034 in

b

t = Mividmum thickrness for strerngth

ISelect thickrness for a 75—year first perforation cor 1/2 average life,

Y = Years for first perforatiorn = = 75
y = Years fcr average life = 2 % Y "= 150
, pH = pH of scil ernvirorment = 8.9
R = Bcil resistivity = 2200 chmm—cm
: ¥yl = Years for average life for t=.0582 in.
= Z7.58% (lag(R)-1cg(2160-2430*1lag(pH))) for pH (= 7.3
ll = 2.94 % R™. 41, pH)7.3 = €39 years
af = Adjustmert factor reqgquired = y / yi = 2.17
Adjustment Factcr Used : 2o i
Cerresponding t: Q. 103 ir.

—.- o —m»!’ ”ﬁg

Losron, S &‘/Mffé{/ = 2.039 _.

Jﬂw~d ;fgf‘ Crrrosierw = 0107 wrv

HAor 468/7)0 = 0./0F . == /2 Fage
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H
Ii’at h Street

Corrugated Metal FPipe
l1 Structural Design

FIFE RECORD NUMEER:

ERI097

7
B

Re: Hardback of Steel Drainage and Highway Cormstructicorm Proaducts,
Americarn arnd Steel Institute, 1983, Chapter 3, Fages 3939-124.

/87391
JF /KM
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' Site conditions,

b
LOCATION: 8TA 43+01.5 — STA 43+41.5
lj d = Fipe diameter = 30 in
h = Height of coaver = 0.5 ft
w = Weight of s0il = 140 pef
l bsd = BRBackfill scil density (RASHTO specified) = 95 %
pH = pH of scil ernvironment = 8.3
R = Scil resistivity = 2200 chim—cm
l» Compute dead load,
DL = Dead lcad = h % w = 70 psf
Compute live lcaad,
' Live lcad on effective plarne at top of pipe (LL) from
Coricrete Pipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS-20 lcading comfiguraticnm:
FF = Point Load = 16000 Lbs
IF = Impact Factor = 1.3
L= Lerigth of Flane == 1.70 ft
W = Width of Plane = Z.54 ft
l Favg = Average FMressure Acting on Flarne
= B % IF / W / L = 4733 psf
LL = Live laad = 4733 psf
IC«:«mpute the design locad,
pv = Design pressure = DL + LL = 4863 psf
Structure desigr,
I 5 = Span = d/18 = 2.5 ft
o = Ring compressicon = pv ¥ /& = &073 ppf
k = Load factor = Q. 65
r = Radius of pyraticrm from Table 1-4, page 42 irs
l fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall sectiorn area = o/fc in™g2/ft
t = Thickrness from Table 3—-2, pane 107 in
I I = Moment of irertia from Table 3-2, page 107 ir4/ft
E = Modulus of elasicity SE+07  1b/in"E
; ff = Flexibility factor = d"2/E/I%12 ( (0433 for factory made pipe.
l{ ¢ L0200 fer field assembled pipe.
CC«\“Y‘L\gatluﬂ " d/» fo a t I ff
l (i) (im) {psi) (irnm2/ft) (i) (irn™4a/Ft) -
. 3750 l‘l’%)
' 1-1/78x1/4 O, 08O 375 22007 0. 276 0. 034 Q. 002 0. 14470
l Zxi/e 0. 170 176 25385 0. 239 0. 034 0. 002 0. 200
.—.’/.:.xl/._ 0. 172 174 25385 0. 233 0. 034 0.011 Q. 032
3 x Q. 344 a7 £5385 0. 233 0. 034 0. 051 0. 007 ¢ 0K
S x 1 0. 368 az 25385 0.239 0. 064 0. 106 0. 003 /
l €& x & 0. €88 44 =5385 0.233 0. 109 0. 725 Q. 000

X B
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0. 034 ir

i

t = Mirndmum thickness for strerpgth

Select thickrness fer a 785-year first perforatiorn or 1/8 averane life,

= Years for first perforaticn = = 75
y = Years for averape life = 2 % Y = 150
pH = pH of scil ervirorment = 8.9
R = Boil resistivity = 2200 chm—cm
yl = Years for average life for t=.052 ir.
= 27.58%(log(R)~-1cg{2160-2490%lag(pH))) for pH (= 7.3
= .34 % R™. 41, pH)7.3 = 69 years
af = Adjustment facter required =y / y1 = 2. 17
Adjustment Factor Used ZeZ
Cerresponding t: 0. 1093 iri.

Zond  Aor  Sprempt = 0. 037 0

. v = O0./07 e
Aoyn For  Corrosion

A P desigr 2 TN ==z pape

S Mle /2 Fag-<
et poepnds page For  a Ccgprable  Corrugasions



l '9th Street EK3097
Cerrugated Metal Pipe 7/78/931
l Structural Design BJIF /KM

Re: Hardbook of Steel Draimane and Hinhway Constructiorn Products,
Americar and Steel Institute, 1983, Chapter 3, Fages 33-1Z4.

I Site conditicnms,

FIFE RECORD NUMEER: 12)
: LOCATION: 8TA 37+01.5 - 37+41.5
l d = Pipe diameter = 21 in
h = Height of cover = 0.5 ft
w = Weight of scil = 140 pof
l bsd = Backfill scil density (AASHTO specified) = 95 %
pH = pH of sBcil enviraornment = 3.3
R = Sail resistivity = 2440 chm—cm
I Campute dead laad,
DL = Dead locad = h % w = 70 psf

Compute live load,

Live lcad on effective plare at top of pipe (LL) from
Corcrete Fipe Handbook, acpa, 1988, pg 4-38 — 4-33:
Critical HS8-20 locading configuration:

; Fo= Point Load = 16000 Lbs
: IF = Impact Factor = 1.3
L = Length of Flane = 1.70 ft
W = Width of Flare = 2.54 ft
Favg = Average Fresswe Acting on FPlane
= F % IF / W / L = 4733 psf
L = Live laad = 4733 psf
Compute the design load, '
pv = Desigwn presswe = DL + LI = 4863 psf
Structure design,
s = 8pan = d/1Z = 1.75 ft
c = Rirng compressicon = pv ¥ s/2 = 4256 ppf
K = Load factor = 0. 65
v = Radius of pgyration from Table 1-4, pange 4& ir
fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall section area = co/fc in2/ft
! t = Thickress from Table 3-2, page 107 ir
: I = Momernt of inertia from Table 3-2, page 107 inm™4/fFt
E = Modulus of elasicity SE+07  1b/inm2
ff = Flexibility factor = d"2/7E/I*18 ( 0433 for factory made pipe.

( L0200 for field assembled pipe.

ICorrugaticn d/r fo a t I ff
{ {ir) {ir) {(psi) {in™2/Ft) {in) (in™4/ft)
El—l/Exl/é 0. 080 263 25385 0. 168 Q. 034 Q. 008 OnO?lE?&ﬂ A@fé)
PoExi/E 0. 170 124 25385 0. 168 Q. Q34 0. Q0O 0. 0398
‘B-E/3x1/8 0. 17 122 25385 0.168 0. O34 0.011 0. 016

3 »x 1 0. 344 61 25385 0. 168 0. 034 0. 051 0. 003¢ 0K

S x 1 0. 368 o7 25385 0. 168 0. 064 0. 106 G. Q0 =

& x & 0. 688 31 25385 ¢. 168 0. 109 0. 725 0. OO0
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Select thickriess fecr a 75-year first perforation o 1/2 average life,

v

0. Q034 irs

[

t = Minimum thickress for strength

Y = Years for first perforation = = 75
y = Years for average life = & % Y = 150
pH = pH of scil ernvirorment = 9.3
R = 8cil resistivity = 2440 chin—crm
yl = Years for averane life for t=.052 in.
= 27.58% (lcg(R)~-1oang(2160-2430%lcg{pH))) for pH (= 7.3
= £.94 % R~ 41, pHY7.3 = 72 YEArs
af = Adjustment factor required =y / yl = =2. 08
Adjustmenrt Factor Used 3 E.EV//
Corvesponding t: 0.109 iri.

Zoip. S Stangh = 0037

Arn S Corraseon, = G107 am
. /'ﬂ{/zu A2y dgs@v'ﬂ) = 0,/07 wn = /2 ?aq/‘-

S Mse sz gage

»Ja, e V(G'\US /);2;24 ,/a>7’ ¢ CC,&/W f’arr‘oyd/(mr
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3th Street EK3037
Corrunated Metal Fipe 7/8/731
Structural Design BJIF /KM

.Re: Hardbook of 8S8teel Drairnape and Highway Constructiorn Products,
Americar and Steel Institute, (983, Chapter 3, Fages 99-124.

l Site conditions,

l { L0200 for field assembled pipe.

FIFE RECORD NUMEBER: 9
LOCATION: STA 30+51.5 — 8TA 30+31.5
l] d = Pipe diameter = 15 in
b= Height of cover = 0.5 ft
w = Weight of =cil = 140 pef
bsd = Backfill scil dewnsity (RASHTO specified) = 95 %
. pH = pH of scil environmernt = 3.3
R = Soil resistivity = 2440 chm—cm
I_» Compute dead load,
DL = Dead lcad = h ¥ w = 70 psf
jCompute live lcoad,
Live lcad o effective plane at top of pipe (LL) from
l Corcrete FPipe Handbaok, acpa, 1988, pg 4-38 - 4-33:
oy Critical HBE-20 loading configuraticon:
' P = Point Load = 16000 Lbs
l IF = Impact Factor = 1.3
L. = Lerngth of Flane = 1.70 ft
W = Width of Plane = .54 ft
I Favg = Average Pressure Acting on Flane
=k *® IF / W/ L = 4733 psf
LL = Live load = 4733 psf
Compute the design load,
I pv = Design pressure = DL + LL = 4863 psf
Structuwre desigr,
& = Span = d/1& = 1.85 ft
l ¢ = Ring compressicon = pv % s/2 = 3040 ppf
k= Load factor = C. 65
r = Radius of gyratiorn from Table 1-4, pange 42 ’ in
fo = Allowable wall stress from Figure 3-8, page 105 psi
l a = Wall section area = co/fc int2/ft
t = Thickress fraom Table 3-2, page 107 in
I = Moment of irertia from Table 3-2, pape 107 in™4/ft
l E = Modulus of elasicity SE+QO7  1b/in"E
ff = Flexibility factor = d"2/E/I%12 ( .0433 for factory made pipe.
Corrugation » d/y» fo a t I ff
lj Cive) (irs) (psi) (iv™2/Ft) (i) (in™4/ft)
1-1/78x174 Q. 08GO 188 25385 0. 120 0. O34 0. 00Z 0. 036> Ok .
i e2xi/z 0.170 88 25385 0. 120 0. 034 0. 00Z 0. OS50 —m Too Higs
l 2-2/3x1/2 0.172 87 . 25385 0. 120 0. 034 0.011 Q. 008
) 3 x 1 Q. 344 44 25385 0. 120 Q. 034 0. 051 0. 002 Ok
9 o x 1 0. 368 41 25385 0. 120 0. 064 0. 106 Q. 001
l- & % & 0. 688 22 25385 0. 120 0,103 0. 725 €. Q00




Structural Design . BJF/hM

“ V"Llcnx‘tE‘*C‘é Metal Fipe TrLa/9)

Amey i and tecl Ingtitute, 1282, Chapter 2, Fages 99-124,

lFt~.: Handbool of Steel Drainage and Hlahway Construction Products,

Site conditions,
FIFE RECORD NUMEREF: =
LOCATION: STA 20+50

d = Fipe diameter = 18 in
h = Height of cover = 2.9 ft
W = Weight of soil = 140 pcf
bhed = Backfill exil density (AASHTD specified) = ElA
pH = pH of scil environment = 9.3
Fo= 8oil resistivity = 2440 zhm—om

Compute dead load,
DLo= Dead load
LumDU*r live load,
ive load on gffective plane at top of pipe CLLY from
Corcrete Fipe Handbook, acpsa, 1988, pg 4-38 - 4-33:
Critical HS-20 loading configuration:

= R %o = 1320 pef

Fo= Foint Load = 48000 L.bs
IF = Impact Factaor = [
L= Length of Flane = 21.489 ft

W = Width of Flane = PE.ETF L
Favo = Average Fressure Acting on Flane

= F ® IF / W / L = 100 pst
= 100 pef

oY= DEElgn ¢":=aure = DL+ L = 1420 paf

= 1.25 %
I G ARG S A = 8394 ppf
o= Leoad facthor == 0. 65

ro= Radius of gyration from Table 1-9, pages 42 in

foowm Alloeable wall stress from Figure 2-6, page 105 =i

& = Wall section ares = o/fc in~2/ftt

o= Thickness from Tebhle 3-2, page 107 in

I = Moment of inertia from Table 3-2, page 107 in™d /%

E o= Modulus of p‘aqlcnty JE+0O7  1h/in™2
Flewibility factor = d*2/7E/I%12 < 0432 for factory made pipe.

L D for field assembled pipe.

,—- “ u). —J -
i 7
[e i
N 1
" :
m o <

L §
—
—+
i

L

Corrugation v d/r fio & t I ff
£im? Cim? (psil)  Cin™2/ftY  dinm Cin™d/ft

-t

}

—1/2wl/ 0,080 188 253805 Q. 0358 0. 034 O.002 0.0326
w1 /2 0,170 g8e 255858 0. 038 0. 034 0. 002 0. 050
-2/ 3w1/E 0. 172 87 25385 0. 035 0.034 0.011 0. 008
3 w1 0. 344 S 28288 0. 0328 0,024 0.081 0. 002
5 % 1 0,368 41 25385 0.033 0. 064 0. 106 0.001
& % 2 0. 688 2z 25385 0. 025 0. 109 0.725 0. 000

a
1

h




m

t = Mimimum thickness for strength

y = Years for average life = & % VY
pH = pH of c<oil environment

Fo= Goil resistivity
yl = Years for average life for t=.032 in.

-y

t
Y = Years for firet perforation =
\

= 27.58% (log (R -1log (21E0-2420% ag (pH) 2 ) for

= .99 ¥ Reodl, pH:E7L3
af = Adjustment factor reqguired = y / ¥yl
Adjustment Factor Used @
Corresponding bt

/4im0b Hor :;az%@7¢2- : 0.03Y

)¢MAL gé;' é%vrv:(&n; = C.r09 .AAL)

-

= 0. 034 '/

in

H
¥

t
thickness for a 7S-vear firet perforation or 1/2 average life,

o o
= 150
= 9.3
= 2440 chm=—com

pH <= 7.3

= 72 yeares
= 2.08

0.109/// in

. /gxnoﬁ Abr 4ZZS§?ﬂJ | = 05/0?-¢ﬁ/ = /2 ;ﬂngL

R /7 V) gagt

2 % “ X I/Z 4 CO"I’UW(Gw

Ok
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~20rxugata%ﬁMetal Pipe T/EE/D]
Structural Design BJIF /KM

e Ha of Steel Drainage and Highway Construction Products,
I; American and Steel Institute, 1983, Chapter 3, Fages 99124,

Site conditions,

é FIFE RECORD NUMRBER: 10

H LOCATION: ST ZE+00

la]

h

W
bed

1% in

Fipe diameter =
Height of cover == 11 ft
Weight of scil = 140 pof
Backfill soil density (AABHTO epecified) = 95 %
oH pH of s0il envivonment = .

F Gzil resistivity = 3930 chm—-om

e awoes e dmas sares saets somme i v et pmtvn peves boiny M MSHed SHSSS Sonts Save mARS $0084 S SS491 S fmats i SRS SIS PSS FRERS fns vt R4S B Mes MYES $0004 hese HLen Aotis Maes i P et Ao 4o E4S Soons Flene At ek Ghete eld e GU4Cn I O Pubte Gee0e AH00s AP GmLen ot bvey SREDS 0S4 S0as0 FERPS M FHAMY S000s st e

N H

Compute dead load,
DI = Dead load = h # w
Compute live load,
Live load on effective plane at top of pipe (LL)Y from
Concrete Pipe Handbook, acpsa, 1988, pg 4-28 - 4-33:
Critical HE-20 loading configuration:

"
-
0
piy
'vl

=
19
-*'

Fo= Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Flane = 24,08 ft

W = Width of Flane ' = 24,92 ft
Favag = Average Fressure Acting on FPlane
= F % IF / W / L B0 psf
LL = Live load = 80 pef
Compute the design load,
pv = Design pressure = DL+ LL = 1620 pef
Etrvuctuwre design,

it

if
o

s = Dpan = d/12 = 1.2 ft
o o= Ring compression = py ® /2 = 1018 ppf
ko= Load factor = 0. 65

o= Radives of gyration from Table 1-4, page 42 in

fo = Allowable wall stresse from Figure 3-6, page 103 pel

a = Wall section area = o/fc int2/ft
t = Thickness from Table 3-2, page 107 in

I = Moment of inertia from Table 2-2, page 107 in~4/ft
.

f

r
=i
= Mrdulus of elasicity SE+07  1b/in™2
= Flexibility factor = d™E/E/ZI1E < 0432 for factory made pipe.
L0200 for field assembled pipe.

rugatiocn v dr/» fo a L I ff
im? £ir fpsild - Cin™2/fE) tin? Cin™d/fto

-
X}
R
%

r

j1—-1/3uw1/4 0. 080 188 25385 0, 040 0,034 0. 002 0. 036

2x1/2 D.170 858 255885 0. 040 0. 024 0. 002 0.0SOk//ﬂg;
RV ACT S WA 0.172 87 F2EERE 0. 040 0, 03¢ 0.011 0.008

=

3w 0. 244 S 253285 a. 040 0.034 0.051 Q. 002
oo 0. 268 41 253285 0. 040 O.0ed 0.106 0.001

25 IS

& 0. 688 22 25385 0. 040 0,103 0. 725 0. Q00

- R s wmh




v

[ S— g e 23

v F >
—

/

0,034

]

o= Minimum thickness for strength

/

75

- (
glect thichknese for a 78%-yvear first perforation or 172 average life,

Y = Years for firset perforation =

y = Years for average life = 2 * VY 150
pH = pH of soil envivonment = .2
Froe= Sodl resistivity = 2920 chm—om
yl = Years for average life for $=.03% in.
= 27.58% (log(RI~1og(21E0-2430%lagipH) ) for pH <= 7.8

= 2.3 % RUL41, pHE7.3 = 88 yeare

af = Adjustment factor reguived = y / ¥yl = 1.71

Adiustment Factor Used : P
Corresponding te 0.1039

"

614734/;é¢

/f;ﬂ; 9/2/ -A%OQW%VAL

Lo SLor  (orroscow = O./07 4w

o Aoy Sl s = 0,/0F aw =>4z prey
S e /2 Page

/ . .
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Fth Street FE30397

Corpuaated Metal Fipe 7/22/91
2trwctural Dead BIF /KM

2 Hamdbook of 9 e and Highway Construction Products,

Lk ra ‘.g
American and Steel Instit 1982, Chapter 2, Fages 299-124.

ite conditions,
FIFE RECORD NUMBEER i1
LOCATION: STA 21440
d = Pipe diameter = 15 inm

e

- -

h = Height of cover = 10 ft
w = beight of soil = 140 pef
bed = Backfill smil density (AASHTO specified) = 95 %

pH = pH of s0il envivonment 3.
o= Boil resistivity = T30 ohm—-cm

 evre et arecs cooue $2004 ors teers omiat st Sanen Siabe s Mest mes VMOER BAIS e SHRSS Frbve BOALE ns nher s Bevee mass mE Snent $9008 FEPPS H4SVY Seeve fo0ed SHbie Mabks Sheen Mote dmest MMMSC ot ewes Bobes Smeah Mmeet SHind SeaAd 1000 fries Smtne mmess Sobse WOL FRARE TGS bR SOS4N SO0 SOORS AUSOR SOSEL Mt HHSSS TTRAS TPORS 000 ke St S84V Sr0dn GTmre Seint dmrem st

-

Compute dead load,
DL = Dead load = h ¥ w = 1400 psf
Compute live load,
Live load on effective plare at top of pipe (LLY from
Corcrete Pipe HMandbaowol, acpa, 1988, pg 4-38 - 4-33:
Critical HE-20 loading configuration:
o= FPoint Load
IF = Impact Factor
L= Length of Flane : 22,33 ft
W o= Width of Flane = 23.17 ft
Favg = Averege Fressure Acting on Flane
= x IF / W / L = o2 p
L= Live load = 932 psf
Tompute the design load,
oy o= Design pressure = DL+ LL = 1492 paf
Structure design,
mood /1 =z 1.5 ft

i A

#
o
o

Lbs

]
[ars

Hi

n
1
H

DA 1o wopy e 33 ppf
ko = I A

= in
from Figure 2~&, page 103 nei
& (- S ‘ in™2/ft
towm Thickness from Table 3-2, page 107 in
I = Moment of inertia from Table 2-2, pape 107 in~4/ft
T o= Modalus of elasicity 2E+07  1b/Zin™E
fo=m Flewibility factor = o"2/ET#12 < 042332 for factory made pipe.

af gyration from Tabhle 1-4, page 4
wall stress

ionm areas =

crrugation v d/r fiz a t I ff
timd Cird (psid)  Cin™2/ft)  dimd tin™4/ft)

D]
]

1/ wlsd ., Q80 188 2EERE 0,037 0. 0324 Q. 002 0,026

L]

223w/ 0,172 87 2538 Q. 037 0. 0324 0.011 0. 008

Z % 1 0. 344 e et 0,032 0,034 0.051 0. 00z
I w1 0. 268 41 253285 0.03 0. 064 2. 106 0.001
6 x = Q. 688 e 25585 0,03 0. 109 0,725 Q. OO0

foor field assembled pipe.

- - S e . - ) - e ;-
2wl/2 0,170 g8e 2ESRE 0. 032 0. 034 Q. 002 0. 050 / o



= Minimum thickness for strength = r, O in
... . |
Eler+ thw‘}nerf or & 7Zo-yvear first nevfovation or 1/2 average 1ife,
Yeare fur flfg+ per foration = = 7
i y = Years for average life = 2 % Y = 150
li pHos pH oof soil environment i 9.2
had Bom Godl resistivity = 29320 ohm-om

]

N4

yi = Yearas for average life for t=.032 in.
= 27,08 1ogiR)-1oglZ1E60-2490%lag(pHd ) for pH <= 7.2
= Z,Ee ¥ RUL41l, pHE703 = 84 Years
af = Adjustment factor requ:red =y / yl = 1.71
Adivstment Factor Used @ 2.
1UMV/

Corvesponding t: in.

Ay For Strergtl = 0,039
A Por Conosonw = 0,109

L A P st F 0T = 2 gape

.

L. e Sz f’éyf—

2%” X I/Z " ﬁm/,?a/mﬂs' CE_




H
l‘x

Ith Street : EK2057
l',.urrucm’ccc{ Metal Fipe T/2ESE

Sy tiutral e BIF /M

anetruction Produs
-1 2 '1 .

Drainage and Highway

|dhmml .
itute, 1983, Chapter 2, Fages

ﬁmerlu;

Site conditions,

] FIFE RECORD NUMBER: 1z
LOCATION: STA 12+60
d = Fipe diameter = 18 in

h = Height of cover = 11 ft
'l w = Weight of soil = 140 pof
sd = RBackfill e0il density (AASHTO specified) = 95 %
o o= ok oof soil envivonment = 7.8

Fo= 8oil resistivity = 33230 ochm-—om ©

[y

Compute dead load,
DL = Dead load = h % W = 1540 pef
ompahe ive load,
Live lmad o effective plane at top mf pipe (LLY from
mrcrete Pipe Handbook, acpa, 1988, pg 4-3238 - 4-3
Eritiu 1 HE-20 loading anflguratimn:
o Point Load = 48000 Lbs
IF = Impact Factor = 1
L = Length of Flane = 24,08 ft
W o= Width of Flane = 24,92 ft
Favg = Average Fressure Acting on Flane
= F * IF / W /7 L = 80 pef
| Ll o= Live load = 80 psf
Tompute the design load,
ow o= Deelogn oressure = DL+ LL = 1620 paf

(-J

1‘t

s I e A L I S i A
l}Etr‘r._tc:tL.wr-“ decsion,
== Bear o= /12 ] 1,05 f4

mom Pimg compression ooy o# g/l = 1012 ppf

i @l e -

- o p

ko= load Tactoor = O.65
yo= Radiovs of gyration from Table 1-4, paae o2 in
fo o= Allowable wall stress from Figure 3-&, page 105 ped

'] & = Wall section ares = o/fc in™z2/ft
1
|
!
!

o= Thickrness from Table -2, page 107 in

I = Moment of inertia from Table 2-2, page 107 in™3/ft
Eowm Modulus of “xﬁr]|lt“ , SE+O7  1b/in™3
ff = Flexibility fas

wofd R E/IRLE 0 L0438 for factory made pipe.

OZO00 for field assembled pipe.

—h
i

a £ T ff
=i (intE/fty fim Cin=d/ft)

l Corrugetion v Ay

£ir) fimd p

|
l,l 1-1/3u1/4 0, 080 188 25385 00 0. 034 0. 002 0. 0326
Z2wlsz 0,170 28 25585 0,040 0,034 0,00 0. 050
S2=2/2R152 0,172 87 25385 0. 040 ﬁ O3 ..911 0,008
, 3 w1 Q. 344 <4 253285 0. 040 L O34 0, 051 0O, Q00
! S w1 Q. 268 1 25288 0. 040 ..064 0,106 O.001
= 0. 88 o 2O30BS .00 0. 109 0.725 0. 000

gr.




l? . .!:
Celect thickrness

[

q_a - u —_— ﬂ

0. 0324 V/ in

for a 7O9-yvear first perforation or 1/2 average life,

Minimum thickness for strength a

Faad
ll

Yom Yoo for fivet perforation = = 7
y o= Years for average life = 2 % Y = 150
pH = pH of soil environment ) = 7.8
Bo= 8edl vresistbivity = 2350 ohm-om

vyl = Yeare for average life for t=.032 in.
= D7.EE%(lag iR -log(2160-2490%agipHd ) for pH <= 7.3

= 2,91 % RN.41, pHE7.3 = 8z years
af = Adjustment factor requived = vy /7 yl = 1.83
Adiustment Factor Used : 2.8
Covresponding t: 0.109V// in.

0.034 W

|

Loy For Sfrmf‘b

/fmx)z, /"37’ ﬂarraS/mu = 0./109 e

S Ay, /a‘,» d{_g/?;‘,- = 0./97 o = /7 2agc
S e )2 fay-e,

v . .
2% x\/Z/ @ar/wya,'/mf” (@

[
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.C—H:h Street EK3037
Ccorrugated Metal Fipe 7/8/731
lStru:t ural Design EJF /KM

Re: Harndbook of Steel Drainage and Highway Cornstruction Froducts,
' Americarn and Steel Institute, 1383, Chapter 3, Fages 939-124.
Site

coenditions,

FIFE RECORD NUMEER: 1
LOCATION: STA S8+01.5 — STA B8+41.5
d = Fipe diameter = 12 in
h = Height of cover = 0.5 ft
w = Weight of scil = 140 pef
bsd = Rackfill scil density (AASHTO specified) = 95 %
pH = pH of scil envircrmernt = 8.0
R = Scil resistivity = 3670 chim—cm

'Cr-mpl\ta dead lacad,
DL = Dead lcocad = h % w = 70 psf

Compute live load,
' Live lcad on effective plane at top of pipe (LL) from
Corecrete Pipe Handbook, acps, 1988, pg 4-38 — 4-33:
Critical HS-20 loading configuraticn:
' F = Paint Laad = 16000 Lbs
IF = Impact Factor = 1.3
L = Lerngth of Flare = 1.70 f¢
W = Width of Flare = =. 54 ft
Favg = Averange Pressure Acting on Flarne
=P % IF / W / L = 4733 psf
L. = Live load = 4733 psft
'C mpute the design lcad,
= Desinmn pressure = DL + LL = 4863 psf
Stwuctuwe desingr,
' s = Span = d/12 = 1 ft
c = Ring compressicon = pv % /2 = 2432 ppf
k = Load factor = Q. 65
r = Radius of gyration from Table 1-4, pange 42 i
l fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall section area = o/fc intZ/ft
t = Thickress from Table 3-2, papge 107 in
. I = Momernt of inertia from Table 3-2, page 107 in~4/ft
E = Modulus of elasicity SE+07  1b/in"&
ff = Flexibility factor = d"2/E/I%12 ( .0432 fer factory made pipe.
' { L0200 for field assembled pipe.

}Cc«r*ra.\gat icnr » d/r fc a t I ff
l {in) {ir) (psi) {in"2/Ft) {ir) (in~4/ft) L
' [
1 1-1/E8%1/4 0. 080 150 £5385 0. 036 0. 034 . 002 0. 023" ,4 K—
Zxi1/2 0. 170 71 25385 0. 0396 0.034 Q. 002 0. 032 0/
E-2/3x1/E 0. 172 70 253685 G, 0396 0. 034 0.011 0. 0057 =
EEECEE S O. 344 35 2E385 0. 036 ) 034, 0. 051 0. 001
5 X O, 368 33 25385 0. 096 Q. 064 0. 106 0. 001
' & x & 0. 688 17 253685 0. 036 0,103 . 725 0. OOO/

1 <




R B om U A =

m

zzm}u Ao _Hrangthe = 0.03¢ _

g Hor Corrosrers = OA/O?W

Aoy For 4,/,;5,74;; = O./09 - /> gage
o lee s2 gage

//,co L VIOUS age Sfor acceptfali Wa@fa{(a}cﬁ

t
t = Mividimum thickness for strength = 0.034// in
elect thickrness for a 7S5-year first perforation or 1/2 average life,
Y = Years fcr first perforation = = 75
y = Years for averapge life = 2 % Y = 150
pH = pH of scil ernvirormment = 9.3
R = Scil resistivity = 2440 chm—-om
yl = Years fcr average life for t=.032 ir.
= £7.58% (lag(R)-lcg{2160-2430%1lcg{(pH))) for pH (= 7.3
= Z.94 ¥ R~. 41, pH)7.3 ‘ = 7 yEars
af = Adjustment factcor requirved = y / yi = z. 08
Adjustment Factor Used : E.E“//
Corresponding t: G, 103 iri.

15%




"'at h Street
Corrugated Metal Pipe
Structural Design

|

American and Steel Institute, 13883, Chapter 3,

mSi te conditions,

EK3037
7/8/91
BJIF /KM

Handbook of Steel Drainage arnd Highway Constructicrn Froducts,
FPanes 99-124.

FIFE RECORD NUMEER: 10
LOCATION: 8STA 26+01.5 — 8TA E26+41.5
'} d = Fipe diameter = 12 in
h = Height of cover = Q.5 ft
. w = Weight of scil = 140 pef
'% bed = BRackfill scil density (RASHTO specified) = 95 %
pH = pH «f scil ernvivorment = 3.2
R = Baoil resistivity = 3930 chim—cm
T e e s e oo et omene e oot S50 oo v e emes S0 3050 S50 S S 4nam S S0 1ot S oS00 str00 oo S s S4em S50 St S S St S AP0 St b e et S50 Se00 St S b1 S Farte S S04 S S50 S e S0 YV S e S0t 454 S v et 048 S002 e a0 008 S000 St
'C« cmpute dead load,
DL = Dead load = h % w = 70 psf
Compute live laoad,
W Live lcad or effective plane at top of pipe (LL) from
Corcrete Fipe Handbook, acpa, 1988, pn 4-38 — 4-33:
Critical HS—-20 lcading configuration:
FF = Point Load = 16000 Lbs
IF = Impact Factor = -3
L = Length of Flare = 1.70 ft
W = Width of Flane = 2,54 ft
W Favg = Average Fressure Acting on Flane
=B % IF / W / L = 4793 psf
v = Live locad = 4733 psf
lCumpute the design load,
= Design pressure = DL + LL = 4863 psf
Structuwre desipgn,
£ = Sparn = d/1Z = 1 f¢
c = Ring compressicon = pv * s/& = 2432 ppf
k = Loaad factor = 0. 65
| r = Radius of gyraticn fyom Table 1-4, pape 42 iy
'i fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall sectiocn area = c/fc in™2/ft
t = Thickrness from Table 3-2, page 107 in
. I = Moment of irertia from Table 3-2, page 107 in~4/ft
E = Mocdulus of elasicity SE+QO7  1b/inmE
ff = Flexibility factor = d"2/E/I*12 ( .0433 for factory made pipe.
. ¢ L0200 foorr field assembled pipe.
. Corrugaticrn r d/r fo a t I ff
2 {ir) (ir) {psi) tin2/Ft) (i) Cin™4/fFt)
‘1 1/78x1/4 0. Q80 150 25385 0. 096 0. 034 0. 00Z Q. 023 ALC
i 2x1/2 0. 170 71 25385 0. 036 0. 034 C. 002 0. 032
"E’ ~2/ER1/2 0.17& 70 25385 0. 0396 0,034 0.011 0. 005 %
: 3 %1 C. 344 35 25385 0. 036 0. 034 0. 051 0. 001
) 5 x 1 0. 268 33 25385 0. 036 0. 064 Q. 106 0. 001
I & w2 Q. 688 17 25385 0. 036 0. 109 0. 7285 Q. 000

/159
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t = Mindimum thickress for strerngth = Q. 034 ir

Select thickrness for a 7S5-year first perforation cr 1/82 average life,

Y = Years for first perforation = = 75
y = Years fcr average life = 2 % VY = 180
pH = pH of s0il ernvircrment = 9.2
R = 8Boil resistivity = 3330 chim—cm
Yl = Years for average life for t=.052 ir.
= 27.58%(leg(R)~1loag(2160-2430%lag(pH))) far pH (= 7.3
= .94 ¥ R™. 41, pHY7.3 = 88 YEars
af = Adjustmernt factor required = y / yi = 1.7
Adjustment Factor Used : E.E’/
Corresponding t: 0. 103 ivie

/M//i ,«4/ 5'//,0/4%/‘ = 0.037 ww

o for Corrosien = 0107 aw

o Ao for désrf'\) z 0. (07 ws => 2z Fa g

S ae /2 faff«_

Sex MQVW’/: e gL For ACClprtabli Uarrafa/fm

160
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I'E)t h Street ER3037
Corrupgated Metal Fipe 7/8/91
'Structur‘al Design BJIF /KM

Re: Handbook of Steel Draimage and Highway Ceormstructien Praducts,
Americarn and Steel Institute, 13983, Chapter 3, Fapes 99-124.

lSi te coanditions,

FIPE RECORD NUMRBER: 11
LOCATION: STA 21+41.5 - STA 21+81.5
d = Pipe diameter = 24 ivs
b = Height of cover = 0.5 ft
w = Weight of scil = 140 pcof
l bed = Backfill scil demsity (ARASHTO specified) = 25 %
i pH = pH of scil environment = 3. 2
R = Sail resigtivity == 3930 chm—cm
lCc:mpute dead lcad,
DL = Dead lcad = h * w = 70 psf

Compute live load,
' Live locad on effective plane at top of pipe (LL) firom
Corcrete Fipe Handbook, acpa, 1388, pg 4-38 - 4-33:
Critical HS-20 lcading conmfigwration:
' Po= Point Laoad = 16000 Lbs
! IF = Impact Factor = 1.3
) L = Length of Flane = 1.70 ft
' W = Width of Plarne = .54 ft
' Favg = Average Pressure Acting on Plarne
' = % IF / W / L = 4793 psf
X L = Live load = 4733 psf
'Comp ute the desigw load,
pv = Design pressure = DL + LL = 4863 psf
Structure design,
l 5 = Span = d/18 = 2 ft
c = Ring compressicon = pv ¥ s/8 = 4862 ppf
k = Laad factor = Q. 65
r = Radius of gyraticr from Table 1-4, page 42 ivs
fo = Allowable wall stress from Figure 3-6, pape 105 pei
a = Wall sectiorn area = o/fc im™2/ft
| t = Thichness from Table 3-2, page 107 irs
l I = Moment of irnertia from Table 3-2, papge 107 i 4/ fFt
E = Modulus of elasicity SE+07 1b/in"Z
ff = Flexibility facter = d2/E/Ix1Z2 ( .0433 for factory made pipe.
l ( L0200 for field assembled pipe.
| Ccrrugation  » d/r fo a t I ff
' (ire) Civ) (psi) (im2/Tt) (i) (irm™4/ft)
11-1/2x1/4 0. 080 300 25168 0. 1393 0. 034 0. 002 Q. 09;.} Jo0o M
' exl/e 0.170 141 25385 0. 192 Q. 034 G. 002
Z-2/30178 0. 172 140 25385 0. 138 0. 034 G.011 O 021
. 3 ® 1 Q. 344 70 25385 Q. 18z 0. 034 0. 051 Q0. UO‘»E
’ S x 1 0. 268 €5 25385 0. 188 0. 064 0. 106 o0 —
l & x & 0. 688 35 25385 0. 1392 0. 103 0. 725 U alele]

1ie!
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l t = Mivimum thickness for strength = 0. 034 in
Select thickrness for a 75-year first perforation o 1/2 average life,
I Y = Years fcr first perforaticn = = 758
y = Years for averane life = 2 % Y = 150
pH = pH of scil envircrmernt = 3.2
l R = Sail resistivity = 33930 chm—-cm
; yi = Years for average life for t=.052 in.
= 27.58%(log(R)-1og(2160-2430%1ag(pH))) for pH (= 7.3
= E.94 % R™. 41, pHY7.3 = 88 years
'J af = Adjustment factcor required = y / yi = 1.71
Adjustment Factor Used : E’.E/
. Corresponding t: 0. 103 in.
i

o S Strampb = 003Y e
/

’ - 0- 07 /0;4)
l} Aoy, for Corresien = /

}
'! ‘ Lo desgn = O /07 v =2 /2 9age

‘. -/{/9{//6

'l <o Mse /2 gage

l} L prevrors oogE. o Abtpia b Cotpgat oS

Wz
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l§9t i Street EK3037
Corrugated Metal Fipe 7/8/31

.}Struct wral Design BJIF /KM

Re: Handbook of Bteel Drairnage and Highway Conmstruction Froducte,
Americarn and Steel Institute, 1983, Chapter 3, Fages 99-1&4.

I]Site conditiors,

FIFE RECORD NUMEER: 2
' LOCATION: STA 12+61.5 — STAR 13+01.5

ll d = Pipe diameter = 21 in

h = Height of cover = 0.5 ft

w = Weight of scil . = 140 pef
m bsd = Hackfill scil density (RASHTO specified) = 95 %

pH = pH of scil ernvirornment = 7.8

R = SBcil resistivity = 3330 chm—cm
l}Cc-mpute dead lcad,

DL. = Dead load = h % w = 70 psf

Live load on effective plarne at top of pipe (LL) from
Caricrete Pipe Handbaok, acpa, 13988, pg 4-38 - 4-33:
Critical HE-20 loading configuratico:

l‘Cc«mpute live load,

'] F = Point Laad = 16000 Lbs
IF = Impact Factor = 1.3
L = Length of Flare 1.70 ft
} W = Width of Plare = Z2.54 ft
l} FPavg = Average Pressure Acting onm Plane
= F * IF / W / L = 4732 psf
] LL = Live load = 4793 psf
vlt:c-mpute the design load,
pv = Desigr pressure = DL + LL = 4863 psf
Structure desipwn,
s = 8parn = d/1i2 = 1.7 ft
c = Ring compression = pv % /& = 4256 ppf
k= Load factcr = 0. 65
r = Radius of gyratiorn from Table 1-4, papge 48 iry
'} fo = Allowable wall stress from Figure 3-6, pane 1095 psi
a = Wall section area = co/fc CAnmE2/Ft
) t = Thickrness from Table 3-Z, page 107 ive
li I = Moment of irertia from Table 3-2, page 107 int4/ft
! E = Modulus of glasicity : SE+Q7  1b/in"Z
ff = Flexibility factor = d"2/E/I%12 ( .0433 for factory made pipe.
' ¢ 0200 for field assembled pipe.
Corrugaticn » d/v fo & t I ff
' (in) Cir) (psi) (ivi2/7Ft) (ir) (im™4/ft)
1-1/7&8x1/4 0. 080 263 25385 0. 168 Q. 034 0. 002 C. 071§ To0 ”‘7"
TR W 0. 170 124 25385 0. 168 0. 034 0. 002 0. 038
. E-2/3x1/72 0.172 12z 235385 0. 168 0. 034 0.011 0. 016
, R 0. 344 &1 25385 0.168 0. 034 0. 051 0. 003 & Ok
] S ox 1 0. 368 57 253685 0. 168 0. 064 0. 106 0. 002 \ =
li £ x = 0. 688 21 2S30% 0.168 0. 1073 . 725 0. 00C
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t = Mirnimum thickriess for strength =

Y = Years forr first perforation = =
y = Years for averapge life = 2 % Y =
pH = pH of sail envircrment =
R = 8ail resistivity =
yl = Years for average life for t=.,052 in.

27.58%{1log (R)-1log(2160-2430%1ag (pH))) for pH (
2.94 ¥ R, 41, pHY7.3 =
af = Adjustmernt factor requived = y / yi =
Adjustment Factor Used :

Correspending t:

Hon

, _ 0.03
Lo For 5?0/;7/4 = ¢ -

: - R 4 /Jf/
Aner @I"’ Corrascons @./0
(W L

’ e

Lo e /2 gagL-

Sec 7 W&c/;l\' pra g€ For gt lle  Cpon c/‘ga//c’)"(

0. Q034

75
150
7.8

3350

-

= 7.3
az

1.83

-~
e

0. 103

in

Select thickness for a 789-year first perforation or 1/&8 average life,

chm—cm

yRars

ir.

' szt de\” d‘{ff-_i?7;"') = 0.7 = sz ?af’c
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t = Minimum thickness for strength = 0. 034 in

Sselect thickress for a 75-year first perforation or 1/2 averape life,

Y = Years for first perforaticon = = 75
vy = Years fcr averapge life = 2 % Y = 150
pH = pH of scil envirorment = a
R = Scil resistivity = 3670 chin—cm
yl = Years for average life fcr t=.002 in.
= 27.58% (log(R)-1lan({2160-2430%lcg(pH))) for pH (= 7.3
= 2,94 ¥ R*.41, pH)7.3 = as years
af = Adjustment factor required = y / yi = 1.7¢
Adjustment Factor Used @ E.E:/,
Corresponding t: 0. 103 ir.

/mm‘, ,4)/ (S?Mf/é’ = 0-03‘/ .aW
Aﬁﬂ/i. jé% (%fn%woh/ = 0./0F e
S A For alsigw = 007 we =2 /2 gage

S. e gz fdfj’
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9th Street
Carrugated Metal Pipe

EK3037
7/8/731
BJIF /KM
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'qt ructural Design

Hardbook of Steel Draivage and Highway Constructicr Froducts,

Americarn and Steel Institute, 1983, Chapter 3, Papes 99-1&4.
lSite conditions,
FIFE RECORD NUMEER: 2
LOCATION: STA S3+71.5 — STA 54+11. 5
d = Fipe diameteyr = 30 in
h = Height of cover = 0.5 ft
w = Weight of scil = 140 pof
bed = Backfill scil density (AASHTO specified) = 95 %
pH = pH of scil environment = 8.
R = Scil resistivity = 3670 chm—cm
lC-:umpute dead lcad,
DL = Dead lcad = h * w = 70 psf
Compute live load,
. Live load orn effective plarne at top of pipe (LL)Y fram
Cormcrete Fipe Hanmdbook, acpa, 138988, pg 4-38 - 4-33:
Crzt:cal HS-2¢0 loading configuraticr:
' o= Point Lcoad == 16000 Lbs
IF = Impact Factor = 1.3
L = Length of Flanrne = 1.70 ft
W = Width of Flanrne = Z.594 ft
l FPavg = Average Pressure Acting on Flane
= P % IF / W / L = 4793 psf
LL = Live load = 4733 psf
'Cc‘rnpute the design load,
= Design pressure = DL + LL = 4863 psf
Structure desigry
' s = Span = d/1& = 2.5 ft
c = Ring compressicon = pv ¥ s/2 = €073 ppf
k = Load factor = 0. 65
r = Radius of gyraticr from Table 1-4, page 42 in
l fo = Allowable wall stress from Figure 3-6, page 100 psi
a = Wall sectiom area = o/fec I M i
t = Thickness from Table 3-8, page 107 iv
I I = Maomernt of ivertia from Table 3—-2, page 107 irn™4/ft
E = Mcdulus of elasicity SE+07  1b/in™E
ff = Flexibility factor = d™E2/E/I%1Z2 ( .0433 for factory made pipe.
l ( . 0200 for field assembled pipe.
Corrugation » d/r fe a t I ff
. {irs) {ir) (psi) (ivr™2/Ft) {iry) (in™4/ft)
1-1/8%x1/4 0. 080 375 28007 0. 876 0. 034 0. 00 1443%40 H7
' 2xli/e G. 170 176 25385 0.2339 0. 034 0. 002 . 200
= :/éXl/E 0.172 174 25385 0. 2339 0. 034 0.011 0.0o 2 v
3 % 0. 344 87 253685 0. 239 0. 034 0. 051 Q. 007“/0k;
S5 x 0. 268 z 25385 0. 233 0. 064 0. 106 0 UOHV/
I €& % & 0. 688 44 25385 0. 239 0.103 0. 725 . QOO0

IE




t = Miwimum thickrness for strength = 0.034 in

lrSelect thickress fer a 7S5-year first perforation or 1/82 averape life,

ey ooty

Y = Years for first perforation = = 75
y = Years for average life = 2-%¥ Y - = 150
pH = pH of sail ernvironment = 8
R = Scil resistivity = 3670 chm—cm
vyl = Years for average life for t=.002 in.
= 27.58%(lcg(R)-1lag(2160~-2430%lag(pH))) fer pH (= 7.3
= Z.94 % R™. 41, pH}I7.3 = a8s years
af = Adjustment factor required =y / yi = 1.76
Ad justment Factcor Used : E-EV/
Cerresponding t: 0. 103 ivi.

Lo Ao S/Wg& = O-084 e

Ftin Sor (orroscov = O.f07 s

A, 742, CZQSG?’Lv’: 0./09 e  /z Pa g

.

--W/Z;mgfez
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liet h Street EK3037
Ccrrunated Metal Fipe 7/8/31

IEStr*uc:t wral Desion EBJIF /KM

Re:- Handbocok of Steel Drairnage and Highway Comstructicorn Froducts,
American arnd Steel Institute, 1983, Chapter 3, Panges 399-184.

IIS ite conditions,

FIFE RECORD NUMEBER: 3
l] LOCATION: 8TA S0+11.5 ~- STA S0+51.5
4 d = Fipe diameter = 30 in
h = Height of cover = G, 5 ft
w = Weight of scil = 140 pcf
Ii bsd = Backfill scil density (RASHTD specified) = 25 %
pH = pH of scil envirorment = 8.9
) R = Snil resistivity = 2200 chm—cm
liCc-mpute dead load,
DL = Dead lcad = h * w = 70 psf

Live load on effective plarne at top of pipe (LL)Y fram
Cornorete Pipe Handbook, acpa, 1988, pg 4—-38 -~ 4-33:
Critical H8-20 lecading comfiguraticwm:

.lCCumpute live load,

ll P o= Point Load = 16000 Lbs
IF = Impact Factor = 1.3
L = Lermgth of Plare = 1.70 ft
E W = Width of Flare = 2.54 ft
I; Favg = Average Fressure Acting on Flare
= % IF / W / L = 4733 psf
LL = Live laad = 4793 psf
lCc-mpute the design load,
pvy = Desigrn pressure = DL + LL = 4863 psf
Structure designr,
l s = Span = d/iZ = 2.5 ft
c = Ring compressicon = pv * /2 = 6073 ppf
k = Load factor = 0.65
r = Radius of gyratiorn from Table 1-4, page 4& in
_ fo = Rllowable wall stress from Figure 3-6, page 105 psi
a = Wall sectionm area = offc i 2/ft
t = Thickrness from Table 3-2, pane 107 i
l I = Momert of irnertia from Table 3~2, page 107 int4/ft
E = Modulus of elasicity SE+07  lb/in™2
, ff = Flexibility factocr = d"2/E/I%1& ({ .0433 for factory made pipe.
l: { 0200 for field assembled pipe.
§Cc«r*rLtgat icm d/v fo a t I ff
.g’ {(ir) (iwv) {(psi) {im™Z/ft) (iwy) {in™4/ft)
11-1/78x1/4 Q. 080 375 S2007 0. 276 0.034 0. 002 0. 1442700 HI7"’
li eZxnise 0.170 176 25385 0.233 0. 034 0., 002 0. 200
2-2/3x1/82 0.172 174 25385 0. 233 0. 034 0.011 0. 032
\ 3 x 1 O. 344 a7 235385 0. 233 0. 034 0. 051 Q. 007 0/4
I | 0. 368 ag 25385 0. 239 0. 064 0. 106 0. 003 =
' & % Z 0. 688 44 2G53858 0. 239 Q. 103 0.725 0. QOO0
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t = Mirnidmum thickness for strerngth = 0.034 irn

Select thickress for a 75-year first perforatiorn cr 1/2 average life,

Y = Years for first perforation = = 75
y = Years for averapne life = 2 % Y = 150
pH = pH of scil envircormert = 8.9
R = SBcil resistivity = zZ200 chim—cim
yl = Years for average life for t=.052 ir.
= 27.58% (1ag(R)~1og{(160-2430%lag{(pH))) fer pH (= 7.3
= 2.94 ¥ R™. 41, pH}7.3 ‘ = €3 years
af = Adjustmernt factor required = y / yi1 = 2.17
Adjustment Factor Used : 2. 2 V//
Corresponding t: 0. 103 iri.

L for  Stamgt = O.05dem
Aniix, Hor Corrostony = 0. /07 <

S Jf,vué fé;' aﬂnw;émz = g./0% x#«l == /Z ;?«5DL

S Albe /2 Gage

See ,0&1/1-003 Jongh for acceptable eé”f‘fu%a,é(gr\_s
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'.'Bth Street EK3037
Ccorrugated Metal Fipe 7/8791
l;Str*uc:’cur*al Design BJIF /KM
‘Re: Hardbeoaok of Steel Drainage and Highway Cornstructien Froducts,
? American and Steel Institute, 1983, Chapter 3, Fages 93-184.
IlS:i‘l:e conditions,
FIFE RECORD NUMEBER: 4
'} LOCATION: STA 47+01.5 — STA 47+41.6
; d = Pipe diameter = 30 in
h = Height of cover = 0.5 ft
w = Weight of sail = 140 pcf
l bed = Backfill scil density (RASHTO specified) = 95 %
pH = pH of =s¢il envirorment = 8.3
R = 8cil resistivity = 2200 chm~crm
'ECCumpute dead load, :
DL. = Dead lcad = h * w = 70 psf

ECompute live lcoad,

l Live lead on effective plane at top of pipe (LL) from
Carerete Pipe Hamdbook, acpa, 1988, pg 4-38 -~ 4-33:

Critical HS-20 locading configpuraticor:

lz F o= Point Load = 16000 Lbs
IF = Impact Factor = 1.3
, L = Length of Flarne = 1.70 ft
l W = Width of Plare = .54 ft
' Favg = Average Fressure Acting on Flare
=P % IF / W / L = 4733 psf
i LL = Live laad = 4733 psf
I@c«mpute the design load,
pv = Design pressure = DL + LL = 4863 psf
Structure design,
w s = 8pan = d/1Z = Z.5 ft
c = Ring compressicn = pv % s5/2 = 6073 ppf
‘ W = Load factor = Q.65
| v = Radius of gyraticn from Table 1-4, page 4& in
l§ fo = Allowable wall stress from Figure 3-6, papge 105 psi
a = Wall section area = c/fc ing2/ft
: t = Thickress from Table 3-2, papne 107 in
|’ I = Momernt of irvertia froam Table 3-8, page 107 in™4/ft
E = Modulus of elasicity SE+Q7  1b/inm"2
ff = Flexibility factcr = d"S/E/Ix*12 ( D433 for factory made pipe.
l_ ¢ L0200 for field assembled pipe.
§Cc-r*r*ugatic-n r d/r fo a t I ff
. (irs) (ivi) (psi) (in™2/Ft) (ir) (in™4/ft)
11-1/38x1/4 0. 080 375 22007 0. 276 0. Q34 €. 00& 0. 144 7?/3,7',(__,
li Ex1/& Q. 170 176 23385 0. 233 0. 034 0. 002 . 200
- o-2/3x1/2 0.172 174 25385 0. 239 0.034 0.011 0. 038
, S %1 0. 344 87 25385 0. 239 0. 034 0. 051 0. 007 ok
8 % 1 0. 368 8z 25385 0. 239 Q. 064 G. 106 0. 003 =
' £ x 2 0. 688 44 25385 0. 233 0. 103 0. 725 0. Q00
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0. 034 in

b

t = Mividmum thickrness for strerngth

ISelect thickrness for a 75—year first perforation cor 1/2 average life,

Y = Years for first perforatiorn = = 75
y = Years fcr average life = 2 % Y "= 150
, pH = pH of scil ernvirorment = 8.9
R = Bcil resistivity = 2200 chmm—cm
: ¥yl = Years for average life for t=.0582 in.
= Z7.58% (lag(R)-1cg(2160-2430*1lag(pH))) for pH (= 7.3
ll = 2.94 % R™. 41, pH)7.3 = €39 years
af = Adjustmert factor reqgquired = y / yi = 2.17
Adjustment Factcr Used : 2o i
Cerresponding t: Q. 103 ir.

—.- o —m»!’ ”ﬁg

Losron, S &‘/Mffé{/ = 2.039 _.

Jﬂw~d ;fgf‘ Crrrosierw = 0107 wrv

HAor 468/7)0 = 0./0F . == /2 Fage
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Ii’at h Street

Corrugated Metal FPipe
l1 Structural Design

FIFE RECORD NUMEER:

ERI097

7
B

Re: Hardback of Steel Drainage and Highway Cormstructicorm Proaducts,
Americarn arnd Steel Institute, 1983, Chapter 3, Fages 3939-124.

/87391
JF /KM
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' Site conditions,

b
LOCATION: 8TA 43+01.5 — STA 43+41.5
lj d = Fipe diameter = 30 in
h = Height of coaver = 0.5 ft
w = Weight of s0il = 140 pef
l bsd = BRBackfill scil density (RASHTO specified) = 95 %
pH = pH of scil ernvironment = 8.3
R = Scil resistivity = 2200 chim—cm
l» Compute dead load,
DL = Dead lcad = h % w = 70 psf
Compute live lcaad,
' Live lcad on effective plarne at top of pipe (LL) from
Coricrete Pipe Handbook, acpa, 1988, pg 4-38 - 4-33:
Critical HS-20 lcading comfiguraticnm:
FF = Point Load = 16000 Lbs
IF = Impact Factor = 1.3
L= Lerigth of Flane == 1.70 ft
W = Width of Plane = Z.54 ft
l Favg = Average FMressure Acting on Flarne
= B % IF / W / L = 4733 psf
LL = Live laad = 4733 psf
IC«:«mpute the design locad,
pv = Design pressure = DL + LL = 4863 psf
Structure desigr,
I 5 = Span = d/18 = 2.5 ft
o = Ring compressicon = pv ¥ /& = &073 ppf
k = Load factor = Q. 65
r = Radius of pyraticrm from Table 1-4, page 42 irs
l fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall sectiorn area = o/fc in™g2/ft
t = Thickrness from Table 3—-2, pane 107 in
I I = Moment of irertia from Table 3-2, page 107 ir4/ft
E = Modulus of elasicity SE+07  1b/in"E
; ff = Flexibility factor = d"2/E/I%12 ( (0433 for factory made pipe.
l{ ¢ L0200 fer field assembled pipe.
CC«\“Y‘L\gatluﬂ " d/» fo a t I ff
l (i) (im) {psi) (irnm2/ft) (i) (irn™4a/Ft) -
. 3750 l‘l’%)
' 1-1/78x1/4 O, 08O 375 22007 0. 276 0. 034 Q. 002 0. 14470
l Zxi/e 0. 170 176 25385 0. 239 0. 034 0. 002 0. 200
.—.’/.:.xl/._ 0. 172 174 25385 0. 233 0. 034 0.011 Q. 032
3 x Q. 344 a7 £5385 0. 233 0. 034 0. 051 0. 007 ¢ 0K
S x 1 0. 368 az 25385 0.239 0. 064 0. 106 0. 003 /
l €& x & 0. €88 44 =5385 0.233 0. 109 0. 725 Q. 000

X B
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0. 034 ir

i

t = Mirndmum thickness for strerpgth

Select thickrness fer a 785-year first perforatiorn or 1/8 averane life,

= Years for first perforaticn = = 75
y = Years for averape life = 2 % Y = 150
pH = pH of scil ervirorment = 8.9
R = Boil resistivity = 2200 chm—cm
yl = Years for average life for t=.052 ir.
= 27.58%(log(R)~-1cg{2160-2490%lag(pH))) for pH (= 7.3
= .34 % R™. 41, pH)7.3 = 69 years
af = Adjustment facter required =y / y1 = 2. 17
Adjustment Factor Used ZeZ
Cerresponding t: 0. 1093 iri.

Zond  Aor  Sprempt = 0. 037 0

. v = O0./07 e
Aoyn For  Corrosion

A P desigr 2 TN ==z pape

S Mle /2 Fag-<
et poepnds page For  a Ccgprable  Corrugasions



l '9th Street EK3097
Cerrugated Metal Pipe 7/78/931
l Structural Design BJIF /KM

Re: Hardbook of Steel Draimane and Hinhway Constructiorn Products,
Americar and Steel Institute, 1983, Chapter 3, Fages 33-1Z4.

I Site conditicnms,

FIFE RECORD NUMEER: 12)
: LOCATION: 8TA 37+01.5 - 37+41.5
l d = Pipe diameter = 21 in
h = Height of cover = 0.5 ft
w = Weight of scil = 140 pof
l bsd = Backfill scil density (AASHTO specified) = 95 %
pH = pH of sBcil enviraornment = 3.3
R = Sail resistivity = 2440 chm—cm
I Campute dead laad,
DL = Dead locad = h % w = 70 psf

Compute live load,

Live lcad on effective plare at top of pipe (LL) from
Corcrete Fipe Handbook, acpa, 1988, pg 4-38 — 4-33:
Critical HS8-20 locading configuration:

; Fo= Point Load = 16000 Lbs
: IF = Impact Factor = 1.3
L = Length of Flane = 1.70 ft
W = Width of Flare = 2.54 ft
Favg = Average Fresswe Acting on FPlane
= F % IF / W / L = 4733 psf
L = Live laad = 4733 psf
Compute the design load, '
pv = Desigwn presswe = DL + LI = 4863 psf
Structure design,
s = 8pan = d/1Z = 1.75 ft
c = Rirng compressicon = pv ¥ s/2 = 4256 ppf
K = Load factor = 0. 65
v = Radius of pgyration from Table 1-4, pange 4& ir
fo = Allowable wall stress from Figure 3-6, page 105 psi
a = Wall section area = co/fc in2/ft
! t = Thickress from Table 3-2, page 107 ir
: I = Momernt of inertia from Table 3-2, page 107 inm™4/fFt
E = Modulus of elasicity SE+07  1b/inm2
ff = Flexibility factor = d"2/7E/I*18 ( 0433 for factory made pipe.

( L0200 for field assembled pipe.

ICorrugaticn d/r fo a t I ff
{ {ir) {ir) {(psi) {in™2/Ft) {in) (in™4/ft)
El—l/Exl/é 0. 080 263 25385 0. 168 Q. 034 Q. 008 OnO?lE?&ﬂ A@fé)
PoExi/E 0. 170 124 25385 0. 168 Q. Q34 0. Q0O 0. 0398
‘B-E/3x1/8 0. 17 122 25385 0.168 0. O34 0.011 0. 016

3 »x 1 0. 344 61 25385 0. 168 0. 034 0. 051 0. 003¢ 0K

S x 1 0. 368 o7 25385 0. 168 0. 064 0. 106 G. Q0 =

& x & 0. 688 31 25385 ¢. 168 0. 109 0. 725 0. OO0
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Select thickriess fecr a 75-year first perforation o 1/2 average life,

v

0. Q034 irs

[

t = Minimum thickress for strength

Y = Years for first perforation = = 75
y = Years for average life = & % Y = 150
pH = pH of scil ernvirorment = 9.3
R = 8cil resistivity = 2440 chin—crm
yl = Years for averane life for t=.052 in.
= 27.58% (lcg(R)~-1oang(2160-2430%lcg{pH))) for pH (= 7.3
= £.94 % R~ 41, pHY7.3 = 72 YEArs
af = Adjustment factor required =y / yl = =2. 08
Adjustmenrt Factor Used 3 E.EV//
Corvesponding t: 0.109 iri.

Zoip. S Stangh = 0037

Arn S Corraseon, = G107 am
. /'ﬂ{/zu A2y dgs@v'ﬂ) = 0,/07 wn = /2 ?aq/‘-

S Mse sz gage

»Ja, e V(G'\US /);2;24 ,/a>7’ ¢ CC,&/W f’arr‘oyd/(mr
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3th Street EK3037
Corrunated Metal Fipe 7/8/731
Structural Design BJIF /KM

.Re: Hardbook of 8S8teel Drairnape and Highway Constructiorn Products,
Americar and Steel Institute, (983, Chapter 3, Fages 99-124.

l Site conditions,

l { L0200 for field assembled pipe.

FIFE RECORD NUMEBER: 9
LOCATION: STA 30+51.5 — 8TA 30+31.5
l] d = Pipe diameter = 15 in
b= Height of cover = 0.5 ft
w = Weight of =cil = 140 pef
bsd = Backfill scil dewnsity (RASHTO specified) = 95 %
. pH = pH of scil environmernt = 3.3
R = Soil resistivity = 2440 chm—cm
I_» Compute dead load,
DL = Dead lcad = h ¥ w = 70 psf
jCompute live lcoad,
Live lcad o effective plane at top of pipe (LL) from
l Corcrete FPipe Handbaok, acpa, 1988, pg 4-38 - 4-33:
oy Critical HBE-20 loading configuraticon:
' P = Point Load = 16000 Lbs
l IF = Impact Factor = 1.3
L. = Lerngth of Flane = 1.70 ft
W = Width of Plane = .54 ft
I Favg = Average Pressure Acting on Flane
=k *® IF / W/ L = 4733 psf
LL = Live load = 4733 psf
Compute the design load,
I pv = Design pressure = DL + LL = 4863 psf
Structuwre desigr,
& = Span = d/1& = 1.85 ft
l ¢ = Ring compressicon = pv % s/2 = 3040 ppf
k= Load factor = C. 65
r = Radius of gyratiorn from Table 1-4, pange 42 ’ in
fo = Allowable wall stress from Figure 3-8, page 105 psi
l a = Wall section area = co/fc int2/ft
t = Thickress fraom Table 3-2, page 107 in
I = Moment of irertia from Table 3-2, pape 107 in™4/ft
l E = Modulus of elasicity SE+QO7  1b/in"E
ff = Flexibility factor = d"2/E/I%12 ( .0433 for factory made pipe.
Corrugation » d/y» fo a t I ff
lj Cive) (irs) (psi) (iv™2/Ft) (i) (in™4/ft)
1-1/78x174 Q. 08GO 188 25385 0. 120 0. O34 0. 00Z 0. 036> Ok .
i e2xi/z 0.170 88 25385 0. 120 0. 034 0. 00Z 0. OS50 —m Too Higs
l 2-2/3x1/2 0.172 87 . 25385 0. 120 0. 034 0.011 Q. 008
) 3 x 1 Q. 344 44 25385 0. 120 Q. 034 0. 051 0. 002 Ok
9 o x 1 0. 368 41 25385 0. 120 0. 064 0. 106 Q. 001
l- & % & 0. 688 22 25385 0. 120 0,103 0. 725 €. Q00
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