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/ \ \= <\, 
May 19, 1993 

- 
Mr. Ralph Goodall 
City of Phoenix, Street Transportation Department 
Design & Construction Management Division 
1034 East Madison Street 
Phoenix, Arizona 85034-2292 

EVANS, KUHN & ASSOCIATES, INC. 
GEORGE L. EVANS, P.E. 
JOHN D. KUHN. JR., P.E. 

Re: Major Trunk Storm Sewer 
9th Street from Bell Road to Union Hills 
Index No. ST-887299 
Drainage Report Addendum No. 1 
EKA# 3097 

Dear Mr. Goodall: 

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' 
design specifications: 

Diameter Corruaation Thickness 

If you have any question please call. 

Very truly yours, 

EVANS, KUHN 61 ASSOCIATES, INC. 

Project d a g e r  V ' 
Enclosures 
3097PC1.305/ADMINl/dma 



9 t h  S t r e e t  E t::: 3 (1) 9 7 
C:orrc.tga.ked Meta l  P i p e  0 5 /  18/93 
S t r u c t u r a l  D e s i g n  B Jf / t:::M 
-----------------.----, ".."..-.----"--~----.---".-"...-----------"-.---.....-....---".-~--.--" ---.-..--.--- ........................................................................ 
F:e: Harrdt~ou~:: s f  S t e e l  D r a i n a g e  a n d  Highway C ~ = ~ n s t r u c t i ~ = ~ n  P r o d u c t s ,  

Amer ican  a n d  Steel I n s t i t u t e ,  1983, C h a p t e r  3, P a g e s  9'3-124. ......................................................................... ........................................................................ 
S i t e  c c ~ n d i t  i u n s ,  

P I  F'E REC:OF:D NUMBER : 1 
LOC:AT ION: STA 13+50  
d  = P i p e  d i a m e t e r  - - 102 i n  
h  = H e i g h t  o f  ct:~ver - - 9 f t  
w = Weight  of s c t i l  -. - 1 4 0  pc  f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  C A A S H T O s p e c i f i e d )  = 95 % 
pti = pH o f  s o i l  env i rc rnment  - - 7.8 

R = Scl i l  r e s i s t i v i t y  - - 3350 111hm-c m 
........................................................................ 
C:smpu.t e d e a d  1  ~ a d ,  

DL = Dead l o a d  = h  * w - - 126O p s f  
C~:tmput e 1 i v e  1  tad, 

L i v e  l a a d  on e f f e c t i v e  p l a n e  a t  t o p  o f  p i p e  (LLS f rom 
C o n c r e t e  P i p e  Handbook,  a c p a ,  1988, pg 4-38 - 4-33: 

C : r i t i c a l  HS-20 l o a d i n g  c u n f i g u r a t i c t n :  
P  = P o i n t  Load - - 4800(:) L b s  
I F  = I m p a c t  F a c t ~ z t r  - - 1 
L  .= L e n g t h  o f  P l a n e  - - 2(:). 58 f t  
W = Width  ctf P l a n e  - - 2 1 - 4 2  f t  
Pavg = A v e r a g e  P r e s s u r e  Act  i n g  on P l a n e  

= P  * I F  / ( w  + L) - ..... 1(:)'3 p s f  
I-L = L i v e  1  clad - - 103 p s f  

C:~smput e t; h e  d e s i g n  1  a a d  , 
pv = D e s i g n  p r e s s u r e  = DL + LL - - 1369 p s P  

S t  r u ~ : . t ~ t r e  d e s i q 1 7 ,  
5 = Span  = d / 1 2  -- - 8.5 f t  
c = R i n g  c t = ~ m p r e s s i o n  = p v  * 5/2 - - 5818 p p f  
k = Load f a c t o r  - - 0.65 
r = R a d i u s  u f  g y r a t i o n  fr~:~m T a b l e  1-4, p a g e  4 2  i n  

f c  = Al lc lwab le  w a l l  stress; f rom F i g u r e  3-6, p a g e  1O5 p s i  
a = Wall s e c t i o n  a rea  = c / f c  i n  ''. 2 / f t 
.t = T'hicl.::ness from T a b l e  3-2, p a g e  iO7 i n  
I = Moment o f  i n e r t i a  f rum T a b l e  3-2, p a g e  1 0 7  in."..4/ f t 

E = M ~ d u l u s  o f  e l a s i c i t y  3E-i-07 1 b  / i n."'.2 
f f  = F 1 e : r ; i b i l i t y  ' f a c t o r  = d."2/E/I*12 .::: , 0 4 3 3  f~:tr- f a c t ~ z ~ r y  made p i p e .  

.::: .r:)2(:)(:) f u r  f i e l d  a s s e m b l e d  p i p  

C:l:trrugatictn r d / r  f I, a t I f  f 
(: i n  (: 3. rr 1) ( p s i : )  . L / f t  1) ( : in:)  ( in."4/ f t :I 

(. i ..% .- 



2; .= Minimum thi~:i::ne.;s for  s t r e n g t h  - - r:) . O E, 4 i n  

S e l e c t  thi l : l : :ness  fctr a 7 5 - y e a r  f i r s t  p e r f ~ : ~ r a t i o n  tztr 112 a v e r a g e  l i f e ,  
Y = Years f u r  f i r s t  p e r f c t r a t i c t n  = .- - 75 

y = Years f o r  a v e r a g e  l i f e  = 2 * Y - - 150 
pH = pH c ~ f  s c ~ i l  e n v i r o n m e n t  - - 7 .3  

F: = Soil  r e s i s t i v i t y  - - 335(:) cthm-1:: m 
y 1  = Year 5 for  a v e r  a g e  1 i f e f u r  t =. 0 5 2  i n .  

= 27.58*(1t:tg(R>-11:1gi:21~[:)-24'3~)*11=1g(pH:):):) for pH .::= 7.3 
= 2 . 9 4  * ~.+.. . .41, ~ ~ : : : 7 , 3  - - 3 2  y e a r  s 

a f  = Ad. jus tmen t  f a c t o r  r e q u i r e d  = y / y 1  - - 1.83 
A d j u s t m e n t  F a c t o r  Used  : 2.2,' 
Ct: trrespunding t : 0. 10'3 i n .  

S e l e c t  C o r r u g a t i o n  for Minimum T h i c k n e s s  tztf 0. l(:)rJ i n .  

[:or r u g a t  i o n  r d / r  f c  a t I f f  
( i n )  ( i n : )  ( p s i  :) ( in-" '2  / f t : )  ( i n : )  ( i n W / f t S  

- ;  (:).(:)80 1275 2333 2 . 4 9 4  i:) . 1 (11'3 (:I . (:) 1 Ct 0 . 4 0 4  
2 x  1 12 0 .  1 7 0  6 0 0 1(:)534 ( 1 ) .  552 (1) . 1 (3'3 (1) . (:I 4 2 0 ,  i:)98 

~1-2/3~,;1/2 0.172 
& 

593 1 0 7 8 4  (1) , 54:) 0 .  109 0. (114 1 (1) . 1 C) 1 

3 x 1  0.  3 4 4  2'37 25291 0. 230 (1). 10'3 0.185 0, (:)22 

5 !4 1 0.368 277 25385 0 , 2 2 9  0 .  109 Ct. 188 0, (:)22 
6 x 2  (3.688 1 4 8  25385 (:) . 229 (:) . 1 0'3 (3. 725 (1) . (:)(:I 6 

U s e  fctr D e s i g n :  C u r r u g a t  i o n  = 3 !/; 1 i n  
T h i c k n e s s  = (1) . 1 (1113 i n 



'9th S t r e e t  ~t:::3097 
1::1:1rrugat e d  Metal P i p e  05/18/93 
St r u c  t u r  a 1  D e s  i grr E J F /  P::M 
^ ---- .. ---- .....- ----_ --------- ------ "---- -----..---------- --- ----- - --------- -. --....- ........................................................................ 
Re: Handboc~k o f  S t e e l  D r a i n a g e  a n d  Highway C:clnstrcrcti~:ln P r ~ d i r ~ t s ,  

Amer ican  a n d  Steel I n s t i t u t e ,  1'383, C:hapter  3, P a g e s  99-124. 
--.--------.-------------------------------------------------------------- ........................................................................ 
S i t e  c o n d i t i o n s ,  

PIPE RECORD NUMBER: .- A 

LO1::AT I  ON : STA 18+5(:) 
d  = P i p e  d i a m e t e r  - - 1(:)2 i n  
h  = H e i g h t  of c o v e r  -- - 9 f t  
w = Weight  o f  s1~1i1 - - 1 4 0  p c f  

b s d = B a c k f i l l  s o i l  d e n s i t y  CAASHTO s p e c i f i e d : )  = '35 % 
pH = pH I Z I ~  s o i l  e n v i r o n m e n t  - - 7.8 

R = Sc l i l  r e s i s t i v i t y  - - 3350 i~~hm-c m 
........................................................................ 
C:ompute d e a d  l o a d ,  

DL = Dead l o a d  = h  * w - - 1261:) p s f  
C:ompu%e 1 i v e  1 mad, 

L i v e  11:iad c ~ n  e f f e c t i v e  p l a n e  a t  t c ~ p  u f  p i p e  (LL:) f rom 
1 2 o n c r e t e  P i p e  Handbook,  a c p a ,  1'388, pg 4-38 - 4-33: 

C r i t i c a l  H S - 2 0  l o a d i n g  c o n f i g u r a t i o n :  
P  = P u i n t  Load - - 48(:)00 L b s  
I F  = Impac t  F a c t o r  - - 1 
L  = L e n g t h  u f  P l a n e  - - 20.58 f t  
W = Width  uf  P l a n e  -- - 21.4.2 f t  
Pavg  = Aver a g e  P r e s s u r e  Act  i n g  on  F'l a n e  

= F ' * I F / W / L  - - 1c:)'S p s f  
LL = L i v e  l o a d  - - 109 pc,f 

C:ompute t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL e LL - - 136'3 p s f  

S . t r u c t u r e  d e s i g n ,  
= S p a n  = d / 1 2  - - 8.5 f t  

I:: = R i n g  cl:lfnprec,sion - p v  * s / 2  - - 5818 ppf  
I.:: = L.sad f a c t  or - - (1). €5 
r = R a d i u s  I Z I ~  g y r a t i o n  f rom T a b l e  1-4, p a g e  4 2  i n  

f c  = A l l o w a b l e  w a l l  s t ress  f r c ~ m  F i g u r e  3-6, p a g e  105 p s i  
a = Wall s e c t i c t n  area = c / f~ : :  i ."' 2 / .f t 
t = Thic!::ness f rom T a b l e  3-2, p a g e  107 j. n 
I  = M o m e n t  o f  i n e r t i a  f rom 1 " a b l e  3-2 , p a g e  107 i n  ."'. 4  / f  t 
E = Modulus  o f  e l a s i c i t y  3E-i-c:)T lb/j.r\. '"2 

f f  := F 1 e : v ; i b i l i t y  f a c t o r  = d."2/E/I*(.X2 <:: .(:)433 ft=~r f a c t c i r y  made p i p e .  
.< . 0 2 0 0  f o r  f i el d  a s s e m b  1 e d  p i p  



.t: = I"linim~.tm t h i c k n e s s  for.  s t l ~ e ~ - ~ g t h  .- -- (1) . (1) 6 4. i n  

S e l e c t  t h i c  1::nesr; fl-ir a 7 5 - - y e a r  f i r s t  p e r  f u r  a t  i o n  o r  1/2 a v e r a g e  1 i f e ,  
- - -. =- Y = Years fctr f i r s t  p e r f o r a t i t : ~ n  - /,.J 

y = Years f u r  a v e r a g e  l i f e  = 2 * Y -- -- I 5 i:) 
pH = pH o f  ~ j c l i l  e n v i r c ~ n m e n t  - ...- 7.8 

F;: = Sc t i l  r e s i s t i v i t y  -- - 335(:) ohm-~: m 
y 1  = Years f o r  a v e r a g e  1 i f e  f u r  t=.052 i n .  

= 27,58*(lsg(W:)-lsg(216(:)-2490*log(pH:):):) f o r  pH (= 7.3 
-- - .:, .34 Jc F:.#.. . 41, pH>7 .3  - - 82 y e a r s  

L .  

a f  = A d j u s t m e n t  f a c t l s r  r e q u i r e d  = y  / y l  - - 1.83 
Ad.j ~ ( 5 %  ment  F a c t  or Used : .- .- L'. d 

I::ar r e s p c ~ n d  i n g  t : 0. 109 i n .  

Sel e c t  Cor  r ugak i u n  f t:tr M i n i  mum T h i c k n e s s  o f  (1). l(3'3 l n .  

C:ctr r u g a t  i o n  r d / r  f  c a t I f f  
( i n : )  ( i n : )  ( p s i : )  ( i n " 2 / f t : )  ( : i n >  ( i n."4/ f  t :I 

Use f a r  Design: C c t r r u g a t  i o n  = 3 x 1 i n  
Th i t :  k n e s s  I= (1). 10'3 i n  



'3tI-I S t r e e t  E 1::: 3 (1) '3 7 
f:orrtrga' l :ed M ~ . t a l  P i p e  <:IS/ 18.1'32 
S t r  ~ i c t ~ t r  a]. D e s i q n  E J F" ,,' I::: M ---- "-- .-l---.----------------.l..-...- ^--- .-----. " ---.-.---,----.-.-----------.-----.-.---------.-.----. * -..-- -----__---_" _----------------------------" -----------------.------------------ 
R e :  H a n d b u ~ k  o f  S t e e l  D r a i n a g e  a n d  Highway 1::onstruct icrn P r o d u c t s ,  

A m e r i c a n  a n d  S t e e l  I n s t i t u t e ,  1983, C h a p t e r  3, P a g e s  99-124.  
--.. - ...-.. - ..-.-_...---,-.---- " ---------------.----------------------------.-----------..--.-.---.- ". I-.----- .---- - ._------------ - ------ - .......................................... 
S i t ~  ~ ~ n d i t  i c t r - 1 ~ ~  

P  I  PE REC:ORD NUMHEF: : r7 a 

LCSCAT I  ON: STA 2 3 + 4 5  
d  = P i p e  d i a m e t e r  - - 1(:)2 i n  
h  = H e i g h t  t:af 1:over -- - 1 (:I f  t 
w = W e i g h t  u f  s~:til - - 14(:) p c f  

b s d  = B a c k f i l l  s c ~ i l  d e n s i t y  C A A S H I O s p e c i f i e d : )  = 95 % 
pH = pl-l o f  s l r ~ i l  e n v i r o n m e n t  - - '3" 2 

R = S 1 2 1 i l  r e s i s t i v i t y  - - 3'330 ohm-c m 
........................................................................ 
1::ampute d e a d  1 o a d ,  

DL = Dead lctad =: h * w - - 1 4 0 0  p s f  
C:smput e 1  i v e  1  clad, 

L i v e  l u a d  ctn e f f e c t i v e  p l a n e  a t  tctp o f  p i p e  t:LL:) f r u m  
C:c~nt:rrte P i p e  Handb~=~t:ti::, a c p a ,  1'388, p g  4-38 - 4-33: 

C r i t i c a l  HS-2C) l t r tad ing  c s n f  i g u r a t  icln: 
P = Pctin% L c ~ a d  - - 4f3(:)(:)(:) L b s  
I F  = I m p a c t  F a c t o r  - - 1 
L = L e n g t h  o f  P l a n e  - - 22-33 f t  
W = W i d t h  o f  P l a n e  -. - ' 7 8  3 

1.d. 17 f t  
F'avg = A v e r a g e  P r e s s u r e  f i c t  i n g  a n  P l a n e  

= F ' * I F / W / L  - - '33 p s f  
LL = L i v e  11:lad - - 93 p s f  

C:t:~mpuZ;e t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 14'33 p s f  

S t r u c t u r e  d e s i g n ,  
s = S p a n  = d / 1 2  -" - 8.5 f t  
c =: R i n g  ct:tmpressi~:tn .= p v  ?+ 5 1 2  - - 6 3 4 4  p p f  

- I.:: = L.oad f a c t  ctr - 0. €5 
r = R a d i ~ t s  u f  gy ra t i l z tn  frclm T a b l e  1-4, p a g e  4 2  i n  

f c  = A l l c ~ w a b l e  w a l l  s t r e s s  fri~~rn F i g u r e  3 - G ,  p a g e  1 0 5  p s i  
a ::: 1 s e c f  i121n area = c / f c i ."'. 2  / f .L 

.t = "TI-) i t  l::~-bee,.; f r  om l -ab 1 e 3-3: p a g e  107 i n  
I r= Moment o f  i n e r t i a  frclm T a b l e  3-2, p a g e  107 i n  ." 4  / f  t 
E = M o d u l u s  ctf e l a s i c i t y  3E+(:)7 l b / i n " 2  

f f  - F 1 e x i b i l i Z ; y  f a l : t c~ r  = d."2/E/I?+12 .::: .(I1433 fclr  f a c t c ~ r y  made p i p e .  
.::: .(:,2i:)(:) f~:tr , f i e l d  a s s e m b l e d  p i p  

I:ctr r  ~ t g a t  i o n  r 
( i n : )  ( i n : )  



S e l e c t  t h i c k n e s s  f o r  a 7 5 - y e a r  f i r s t  p e r f o r a t i c t n  12tr 1/2 a v e r a g e  l i f e ,  
Y = Years f o r  f  i r  st p e r  fctr a t  i o n  = - - 75 
y  = Years f u r  a v e r a g e  l i f e  = 2  * Y - - 1 5 0  

pH = pH of s c t i l  e n v i r o n m e n t  - - 9 .2  
R = S t z t i l  r e s i s t i v i t y  - - '7,- '7 uhm-crn 

y l  = Years ftztr a v e r a g e  l i f e  f o r  t=.052 i n .  
= 27.58*(1t=tg(R:)-lt~tg(21C3(:)-249(:)+log(pH:):):) fctr pH (= 7.3 
. - .- d . 9 4  s Fi:.''. 4 1 ,  pH:.'.7.3 - - 88 y e a r s  

a f  = Ad.just;ntent f a c t o r  r e q u i r e d  = y / y l  - - 1.71 
Ad.j u s t  m e n t  F a c  t ctr Used : 2.2 

C:urresptztnd i n g  t : 0. 109 i n .  

S e l e c t  1~:orrugatit:tn f c ~ r  Minimum T h i c k n e s s  tztf 0 .  l(:)'3 i n .  

C:or r u g a t  i o n  r d / r  f c  a t; I f  f  
( i n : )  ( i n : )  ( p s i : )  ( i n A 2 / f t  ( i n : )  ( i n  .'" 4 / f t :) 

U s e  f o r  D e s i g n :  Cc l r ruga t  i o n  = 3 x 1 i n  
T h i c k n e s s  = Ct. lr:)'2 i n  



9 t h  S t r e e t  E b:: 3 '3 7 
C:t:trrugated Metal P i p e  C)5/ I3/ '33  
St ru t : tc t ra l  D e s i g n  ~i J F / I.::: PI ---- ---- -----. --- -.----- ----"-------.--"---------------------.--"-"------.-..-----.--.-."----- --,-----------------------"--.---------------------------"--------------.---- 
: Handbl:tt:tI:: u f  S t e e l  D r a i n a g e  artd Highway C : o n s t r u c t i u n  P r o d u c t s ,  

Amer ican  a n d  S t e e l  I n s t i t u t e ,  1983 ,  C h a p t e r  3, P a g e s  '3'3-124. 
--------.----------------------------------------------------------------- ........................................................................ 
Si te  c o n d i t i o n s ,  

P I  PE RECORD NUMBER: 4 
LOCAT I  ON: STA 28c45.71, 3 3 . 2  
d  = P i p e  d i a m e t e r  -. - 66 i n  
h  = H e i g h t  o f  c o v e r  - - 11.5 f t  
w - Weight  I : I ~  s c t i l  - - 1 4 0  p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (AASHTO s p e c i f i e d : )  = '35 % 
pH = pH o f  soil e n v i r o n m e n t  - - 9.2 

R = Soil  r e s i s t i v i t y  - - 393(:) ohm-c m ........................................................................ 
C1:ttnpu.t e d e a d  1 u a d ,  

DL = Dead lctad = h * w - - 1GIQ p s f  
C:omput e 1  i v e  1 o a d ,  

L i v e  l o a d  can e f f e c t i v e  p l a n e  at; t o p  t:tf p i p e  (LL:) f r o m  
C ~ z t n c r e t e  P i p e  Handbctok, a c p a ,  1'388, pg 4-38 - 4-33: 

C r i t i c a l  H S - 2 0  l o a d i n g  c a n f i g u r a t i u n :  
P  = Pct in t  Load - - 48(:)00 L b s  
I F  = Impac t  F a c t o r  - - 1 
L = L e n g t h  o f  P l a n e  - - 2 4 . 9 5  f t  
W = Width  o f  P l a n e  - - 25.79 f t  
Pavg  = A v e r a g e  P r e s s u r e  A c t i n g  a n  P l a n e  

= P * I F / W / L  - - 75 p s f  
I-L = L i v e  llz~ad - - 75 p s f  

C:umpute t h e  d e s i g n  l o a d ,  . 
p v  = D e s i g n  p r e s s u r e  = DL + LL -" - 1635 p s f  

Strul: . l ;~cre d e s i g n ,  
s = S p a n  = d / 1 2  - - 5.5 f t  
c = R i n g  c o m p r e s s i o n  = p v  * s / 2  - -- 4 5 3 3  

-. - PP f 
k = Lc~ad f a c t o r  0.65 
r = R a d i u s  t:~f g y r a t i o n  frctm T a b l e  i -4 ,  p a g e  4 2  i n  

f c  = All1:twable w a l l  s t ress frctm F i g u r e  3-6, p a g e  105 p s i  
a = Wall sec t i l :~n  area = c / f c  in.'..2/ f t 
t = T h i c k n e s s  f rom T a b l e  3-2, p a g e  107 i n  
1 .- M1:tmen.l; of i n e r t  i a  frtrtm T a b l e  3-2, p a g e  1 0 7  i n .". 4 / f  .t 
E = Modulus  1:1f e l a s i e i t y  "JE+(;)7 lb/in.....- L 

f  f  = F1e:l ; ibi l  i t y  f a c t t s r  = cl."2/EJ/1*l2 -::: .(:)433 fcty fat:tl:try made p i p e .  
.::: . 02r:)O f o r  f  iel d  a s s e m b l  e d  p i p  



t = PIinitn~tm thi t : I : :ness  f c ~ r  s t r e n g t h  - - (1) . 3 4  i n  

S e l e c t .  t h i c l . : : nes s  f o r  a 7 5 - y e a r  f i r s t  p e r f c t r a t i o n  clr 1 /2  a v e r a g e  l i f e ,  
Y = Years f o r  f i r s t  p e r  f c t r a t  it:m = - - 75 
y  = Years f o r  a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pH o f  rsclil e n v i r u n m e n t  - - 9.2 
R = S u i l  r e s i s t i v i t y  - - 3'33(:) ohm-c m 

yl = Years f o r  a v e r a g e  l i f e  f o r  t=.052 i n .  
= 27.583((log(R:)-lt:tg(21&(:)-249(:)*loq(pH:t :) 1) for  pl-I .<= 7.3 
- 2 g ,.). * R ..". .... .41, pH)7.3 - - 88 y e a r s  

af = A d j u s t m e n t  f a c t o r  r e q u i r e d  = y  / y l  -" - 1.71 
Ad.j u s t  men t F a c t  c ~ v  Used  : 2 . 2  
C c t r r e s p o n d i n g  t : 0. 109 i n .  

S r l r c t  C o r r ~ t g a t i s n  fctr Minimum T h i c k n e s s  o f  0.1C19 i n .  

U s e  f  t : ~  D e s i g n :  u g a t  i o n  = Z x ' J / 2  i n  
1-17 i t :  k r ~ e s s  = (1) . 1 c:r13 i n  



9tl-I Street E I.:': '7 f-) Cj 7 . d." 
1::t:lrrugated t"ieta1 P i p e  (:)5,' 18,/*:>3 

S t r u c t ~ t r a l  D e s i g n  BJF'/I.::M 
---. - -.----___---_------..---.-----..-- - ---- - .-..---- -- -."....-- - - . " . . - - - - . - - - . - - - - - -  ----_-----------------------------------------------------------.----------- 
R e :  Handbook o f  S t e e l  D r a i n a g e  a n d  Highway C o n s t r u c t i o n  P r o d u c t s ,  

Ameril-an and  S t e e l  Ins ' t  i t u t e ,  1 3 8 3 ,  I1:hapter 3, P a g e s  9'3-124. 
----.....------- * ---.-- __.-- -.-.---------..-- ---"-"-....- -.....----.------------ -. -"...---.----* ------ -.-.....--- - -- - - - - - - - - - - - - -. - - - -.. - - - - -, - - - - - - - - - - - - - - - - -- - - - - - - - - .." - - - - - - - - - - - - - - - - - - - - - - 
S i t e  c1:tndit i o n s ,  

P I  PE F.:EC:OED NUMBEF: : c L I  

L0C:AT I  ON : STA 31-t-00 
d  = P i p e  d i a m e t e r  - - 1 1 4  i n  
17 = H e i g h t  1:tf c o v e r  "- - 7.5 f t  
w = Weight  o f  s c t i l  - - 1 4 0  pc f  

b s d  = B a c k f i l l  s l : t i l  d e n s i t y  (AASHTU s p e c i f i e d : )  = '35 % 
pH = pH of s o i l  e n v i r o n m e n t  - - 3.3 
H = S o i l  r e s i s t i v i t y  -- - 2 4 4 0  ohm-cm 

........................................................................ 
Cumput e d e a d  1 o a d ,  

DL = Dead l o a d  = I-1 * w - - 105(2 p s f  
Cctmpu% e 1  i v e  1 o a d ,  

L i v e  l o a d  on e f f e c t i v e  p l a n e  a t  t o p  1:1f p i p e  ILL:) f rom 
C:oncre.te P i p e  Handbook,  al:pa, 1988, pg 4-38 - 4-33: 

C r i t i c a l  HS-20 l u a c l i n g  1 : o n f i g u r a t i u n :  
P = P o i n t  Load - - 4800(:) L b s  
I F  = Impac t  F - a c t c ~ r  - - 1  
L  = L e n g t h  ~ t f  P l a n e  - - 1 7 . 3 5  f t  
W = Width  o f  P l a n e  -" - 18.73 . f t  
Pavy = A v e r a g e  P r e s s c . t r e  A c t i n g  on P l a n e  

= FZ' * I F" / W / L. - - 1 4 2  p s f  
LL = L i v e  lctad - - 1 4 2  p s f  

Csmpute  t h e  d e s i g n  1  o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1 1 9 2  p s f  

S . l ; r u c % ~ \ r e  d e s i g n ,  
% = Span  = d / 1 2  - - '3.5 f t  
I: = R i n g  cc tmpress ion  = pv * s / 2  - - 5663 p p f  
I.:: = Load f al: t ~ r  -- - (1). 65 
r = R a d i u s  tz~f g y r a % i ~ n  frt:tm T a b l e  1-4, p a g e  4 2  i n  

f c  = A l l o w a b l e  w a l l  s t r e s s  frclm F i g u r e  3-6, p a g e  1 0 5  p s i  
a  = Wall se t : t ion  area = c / f c  i ." 2 ,I f t 
t = ThicC::ne.;s fvl:lnt T a b l e  3-2, p a g e  107 i 1-1 
I  = Mctment ~:tf i n e r t  i a  f rom T a b l e  3-2, p a g e  1 0 7  i ."'. ,q, / .f 2; 

E  = Modulus  0.f e l a s i c i . t y  3E+.(:)7 lb/ ir \ ." ' .z  
f f  = Flex : i t s i J i . l ; y  fat:.l;ur = d.".Z/E/IX-12 .::: .i:).1.33 .fclr .factl:~ry made p i p e .  

.< .i:)2(:)i:) f o r  f i e l d  a s s e m b l e d  p i p  



S e l e c t ;  t h  i c  l.::nes5 fctr a 7 5 - y e a r  f i r s t  p e r  f c ~ r a t  icirt or 1 /2 a v e r a g e  
Y = Years f o r  f i r s t  perfa- ration = - - 75 
y = Years f o r  a v e r a g e  l i f e  = 2 * Y - - j. 3:) 

pH = pH u f  s o i l  env i rc inment  - - '3. 3 
R = Sl:~il r e s i s t i v i t y  -- - 244(1) 

yl = Years f o r  a v e r a g e  l i f e  f o r  t = . 0 5 2  i n .  
- -- 27.58* (1 og (R:) -1 og (21~(:)-249(:)*1 og ( p ~ : )  :I :) f I:I~ PH r;= 7. 3 
= 2, 94 * R*, 41, pt4;27.3 - - 72 

a f  = A d j u s t m e n t  f a c t o r  r e q u i r e d  = y  / yl ...- - 2. (:)8 
A d j u s t  men t F a c t  c ~ r  Used : 2.2 
C o r r e s p o n d i n g  t :  0 . 1 09 

S e l e c t  C~: l r r~rga . t ion  f o r  Minimum T h i c k n e s s  u f  (1). 1(:)'3 i n .  

U s e  f u r  D e s i g n :  C o r r u g a t i o n  = 3 :/; 1 i n  
T h i c k n e s s  = (1). 1(:t13 i n  

i n  

1  i f e ,  

y e a r  5 

i n .  



9 t h  S t r e e t  E I::: 3 (:I 13 7 
C~:~rruga.l;ed Meta l  P i p e  (:)5/ 18/93 
S t r u c t u r a l  D e s i g n  B JF'II.:::M 
----------------- "----" ---."..------------ - -.---------------------- - ------- --..--...--.- ........................................................................ 
R e :  Handbclok o f  S t e e l  D r a i n a g e  a n d  Highway C c ~ n s t r u c t i c l n  P r o d u c t s ,  

Amer ican  and  S t e e l  I n s t i t u t e ,  1983, C h a p t e r  3, P a g e s  99-124. 
--------"--"------.----------.-------------.*------,-------------"--."--.-----.------- ......................................................................... 
S i t e  etztndit i u n s ,  

PIPE RECOkn NUMBER: E  
1-OCATION: STA 3 7 + 5 0  
d  =: P i p e  d i a m e t e r  - - 1 1 4  i n  
h  = H e i g h t  I = I ~  c ~ z ~ v e r  - - l(2.5 f t  
w = Weight  o f  s o i l  - - 1 4 0  p c f  

bfsd = B a c k f i l l  s l : l i l  d e n s i t y  (AASHTO s p e c i f i e d : )  = 95 % 
pH = pH uf s o i l  env i rc tnment  - - 9. 3 

R = Sc t i l  r e s i s t i v i t y  - - 2 4 4 0  ahm-~:m ........................................................................ 
Cc~mpute  d e a d  1 ~ a d ,  

DL = Dead l u a d  = h  * w - - 1470 p s f  
C:smpute 1 i v e  l a a d ,  

L i v e  1 1 ~ 1 a d  on  e f f e c t i v e  p l a n e  a t  t o p  tztf p i p e  (LL:) f rom 
C o n c r e t e  P i p e  Handb~:tuk, a c p a ,  1988,  pg 4-38 - 4-33: 

C r i t i c a l  HS-20 l c ~ a d i n g  c o n f i g u r a t i u n :  
P  = P o i n t  Load - - 4 8 0 0 0  L b s  
I F  = Impac t  F a c t o r  - - 1 
L  = L e n g t h  o f  P l a n e  - - 23.2~) . f t  
W = Width  o f  P l a n e  - - 24 .  (34 f t  
Pavg  = A v e r a g e  P r e s s u r e  Act  i n g  on  P l  a n e  

= P * I F / W / L  - - 86 p s f  
LL = L i v e  11:tad - - 86 p s f  

Cclmpute t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1556 p s f  

S t r u c t u r e  d e s i g n ,  
5 = S p a n  = d / 1 2  -" - 9.5 f t  
I: = Jqi13g ~6mpress i t : tn  = p v  + 1.12 - - , 73'31 p p f  
k = L1:tad f a c t o r  -" - 0 .  65 
r = R a d i u s  of g y r a t i o n  frl:tm T a b l e  1-4, p a g e  4 2  i n  

f c  = A l l o w a b l e  w a l l  s t ress  frurn F i g u r e  3-6, p a g e  1(:)5 p s i  
a = Wall s e c t i c ~ n  area  = c / f c  in.".2/ f t  
.t =. l"hii:l.::ness f r o m  T a b l e  3-2, p a g e  1(:)7 i n  
I  = Mc~rnent o f  i n e r t i a  frt:tm T a b l e  3-2, p a g e  1 0 7  i n  .". 4 / f  t 
E  = Mudulusr; 1:1f e l a s i c i t y  3E+(:)7 l b / i n " 2  

f f  --- F 1 e : l ; i b i l i . t ~  f a c % o r  = d."2/E/I*lZ .< . ( I433 ~I:IY factt:try made p i p e .  
5:: .C)2(:)C) f ~ l r  f i e l d  a s s e m b l e d  p i p  



t 2. Minimum t l i i c l : : n e s s  f111r s t r e n g k h  ...- - i:) . 1 0 '3  

Selel:t. t h i c1 : :ness  for a 7 5 - y e a r  f i r s t  p e r  f o r a t  ictn u r  1/2 a v e r a g e  
Y = Years f u r  f i r s t  p e r  f u r a t  i c ~ n  = - - 75 
y  = Years f o r  a v e r a g e  l i f e  = 2 * Y - - 1 50 

pH = pH 111f s u i l  e n v i r ~ z ~ n m e n t  -- - 9. 3 
F: = S o i l  r e s i s t i v i t y  - - 244(3 

y l  .= Years f o r  a v e r a g e  l i f e  f u r  tz.052 i n .  
- - 27.58*(lctg(R:)-loq(21€(:1-249(:)*1og(pH:):)> f c ~ r  pH .::I= 7.3 
- - 2 . 4 * R ..... - 72 . 4 i ,  pH:::7.3 - 

af = A d j u s t m e n t  f a c t c ~ r  r e q u i r e d  = y  / y l  - - 2 . (38 
.- .- A d j u s t m e n t  F a c t o r  Used : 1.1 

C:urr e s p u n d  i n p  t : (:) . 1 (11'3 

Select C o r r u g a t i s n  f o r  Minimum T h i c k n e s s  tz~f (1). 1(29 i n .  

Cor r u g a t  ictn r d / r  f  c a t I 
( i n : )  ( i n : )  ( p s i : )  ( i n S ' 2 / f t : )  (:in:) ( in"4/  f t 1) 

U s e  f u r  D e s i g n :  Cc l r ruga t  i o n  = 3 :I; 1 i n  
1-h i 11 1:ness = (1) . I (1~3 i n  

i ri 

l i f e ,  

y e a r s  

i n .  



9 t h  S t r e e t  E  I::: 30 9 7 
I::orri.\ga.ted M e t a l  F ' ipe  0 5 1  1 8 / 9 3  
Strut :  t u r a l  D e s i g n  E JF" i't:::M 
.--. - -.--- - --.-..--- - ---..-----.----------.- -- --.-----..-...---..---- -.---------. "",-"-.-" -..-..-..-..--.- --.------------------.----"------------------------------------..-.---------- ------ 
R e :  Handbtsctl:: o f  S t e e l  D r  a i n a g e  a n d  Highway C:oric;truct i o n  P r t : ~ d ~ t c t s ,  

Amer i c a n  a n d  S t e e l  I n s t  i t ~ . ~ t e ,  1'583, C h a p t e r  3, F ' a g r s  '39-124. 
-----*-------.-..-..---.---.- -.--.-..-----.-.-.---. "".--.-.- ..---.-..-.-..-* ---.-------.-- ----.--------------------- --.-----------------.---------------------------------------------.-------- 
S i t e  c o n d i t  il:tns, 

PIPE RECORD NUMBER: 
LOCAT I ON: STA 
d = F ' i p e  d i a m e t e r  - - 
h = H e i g h t  u f  cclver - - 
w = Weight  o f  s o i l  -* - 

b s d  = EacC::fill  s o i l  d e n s i t y  (AkSFiTO s p e c i f i e d : )  = 
pH = pH u f  s c t i l  envi rc tnnrent  - - 

R = Sct i l  r e s i s t i v i t y  - - 
Jzompute d e a d  l o a d ,  

DL = Dead lclad = h )(. w -- - 1 4 7 6  p s f  
Clsmput e 1 i v e  1  s a d ,  

L i v e  l o a d  on  e f f e c t i v e  p l a n e  a t  tclp c ~ f  p i p e  (LL:) f rom 
C c ~ n c r e t e  P i p e  Handbook,  a c p a ,  1\388, pg 4-38 - 4-33: 

C r i t i c a l  HS-20 1t:tading c o n f i g u r a t i o n :  
P - Pct in t  L~:tad - - 4800t:) L b s  
I F  = Impac t  F a c t c ~ r  - - 1 
L = L e n g t h  u f  F ' l a n e  - - 23.2(:, f t 
W = Wiclth 1:lf F ' l ane  -. - 2 4 . 0 4  f t  
Pavg  = Aver a g e  P r e s s u r e  Act  i n g  tztn P l a n e  

= F ' * I F / W / L  - - 86 p s f  
LL = L i v e  1  #:lad - - 86 p s f  

C:ctmpute t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL. -- - 1 5 5 6  psjf 

S t u u l = t u r e  d e s i g n ,  
5 = Spar7 = d / i Z  - - 7 . 5 f  t; 
I: - k i n g  cs,ni>ressit:~n = p v  s s / 2  - - 5835 ppf  
I:: = L I : I ~ ~  fac t121r  -. - (2. 65 
r = R a d i u s  o f  gyra2;il:tn f rom T a b l e  1-4, p a g e  4 2  i n  

f c  = Alll=lwable w a l l  s t ress  f rom F i g u r e  3-6, p a g e  105 p s i  
a = Wall sectit:tn area = c / f c  i n  .+". 2 ,/ f t 
t = 1 - h i c k n e s s  f r t z t m  T a b l e  3-2, p a g e  107 i n  
I = Mt:tmen% 1:1f i n e r t i a  fr~:tm T a b l e  3-2, p a g e  107 i .'.. 4 / .f .t 
E  = Modulus  of e l a s i c i t y  3E+(:)7 lb / i r ) . " .Z  

. f f  ::: F71e: i ; ib i l iky  fac . l ;~s r  - d " " 2 / E / f ~ 1 2  .::: .(:I433 f c ~ r  fal:tctry made p i p e .  
..:: .(:)2i:)0 ft:tr f i e 1 . d  a s s e m b l e d  p i p  



t = Minimum . thici . : :ness for s t r e n g t h  - - (1) . r:) 6 4  i 17 

S e l e c t  t h i c k n e s s  fctr a 7 5 - y e a r  f i r s t  p e r f o r a t i o n  or 1/2 a v e r a g e  l i f e ,  
Y -= Years f u r  f i r  st p e r  f  ctr a t  ictn = - - - c- 

/ \J  

y = Years ft=w a v e r  a g e  1 i f e  = 2  * Y - - 1 5 0 

pH = pH t:tf s t z t i l  envirt:tnment - - 9. 3 

R = Stztil r e s i s t i v i t y  - - 2440 ohm-cm 
y 1 = 'fear f  tzar a v e r  a g e  1 i f e f  tztr t =. 0 5 2  i n .  

.= 27.~E3*( l~g(F.: : ) -1l : t~(21G(:) -241~O*( .1clg(~H:): )1 fctr pH .::= 7.3 
- 2 - 9 4  * R." - . 4 1 ,  pH>.7.3 .... 72 y e a r s  -- 

a f  = A d j u s t m e n t  f a c t u r  r e q u i r e d  = y  / y 1  - - 2. (:)a 
..- .- 

A d j u s t  men t Fac t  tztr Used : 2 

I Z o r r e s p u n d i n g  t : 0. 1(:>9 i n  . 
S e 1 r c . t  C o r r u g a t i c t n  f o r  Minimum T h i c k n e s s  o f  6. 1(:)9 i n .  

C o r r u g a t i o n  r d / r  f c  a t I f f  
( in : )  ( i n )  ( p s i : )  ( i n . " Z / f t >  ( i n >  ( i n . " 4 / f t  :) 

Use for D e s i g n :  C o r r u g a t i o n  = 3 x 1 i n  
Thit:I.::~-~ess = (1). 1(:)'3 i n  



, ~ t ;  t.., st i- eet; E 1::: 3 (1) '37 

C:c~r~c.!ga.ted Metal P i p e  i:) 5 / 1  3 ;' '3 3 
S t r ~ . i ~ t c . t r a l  D e s i g n  H J F  / t:::M 
---.-.--------------- --- ----- -----------------------------.------ ----.-...--..- - ---".- -------------------------------------------------------------.------------ 
R e :  I-landbouk 111f S t e e l  D r a i n a g e  a n d  Highway C u n s t r u c t i o r t  P r o d u c t s ,  

Amer ican  and  S t e e l  I n s t i t u t e ,  1983, C h a p t e r  3, P a g e s  '33-124. 
-------------------------.-----"--------------"- --.-----. --- -..--- - ---- ------ -.------- -.-- ......................................................................... 
S i t e  c o n d i t i o n s ,  

P I  F'E REC:ORD NUMBER: 8 
LOCAT I  ON: STA ~$.c:)+i:)O 
d  = P i p e  d i a m e t e r  - - 90 i n  
h  = H e i g h t  o f  c~:~ver - - 1 C )  f t  
w = Weight  o f  s o i l  - - 14(:) p c f  

b s d  = B a c i : : f i l l  s o i l  d e n s i t y  fAASIi'TO s p e c i f i e d : )  = 95 % 
pH = pH ~ f  s c t i l  envirt:~nmertt ."- - 8. 9 

R = S o i l  r e s i s t i v i t y  - - 22i:)Q clhm-cn.t 

Comput e d e a d  1 clad, 
DL = Dead l o a d  = h * w - - 140(:) p s f  

C:ctmput e 1  i ve 1 clad, 
L i v e  l o a d  on  e f f e c t i v e  p l a n e  a t  t o p  o f  p i p e  CL.L:) f r c ~ m  

C:oncreLe P i p e  tiandhook:, a c p a ,  1988 ,  pg 4--38 - 4-33 dd: 

C r i t i c a l  HS-21:) l o a c l i n g  c o n f i g u r a t i o n :  
F' = F'lztint Load - - 4  a 0 (:I (:I L  b s 
I F  = I m p a c t  F a c t c ~ r  - - 1  
L  = L e n g t h  111f P l a n e  - - 22-33 f t  
W = Width  of P l a n e  -. - 23.1'7 f t  
F'avg = A v e r a g e  P r e s s u r e  Act  i n g  on t31 a n e  

= P * I F ' / W / L  -- - '33 p s f  
LL = L i v e  l o a d  -.. - 93 p s f  

i::c~rnpu.t;e t h e  d e s i g n  lc lad ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1 4 3 3  p s f  

S t r ~ t c t u r e  d e s i g n ,  
5 = S p a n  = d / 1 2  - - 7.5 f t  
c = R i n g  c c ~ r n p r e s s i u n  .= pv * s / 2  - - 55'38 p p f  
I.:: =: Load f a c t c ~ r  - -- 0. &5 
r = R a d i u s  of g y r a t i o n  f rom T a b l e  1-4, p a g e  4 2  i n  

fc. = A l l u w a b l e  w a l l  s t ress  frl-im F i g u r e  3-6, p a g e  105 p s i  
a = Wall s e c t i ~ : ~ n  a r e a  = c / f c  i ." 2 / .f .t 

% = T h i c k n e s s  f rom T a b l e  3-2, p a g e  1 0 7  i n  
I  = M~=lrnen% I:I~ i n e r ' t i a  fr111rn T a b l e  3-'? L ,  p a g e  i(:)7 i n."4/ f  t 
E = Mucl~!l.~ts u f  e l a s i c  i t y  3E-fi.i:)7 l b / i n . " 2  

f f  = F l e : / ; i b i l i t y  fac, l ;~:~r = d" '2/E/I*lZ .< .i:14.33 f1:17 f ac t111ry  p i p e .  
.::: .(:)2i:)i:) . fo r  f i e l d  a s s e m b l e d  p i p  



t = I " l r 3 i r n u m  t l3i1:kness f o r  s . t r e 1 7 g t h  - (1) . c:)G 4 i n  

S e l e c t ;  t;hicl.:ner;s f o r  a 75--year  f i r s t  p e r  f o r  a t  il:tr? or 1/2 a v e r a g e  1 i f e y  
Y .= Years f o r  f i r s t  p e r  f1:tra.t i~:il-i - - - '7 G- 

/ .J 

y = Years fl:~r a v e r a g e  1 i f e  = 2 * Y -... - 1  5i:j 

PH -. pH s f  s o i l  e n v i r o n m e n t  -- - 8.3 
B = St:til r e s i s t i v i t y  - - 22t:)i:t ctklm-c m  

yl 2 Years ftr~r a v e r a g e  l i f e  fcir tz.052 i n .  
= 27.58*( log(R:)- log(216Cf-2443(: )*1~~g(pH:): ) : )  f ~ z t r  pH -::= 7.3 
-- .- - ~ ~ ~ 3 4  * F;^.41,  pH>7.3 - - 6 9 y e a r s  

a f  = Ad.justment f a c t o r  r e q u i r e d  = y / y l  - - 2.17 
.- .- Ad.j u s t  men t F a c  t I:IY Used : 2 , 

C o r r e s p o n d i n g  t :  0.  1(:113 i n .  

S e l e c t  C u r r u g a t i o n  f u r  Minimum T h i c k n e s s  <:sf 0 .  10'3 i n .  

U s e  fclr D e s i g n :  C : o r r ~ t g a t  i u n  = 3 :~r 1 i n  
Th i c l.::ness = (1). 109 i n  



9tt7 S t r e e t  Et:::3(:)37 
C:sr ruya . ted  Meta l  P i p e  (:)5/' 18/ '33  
S t r  c.\t:t u r  a 1  D e s i g n  E J F: / 1::: PI 
-"--..-.-..----.------"-.-.-...-.- .... "---,-.-.-------------.-..-------.-.--.------------.-"-.------...----* .... "." -..... "--".---".... --------------------------------------------------------------------------- 
R e :  Handbo~:t:ll.:: s f  S t e e l .  D r a i n a g e  a n d  Highway C:ctnstruct  i o n  P r o d u c t s ,  

Amer ican  a n d  S t e e l  I n s % i 2 ; u t e ,  1'383, C h a p t e r  3, P a g e s  9'3-124. ----- "----.--"-".-"-.-...""--".-"--.-...------...----------" .---...--.-----,.-.-- "-" ----------------.----.-----.------- ----------------".---------------------.------.--.---------------------------- 
S i t e  c o n d i t i o n s ,  

PIPE REC:ORD NUMBER: 9 
L0C:R.T I ON : STA 45+(:)0 
d = F' ipe  d i a m e t e r  -. - '3:) i n 

h  = H e i g h t  (sf c o v e r  -- - 3.5 f t  
w = Weight  o f  s o i l  -- 1 4 0  p c f  

b s d  = B a c k f i l l  s c ~ i l  d e n s i t y  ( A A S H T O s p e c i f i e d S  = 95 % 
pH = pH o f  s o i l  e n v i r o n m e n t  - - 8. 9 

R = Scl i l  r e s i s 2 ; i v i t y  - - 22(:)(:) ohm-c:m 
--------.--------------------------------------------------------- 
C:umput e d e a d  1 mad, 

DL = Dead l o a d  =. h  jt. w -. - 1330 p s f  
C~:trnpu't e 1  i v e  1 mad, 

L i v e  l o a d  t:tn e f f e c t i v e  p l a n e  a t  tt=tp o f  p i p e  (:LL:) f rom 
Cunc:re.te P i p e  Handbctok, a c p a ,  1'388, pg 4-38 - 4-33: 

C r i t i c a l  H9-2(:) l o a d i n g  c o n f i g c t r a t i s n :  
P  r= PI:# i n t  Ltr~ad .- - 48(:)(:)i:) L b s  
I F  = Impac t  F-acttz~r - - 1 
L  = L e r ~ g % l ~  s f  P l a n e  a- - 21,655 f Z ;  

W = Width  o f  P l a n e  - -- 22.29 f t  
Pavg  - A v e r a g e  F ' ressccre  Al:t i n g  on  P l a n e  

= F ' * I F / W / L  - - 1 0 0 p  5 f  
LL = L i v e  11:tad - - 1 00 p  s f  

Cumpute t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL +. LL - - 143r:) p s f  

S t  r c r c % u r e  d e s i g n ,  
5 = S p a n  = d / i 2  - 

a- 7.5 f t  
I: - Ri17g ~ ~ l l n p r e s s i ~ : t n  = pv j(. 5/'2 - - 5 3 6 4  p p f  
k = Load f a c t o r  -. -.- (:) . €5 
r .= R a d i u s  c ~ f  yyra.\;i~:tn frctm T a b l e  1-4, p a g e  4 2  i n  

.fc = Al lc lwab le  w a l l  s t r e s s  frctm F i g u r e  3-6 , p a g e  1(:15 p s i  
a = Wall s e c t i o n  area  = c / f c  i ."2 / f .\; 
t = T h i c k n e s s  fr.l:~m T a b l e  3-2, p a g e  1(:)7 i 17 
1 =: M0men.t c1.l: i ne r . \ ;  i a  f rclrfi -/"ah J e 3-2, p a g e  1(:)7 i ..". 4 / .F t 
E = M 1 : ~ l ~ l ~ t s  of e l a s i c i t y  JE+07 lb / i r j ' "2  

f . f  = F l e x i b i l i t y  f a c t ~ : ~ r  = (j,"2,/E/I*12 .::: .(:)433 fl-17 fat:.tory made pipe.  
.:: . (:)20(:) for. f iel d  a s s e m b  1  e d  p i p  



S e l e c t  t h i c k n e s s  ftzir a 7 " -  , ,,I Y L ~ Y  .>-  f  i r ~ t  p e r  f0rc7k i111n 13r 1/ '2  average 1 i fey 
Y = "fear  5 f u r  f p e r  f ~ r a t  i111n = - - 7c / .J 

y = Years f u r  a v e r a g e  l i f e  = 2 * Y - .... 1 50 
pH = pH o f  soil e n v i r o n m e n t  - - 8. '3 

R = Soil  r e s i s t i v i t y  - - 22(1)(:) ~ h m - c m  
yl = Years f ~ z ~ r  a v e r a g e  l i f e  f o r  t= .OS2  i n .  

= 27.58~fl1:1g(R:)-loy(216(:)-249(:)~11-,iy(pH:)>:) - f ~ = ~ r  .::= 7.3 
- - 2 . ,3 4 .)+ R ..... . 4 1 ,  pH:::.7.3 - - 6'3 y e a r s  

a f  = Ad. jus tmen t  f a c t c l r  r e q u i r e d  = y / yf - - 2.17 
Ad.jurjtment F a c t o r  Used : 2.2 
C u r r e s p o n d i n g  t : (:I , 1 (1) 13 i rt . 

Sel r c . t  C o r r ~ t g a t  i o n  Pclr M i 1 7  imum TR i c  C::ness o f  (:I . 1 (1) 9 i n . 
C:I:I~ r  u g a t  i o n  r  d / r  f c a t I f f  

( i n  1) c i n : )  ( p  s i :) ( i 17 .". L / f t : )  ' ( : i n >  t: in."4/'f.t 

U s e  f o r  D e s i g n :  C : u r r u g a t i u n  = 3 :I; 1 i n 
TI-) i~: C::ness = 0. 10'3 i r s  



9 t h  St reet  Et:::3097' 
i I :c~r ruga . ted  Metal P i p e  (:)5/ 1 8 / 3 3  
S t r u l r t u r a l  D e s i g n  E!JF- / t::M 

""-.- -"-." .-.. . .-..- ".-------."-"---...-- -------".---"-"---------.---"--------.--------." --.- ------.--.-------------" ----------------- ------------------------- -------- ---" -..-.- 
R e :  Handhlrlt:tb:: o f  S t  eel U r  a i . n a g e  a n d  t l i ghway  C~:~nst r u ~ r  t i l r ~ i - 1  F 'r lrlducts,  

A m e r i c a n  a n d  Steel 1ns . t  i t u t e ,  1'383, C h a p t e r  3, P a g e s  33-1 'y1 : ' 4  - .  
....................................... ....................................................................................................... ---.--.-------------.--------.-----------.-----------------------.---------------- 
S i t e  c s n d i %  itrtns, 

PIPE RECORD NUMBER: X (1) 
LOCAT I ON : STA 5t3+(:)0 
d  = F ' ipe  d i a m e t e r  - - 78 i n  
h = H e i g h t  o f  c u v e r  - - 1 (:I f  t 
w = W e i g h t  o f  s o i l  - - 1 4 0  p c f  

b s d  = B a c l : : f i l l  s o i l  d e n s i t y  ( A A S H T O s p e c i f i e d : )  = 95 % 
pH = pH u f  s o i l  e r lv i r~r tnmer l t  - - 8. 9 

R = Sc t i l  r e s i s t i v i t y  - - 22(:tCt ohm--c m ........................................................................ 
C:smput e d e a d  1 o a d ,  

DL = Dead l c ~ a d  = h  * w -. - 1 4 0 0  p s f  
C:umpu%e 1  i v e  l o a d ,  

L i v e  l ~ r l a d  o n  e f f e c t i v e  p l a n e  a t  t o p  clf p i p e  (LL:) f r o m  
C:clncretc  P i p e  Handbook ,  a c p a ,  1 9 8 8 ,  pg  4-38 - 4-33: 

C : r i t i c a l  HS-2(:) l o a d i n g  c c t n f i g u r a t i c ~ n :  
P  = F'u in t  Load  - - 48(:)O0 L b s  
IF = Impact;  F a c t c t r  - - 1 
L  = L,eng.th o f  P l a n e  - - 22.33 f t  
W = Width  o f  P l a n e  - - 23-17 f t  
P a v g  = A v e r a g e  P r e s s u r e  A c t i n g  o n  F ' l a n e  

= P * 1 F e / W / L  - - 93 p s f  
LL =. L i v e  lc tad - - '33 p s f  

Compute  t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 14'33 p s f  

S t r - u c k u r e  d e s i g n ,  
s = S p a n  = d / 1 2  "." - 6 . 5  f t  
I: = J?:ii-)g I - c I ~ ~ ~ ~ s s ~ c I ~ ]  =: 1 2 ~  36 5j2 -- - 4 8 5 2  

-. - PP 5' 
I:: = L~:tad f 31: t o r  i:). 65 
r = R a d i u s  u f  g y l r a . t i o n  frctm T a b l e  1-4, p a g e  4 2  i n  

fl:: = A l l o w a b l e  w a l l  s t ress  f r~z~rn  F i g u r e  3-6, p a g e  1(15 p s i  
a = Wall s e c t i u n  area = c / f c  i ,, .+. 2 / f t 
t = T h i c k n e s s  f r a m  T a b l e  3-2, p a g e  107 i n  
I = Mlrtment cgf i n e r t  i a f  r  clm Tab1  e 3-2, p a g e  1(:)7 i n  .'.' 4  / f  t 
E = M o d u l u s  s f  e l a s i c i t y  3 E -I- (1) 7 1 k, ,/ i I .- 

.f .f ~l c.. & . ~ , i b i l i . l ; y  fi3i:tt:ir = d."'.2/E/IY12 .::: ,,(:I433 fl:~r .fa~.I;t:try m a d ~  p i p e .  

: .. . 1 a- - I f i el d  assenrh  1 e d  p i p  



t :- Minimurn tt~ick::ner;c, fcir s t r e n g t h  - - (1) . (I)& 4 i 1-1 

S e l e c t  thi t :kner;s  fctr a 75. -year  f i r s t  p e r  f c i r a t i o n  or 112 a v e r a g e  1 i f e ,  
Y = Years f c ~ r  f i r s t  p e r f c ~ r a t i t : ~ n  = - - 75 
y  = Years f u r  a v e r a g e  l i f e  = 2 s Y - - 1 5CI) 

pH = pH o f  soil e n v i r o n m e n t  - - 8. 9 
R = S u i l  r e s i s t i v i t y  - - 220c', c~hm-c m 

y l  = Years f u r  a v e r a g e  l i f e  f u r  t=.052 i n .  
= 27.58~c(l~:~g(H:)-1oq(2iGt:)-249(:)Jclog(pH:):):) - for pH <= 7.3 
= 2.'54 s F;sA..41, pH37.3 - - 6 '3 y e a r  5 

a f  = Ad. j~ l s tmen t  fac2;ur  r e q u i r e d  = y / y l  - - 2.17 

Ad. jus tment  Fac % I = I ~  Used : 2.2 

C : u r r e s p u n d i n g  t :  (1) . 1 (11'3 i n .  

Seleit C ~ z ~ r r u g a t i i ~ n  for Minimum T h i i l : : n e e s  of (1). 1(:)'3 i n .  

U s e  f  ilr D e s i g n :  C: i l r  r uga t ;  i o n  = 3 x 1 i n  
l'hicI.::ness = 0 .  1~13 i n  



9 t h  S t r e e t  ~t:::3(:,97 
~ I :o r r i !ga ted  Me'kal P i p e  051 1  d i ' 3 3  
S t r u c t u r a l  D e s i g n  BJF / t:::I"I 
-----..--* ..----.----..-.--.-..--..--.,-.------" ------.---.-- "---" -------------.-------" -----.-" -..--.- * --.-.-..,..-- ---- - -----------------------*-.-------------------------------.-------- " ----- 
R e :  Haridboctk o f  S t e e l  D r a i n a g e  a n d  Highway C i ~ n s t r u c t  i o n  P r o d u c t s ,  

A m e r  i c a n  a n d  S t e e l  Ins ' t  i t u t e ,  1983, C h a p t e r  3, P a g e s  99-124. 
--..---=--"= =====-------.--------.-.--=~=I==I==========-.---------====z~=I====~~zz=== 

S i t e  c o n d i t  i i 1 1 7 5 ,  

PIPE REC:ORD NUMEER: 1 1  
LOCAT I  UN: STA 5 9 + 6  1.60 
d  = P i p e  d i a m e t e r  -. - 78 i n  
h  = H e i g h t  of ctztver - - 11.5 f t  
w = Weight  o f  s o i l  - - 141:) p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  SAASHTO s p e c i f i e d : )  = '35 % 
pH = pH o f  s o i l  e n v i r o n m e n t  - - 8 . 0 

R = Sc t i l  r e s i s t i v i t y  - - 31571:) clhm-1: m 

Compute d e a d  l o a d ,  
DL = Dead l o a d  = h  * w - - 161(1 p s f  

Compute  1 i v e  l o a d ,  
L i v e  l o a d  un e f f e c t i v e  p l a n e  a t  t o p  o f  p i p e  (LL:) f rom 

C:clncrete P i p e  H a n d b i ~ o k ,  a c p a ,  1988, pg 4-38 - 4-33: 
C r i t i c a l  H S - 2 0  l c t a d i n g  c o n f i g u r a t i o n :  

F' = F 'u in t  Load - - 48(:1(:1(:) L b s  
I F  = Impac t  F a c t o r  .". - 1 
L = L e n g t h  o f  P l a n e  - - 2 4 - 9 5  f t  
W = Width  o f  P l a n e  -- - .:I EL^ 

Ld. 79 f  t 
Pavg  = A v e r a g e  P r e s s u r e  A c t i n g  iln P l a n e  

= P * I F / W / L  - - 75 p s f  
LL = L i v e  l o a d  - - 75 p 5 f  

Compute t h e  d e s i g n  l o a d ,  
pv = U e s i g n  p r e s s u r e  = DL + LL - 1685 p s f  

S t r u c t ~ t r e  d e s i g n ,  
5 = S p a n  = d / l 2  -. - 6.5 f t  
I: == R i n g  compressit:tn = p v  * 512 - - 5 4 7 5  ppf  
k = Litad f a c t o r  - - 0 .  € 5  
r = R a d i u s  of g y r a t i c ~ n  f r i l m  T a b l e  1-4, p a g e  4 2  i n  

f~:: = Alll:~wable w a l l  s t r e s s  from F i g u r e  3-6, p a g e  1 0 5  p s i  
a = Wall s e c % i u n  a r e a  = c / f c  in."2/ f t 
t = T h i c k n e s s  f rom T a b l e  3-2, p a g e  1 0 7  i n  
:[ = PIt:tment o f  i n e r , l ; i a  frurn T a b l e  3-2, p a g e  1 0 7  i n  ." 4  / f t 
E  = t 1 ~ : t ~ l u l ~ s  i t f  e l a s i c i t y  3E4-(:)7 lb / in , " ' . z  

.f.f = F l u y ; i b i l i t y  fac t tz~r .  = d."2/E/I++12 .::: .(:)433 for  f a c t o r y  made p i p e .  
.:' (-).;'i-)i-) 'f ..' .. . ,.. clr . f i e l d  a s s e m b l e d  p i p  

C:I:I~ r u g a t  i o n  r d / r  f c a .I; I  .F 1' 
i in : )  (1 i r) :I i: p  '; j, 1) (: i n .". L i f t : )  '- ( i n : )  ( i n  .". .1 / f  :I 



Se1ec.l;: t ;h ic i : : r )ess  f~:ty a 75 - .yea r  f i r s t  p e r  f o r  a t  i o n  o r  1 i 2  a v e r a g e  
Y = Years f o r  f i r s t  p e r f o r a % i ~ : ~ n  = - - 75 

rea r s  f~:tr a v e r a g e  1  i f e  = 2 * 'f Y " " - - 1 5 (:I 
p H  = pl-4 c ~ f  s c l i l  envirl:tnment "- -- €3 

R = Sc t i l  r e s i s t i v i t y  - - 3670 
y 1 .= Years f u r  a v e r a g e  1 i f e  f c ~ r  t -. Ct52 i n .  

- -- 27 . "'E3.~.('1;11g J (R: )  -1oq (2j,6r:)-;::43(:).%1 o g  (:pH:) 1) 1) f o r  pH .::= 7. 3 - - - 2 $34 .* F;.". .41, pt-1>7.3 .... - 85 

a f  = Ad.justnrent  f a c t o r  r e q u i r e d  =. y / y l  - - 1.76 
A d j u s t m e n t  F a c t c l r  Used : 2.2 
Cor  r e s p a n d  i n g  t : (:I . 1 (:~3 

S e l e c t  C ~ = ~ r r u g a t  i o n  fl=tr Min imurn r h i c  k n e s s  1:1f 0 .  1Ct9 i n .  

Use  f u r  D e s i g n :  C:lsr r ~ t g a t ;  i o n  = 3 :I; 1 i n  
T h i c k n e s s  = 0. 10'3 i n  

i n  

1 i Pe, 

y e a r s  



9 t h  S t r e e t :  E t::: 3 (1) 9 7 
1k1r r  u g a t  e d  Met a 1  P i p e  (:)5/ 18/93 
S t r u c t u r a l  D e s i g n  I3 J F  / t:::M 
-.-- ".." -..- "-" ---v-.,--,-...-------------------.-...---- " .---.-.---- "--" "" ...---.-.-.-.- "- _--_---------------_------------"------------------------------------------ 
R e :  Harldbool.:: o f  Sk eel D r a i n a g e  arid Highway C u n s t r u c  t i o n  F ' ~ C I ~ L I C ~  s, 

kmer i c a n  arid S t e e l  I n s %  i t u t e ,  1983, C h a p t e r  3, F 'ages  9'3-124. 
------ "- ----------* -..-----.----------------------- "-"." ---------...---.----------------...----.-... "" --------------------------------------------*---.-------------------------- 
5 i . t ~  ~:c~:lndi.l; i 1 ~ 1 n 5 ,  

PIPE RECORD NUMBEF;: 12 
LOC:AT I ON : CL STA ~~3- t -76.47 
d  = P i p e  d i a m e t e r  -. - 78 i n  
h = H e i g h t  o f  c l r~ver  - - 12.5 f t  
w = Weight; 111f s c t i l  - - 1 4 0  p c f  

b s d  = B a c k f i l l  s u i l  d e n s i t y  ( A A S H T O s p e c i f i e d : )  = '35 % 
pH = pH 111f s c i i l  e n v i r o n m e n t  - - 8 . 0 

R = S o i l  r e s i s t i v i t y  - - 367C) ohm-I= m 
........................................................................ 
Cc~mput e d e a d  1 clad, 

DL = Dead l o a d  = h * w - - i75(:) p s f  
Compute l i v e  l o a d ,  

L i v e  lclad on  e f f e c t i v e  p l a n e  a t  tclp o f  p i p e  (LLI f r o m  
11 :oncre te  P i p e  Handb~:~cll.::, a c p a ,  1988 ,  pg 4-38 - 4-33: 

C r i t i c a l  HS-2(:) l o a d i r ~ y  t :onf igura t i~ :~n :  
F' = F'~:~in.t Load - - 48t:)t:)t:) L b s  
I F  = Impac t  F a c t c ~ r  - - 1  
L  = L e n g t h  clf F ' l a n e  - - 26.7(:) f't 
W = Width  uf P l a n e  - - 2 7 . 5 4  f t  
F'avg = A v e r a g e  P r e s s u r e  A c t i n g  on P l a n e  

= F ' * X F / W / L  - - 65 p s f  
LL = L i v e  l c ~ a d  .... - 65 p s f  

Contpute t h e  d e s i g n  1 mad, 
pv  = D e s i g n  p r e s s u r e  = DL + LL - - 1815 p s f  

S t r u t t - t u r e  d e s i g n ,  
s = S p a n  = d / 1 2  - - 6.5 f t  
I: = King c c ~ m p r e s s i o n  = p v  * 5/2 -- - 5'3(:)(:) p p f  
k = Load f a c t o r  -- - 0 .  65 
r = R a d i u s  ctf g y r a t i o n  fr111rn T a b l e  1-4, p a g e  4 2  i n  

fl: = A l l o w a b l e  w a l l  s t ress  frsrirrl F i g u r e  3-6, p a g e  1 0 5  p s i  
a  = Wall s t .c . t ic~r i  area = c / f c  i ."'. 2  ,* .f .t 

t = T h i c k n e s s  f rom T a b l e  3 - 2  , p a g e  1 0 7  i rl 
I = t.furnen.(; I : I ~  i n e r . t  i a  f r ~ : ~ m  Tab1 e :3-2, p a g e  li:)7 i n  ."'. 4 / f 2; 

E = Modulus  o f  e l a s i c  i t y  3E+[:)7 1 b  / i n"2 
f f  = F l e x i b i l i t y  f a ~ Z ; ~ r  = d+.2/E/I .&12 .:' . . (3433 f 1117 f a c t o r y  made p i p e .  

.:: . 0 2 0 0  f o r  f i e l d  a s s e m b l e d  p i p  

I1:lar r u g a t  i a n  r  d / r  .f t a 2; I  f  f 
( i n : )  (: i n :) ( p s i )  ( in . " .2 / f t : )  ( i n : )  ( i n  ."' 4  / f t 



,-. ae:le~:t. -- t . h i c l : : r ~ e s s  for  a ?E-j--year f i r  st: p e r  f u r  a t  i 1:8r? or 1 / 2  aver  age 1  i f e, 
Y = Years ftsr f i r s t  p e i - f o r a t  i o n  '.= 

- - 75 
y = Years f u r  a v e r a g e  l i f e  = 2 * Y - - 1  5 (1) 

pH = pH o f  s c l i l  e n v i r o n m e n t  - - 8 
F: = S c t i l  r e s i s t i v i t y  - - 3670 o h m - c m  

y l  = Years ftztr a v e r a g e  l i f e  fctr t=.052 i n .  
= 27.5~3*(l~g1:~:)-1og(21.~5(:)--249(:)+1og(pH:):):) f c l r  pH (= 7.3 
= 2.034 * ~ . " - . 4 1 ,  ~~: : : .7 .3  - - 85 y e a r s  

a f  = A d j u s t m e n t  f a c t o r  r e q u i r e d  = y  / y l  - - 1.76 
4d.j  u s t  men t F-ac t or Used  : - .- 2. L 

C:t:~r r e s p o n d  irrg t : (1) . 1 (:lX3 i n .  

S e 1 e c . t  I Z o r r u y a t i u n  flsr Minimum Thic l . :ness  ~ztf 0. 1(:)'3 i n .  

C : ~ : ~ r r ~ ~ g a t i ~ : t n  r d / r  .f c a t; I f  f  
( in:)  ( i n > t: p 5 i :I ( 1 17 '- L / f t : )  ( i n : )  ( i n  ."..l. / f .t :I 

Use f o r  D e s i g n :  Cc l r ruga t . i on  = 3 x 1 i n  
T h i c  ~ I - I ~ S S  = (1). 1(:)9 113 



9 t h  S t r e e t  E I.::: 3 (:) '2 7 
[:or r u g a t e d  Metal F ' ipe  (:)5/ 18/93 
S t r u c t u r a l  D e s i g n  BJF/F::M 
-.------ .......................................................................................................................... - ------------------.-.-..------------.--------------- ----- -------------------.---.-- 
Re:: k4arrdbc:lolt: o f  S t  eel Dr i i n a y  e a n d  Highway C:onst r ~ t c  t i o n  F'r ~ z ~ d ~ t c t s ,  

A m e r  i c a n  and  S t  eel I n s t  i t ~ t t ~ ,  1383, C h a p t e r  3, P a g e s  93-124.  
-.------.-..---. ........................................................ -.-..-----------.---.-.-.------- - ----- .".."." -.----.---.. "- ------.---------------------."---------.------------------------------------- 
S i t e  c c l n d i t i u n s ,  

PIPE RECORD NUMBER : 
LOCAT I  ON: 
d  = P i p e  d i a m e t e r  
h  = H e i g h t  I = I ~  c tz~ver 
w = Weight; o f  s c l i l  

b s d  = B a c k f i l l  s o i l  d e n s i t y  CAASHTO 
pH = pH ctf soil errvirclnment 

R = Stz~i l  r e s i s t i v i t y  

13 
CL STA 23+45,  STUB - - I56 i n  

- - 11.5 f t  
- - 1 4 0  p c f  

s p e c i f i e d : )  = 95 % 
- - 9.2 
- - 3'33(:t 111hm-c m 

C:omp~tt e d e a d  1 o a d ,  
DL = Dead 11z1ad = h  * w - - 1GIO p s f  

Compute l i v e  l o a d ,  
L i v e  lclad [:an e f f e c t i v e  p l a n e  a t  tl:~p ctf p i p e  (LL:) f rom 

C u n c r e t e  P i p e  Handbouk,  a c p a ,  1 9 8 8 ,  pg 4-38 - 4-33: 
C r i t i c a l  HS-2(:) l o a d i n g  c~zlnf i g u r a t  i o n :  

P  = P u i n t  Load - - 480(:)(:) L b s  
I F  = I m p a c t  F a c t ~ z i r  - - 1 
L = L e n g t h  o f  F ' l a n e  - - 2 4 - 3 5  f t  
W = Width  ~ f  P l a n e  - - 25,783 .f.l; 

F'avg = A v e r a g e  P r e s s u r e  R c t i n g  cln P l a n e  
= P * I F / W / L  - - 75 p 5 f  

LL = L i v e  l o a d  - - 75 p s f  
C:umpctte t h e  d e s i g n  1 o a d ,  

p v  .= D e s i g n  p r e s s u r e  =: DL + LL -- - 1€,,85 p5.f 
S t r u 1 2 t u r e  d e s i g n ,  

% = Span  =: d / 1 2  --. - 5.5 f t  
c == R i n g  ~:ompre.;si~:~n = p v  ++ 5;'2 - - ,4623 

-- PP f 
k = Load f act111r -- C),  65 
r .= R a d i u s  c ~ f  g y r a % i c ~ n  frclm T a b l e  1-4, p a g e  4 2  i n  

f c  = A l l o w a b l e  w a l l  s t ress  f rum F i g u r e  3-15, p a g e  105 p s i  
a = Wall s e c t i c ~ n  area = c / f c  i n .". 2 / f t 
t = T h i c k n e s s  f r u m  T a b l e  3-2, p a g e  107 i rr 
I - M1:lmen.t o f  i n e r t i a  f r ~ : ~ m  T a b l e  3-2, p a g e  1(:)7 i n  .''. 4  / f  t 
E = M * : ~ ~ u ~ u s  u f  e l a s i c i t y  3E+(:)7 l b / i n " 2  

f.f  2 F l e x i b i l i t y  falz%or = d'"2;'E/I*12 .::: . a 4 3 3  f ~ z t r  f a ~ : . t ~ s r y  made p i p e .  
.::: . 0 2 0 0  f o r  f i el d  a s s e m b  1 e d  p  i p 



S e l e c t  t h i c k n e s s  f u r  a  7 5 - y e a r  f i r s t  p e r f ~ : ~ r a t i o n  or 1/2 a v e r a g e  l i f e ,  
Y - Y e a r s  f u r  ' f i rst  p e r f u r a % ; i t = f n  - - - 75 

y  = Years f111r a v e r a g e  l i f e  = 2 * Y - - 1 5 (1) 

pH = pH o f  s c t i l  e n v i r o n m e n t  - - 9.2 
R = Sci i l  r e r ; i s ; t i v i t y  - - 333(1) ohm-cm 

y l  = Years .ft:tr a v e r a g e  l i f e  f o r  tz.052 i n .  
= 27.5Qu(log(:R:)-ll=~q(%1&(:)--24'30~log(pH:) .. :) :) for  pl-i .::I= 7.3 
- - 2 . 4 * I?..... . 41, p~:: : .7.3 -- - 88 y e a r s  

a f  =I Ad. jus tment  f a c t o r  r e q u i r e d  = y / y l  -. - 1.71 
.- ..- Ad.j ust men t Fac t  1:1r Used : d. ,..I 

Cur uespurld iriy .t : (1). 10.3 i n .  

S e l e c t  C : o r r u g a t i c ~ n  f o r  Minimum T h i c k n e s s  u f  0. 109 i n .  

U s e  f u r  D e s i g n :  Cor r u g a t  ictri 2 . ,,. , 1 ,, 2 i n  
Thicl.::nes=, = (3. 10'3 i n  



TABLE OF CONTENTS 

Title 

I. Introduction 

11. Main Trunk Sewer HGL 

111. Inlets 

IV. Connector Pipes 

VI. Corrugated Metal Pipe 

Appendices 

A. List ot Research Documents 

B. Drainage Calculations 

Page No. 

Hydraulic Grade Line Profile Calculations 
Inlet Calculations 
Slotted Drain Collector Pipe Capacity Calculations 
Connector Pipe Calculations 
Main Line D-Load Calculations 
Connector Pipe D-Load Calculations 
Main Line CMP Calculations 
Connector Pipe CMP Calculations . 

Slotted Drain Pipe CMP Calculations 



E 
I. Introduct ion 

City of Phoenix p ro jec t  St-887299 i s  a major trunk storm d r a i n  
i n  9th S t r e e t  between Bel l  Road and Union H i l l s  Drive. The 
storm d r a i n  and catch basin system have been designed t o  
i n t e r c e p t  the two year  storm. The d r a i n  has a l s o  been 
designed t o  provide the  o u t f a l l  system f o r  two de tent ion  
bas ins ;  Basin No. 2 (ST-896803), loca ted  a t  9 th  S t r e e t  and 
Union H i l l s  Drive, and Basin No. 5 (ST-896837), loca ted  a t  9 th  
S t r e e t  and Campo Bel lo Drive. , F o r  the  1 0 0  year  storm, the  
outflow from Basin 5 w i l l  be 295 c f s  and the  outflow from 
Basin No. 2 w i l l  be 336 c f s .  This storm d r a i n  w i l l  connect t o  
what w i l l  be an e x i s t i n g  d ra in  i n  Bel l  Road (P-860981). 

11. Main Trunk Sewer HGL 

Two separa te  segments were used t o  compute the  HGL p r o f i l e  
f o r  9 th  S t ree t .  The f i r s t  segment extends from the  
beginning p ro jec t  S t a t i o n  12+55 ( j u s t  nor th  of Be l l  Road) 
t o  Detention Basin No. 5. A f ixed  i n v e r t  of 1365.60 and 
HGL e levat ion  of 1381.83 a t  S ta t ion  12+55 were taken from 
MCHD Project  No. 68553 and C.O.P. No. P-860981 by John 
Carol lo Engineers, February, 1 9 9 0 .  An inve r t  e l eva t ion  of 
1372.00 was provided f o r  Detention Basin No. 5 by Projec t  
Engineering consul tan ts ,  Ltd. It was necessary t o  lower 
t h i s  e levat ion  1' from 1372.00 t o  1371.00 i n  order  t o  
accommodate a 24" water l i n e  north of the bas in  which could 
not be relocated.  

The second segment extends from Basin No. 5 t o  Basin No. 2 .  
The segment was designed with a s t a r t i n g  i n v e r t  e l eva t ion  
a t  Basin 5 of 1371.00 (lowered from 1372.00 a s  mentioned 
previously)  and an ending inver t  e levat ion  of 1389.00 a t  
Basin No. 2 provided by HDR Engineering, Inc. A High Water 
Level o t  1386.00 a t  Detention Basin No. 5 taken from the  
Preliminary System Layout by NBS/Lowry Engineering was a l s o  
used a s  a   as is of design. The c r i t i c a l  sec t ion  of t h i s  
design is  the segment from Detention Basin No. 5 t o  S t a t i o n  
31+00 where the  HGL i s  l e s s  than two f e e t  below the  
f i n i s h e d  grade. Subsequent contact  with Proj e c t  
Engineering Consultants,  Ltd. indica ted  t h a t  the  Highwater 
Level f o r  Basin No. 5 had been ra i sed  from 1386.00 t o  
1388.00. This increase would r a i s e  the  HGL by two f e e t  
throughout t h i s  segment and cause the HGL t o  be above 
ground i n  the c r i t i c a l  sec t ion  mentioned previously.  
Therefore, the system was designed using 1386.00 a s  the  HWL 
f o r  Detention Basin No. 5. 



1 

111. 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=lO1) inlets have been placed near 
the intersection of 9th Street and Grovers Avenue. All 
remaining inlets consist of 40' slotted drains connected to 
modified Type N Catch Basins located in the inverted crown of 
the street. 

IV. Connector Pipes 

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

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 alternate pipe chart. Calculations were performed for 
both the main line and the connector pipes. 

VI. 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. 



I 
11 - 

t 

I I  
l i  
U 
I 1  
I 
I:" 
01 
I 
II 
a 
I] 
41 
8' 
I 
d 
li 
i 

APPENDIX A 



9th Street Major Trunk Sewer 
List 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, 38-29. 

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 Storn Trunk Sewer EK3@37 
Elell $cad t o  Basin Nu. 5 7/2/91 
ST-867239 EJF 
Table Nu. 1. Site Data 

.......................................................................... ..................................................................................... 
I Pc~int Ler~gth Pipe Type of Pipe Flow Pipe Finished Pipe I 
I Statior~ Diameter Thickress Ke Grade Slope I 
I Nci. IFt) (In) Pipe (In) (Cfs) N-Value (Elev) tFt/Ft) I 
I---- ---------- ----- -- ----- ---- --- ------ -- ------- -- I 
Istart ing EGL = 13R. 36 I 
IStarting HGL = 1381.83 I 
IStarting Irrvert Elev. = 1365.50 I 
I I 
I 1 12 + 55.00 1382.70 I 
I 5-00 96 rcp 9.50 0.013 0.00160 1 
1 2 12t60.00 1382.70 I 
I 90.00 96 rcp 9.50 2'35 0.013 0,00160 1 
1 3 13t50.00 1383.00 I 
I 500,Oo '36 rcp 9.50 295 0.013 0.00160 1 
1 4 lB+%.OD 1384.00 I 
I 2'30.00 % rcp 9.50 LEE 0.013 0.00160 1 
I 5 21 t 40.00 1384.70 I 
I 205*00 3 11; 9,s 2'3 0.013 0.00160 1 
1 6 23 + 45.00 1385.30 I 
I 255. Mi 6.50 79 0.013 0.0(980 1 
1 7 26t09.00 1355.30 I 
I 252.54 60 rcp 6.50 79 0.013 0.Oo060 I 
1 8 28 + 53.54 1367.40 I 
I 85.60 60 r c P  6.50 73 0.013 0.00409 I 
1 9 23t33.14 0.50 1387.50 I 
I .  I 
I --- - - - ------ --------.-.-------------- ----------------- I 
I I 
IKe = Entranc~ t Exit Loss Coeficients I 
1 I 



9th Street Hajor Stom Trunk Sewer EK3097 
Bell pad to  Basin No. 5 7/2/91 
ST-88?239 bJF 
Table No. 2. Hydraulic Profile Design Calculatior~ .......................................................................................... ...................................................................................... 

IPoint v hv he 5 h 1 H EGL EG: HGL Hh I 
I I 
I No. (Fp5) (Ft) (Ft) (Ft/Ft) (Ft) (Ft) (Elev) (Elev) (Elev) (Elev) I 
1 - - -- ---- ---- ----- - ---- -- ----- ---- ------ --- ------ I 
I I 
I I 
I 1 
1 I 
I 1  1352.36 13B2.36 1381.83 1381.83 1 
I 5.87 0.53 0.M11W 0.01 0.01 I 
1 2  1352.37 1382.37 1381.53 1381.83 1 
I 5.87 0.53 0.00105 0.09 0.09 1 
I 3  1352.46 1382.46 1381.92 1381.92 1 
I 5.87 (1.53 0.00105 0.52 0.52 I 
I 4 1362.38 1382.98 1362.45 1382.45 1 
I 5.57 0.53 0.19105 0.30 0.30 I 
1 5  1383.29 1383.29 1362.75 1302.75 1 
I 5.57 0.53 0.00105 0.21 0.21 I 
1 6  1363.50 1363.50 1382.97 1383.25 I 
I 4.02 0.23 0.0009i? 0.23 0.23 1 
1 7  1383.73 1383.73 1383.45 1353.48 1 
I 4.02 0.25 O.Cm 0.23 0.23 I 
I 8 1383.97 1385.97 1383.72 1383.72 1 
I 4.02 0.25 0.0t092 0.05 0.05 I 
1 3  1384.05 1354.05 1383.50 134.05 1 
I I 
I --- ------ I 
I Friction Slope. S f  = 4.66 * rrZ t Q I ( ( d / l  )"(16/3)) I 
I Velocity, v = O / <n(d/lZ)2/4) I 
I Velocity Head, hv = vzi?g I 
I Pipe Loss, h l  = S f  t 1 1 



9th Street Major Sturrr Trunk Sewer EK3097 
Bell poad to Basin No. 5 7/2/91 
ST-687233 BJF 
Table NCI, 3. Pipe Design Data. ............................................................. ..................................................................... I 

IPoint Pipe Crwrl Outlet Inlet Top of Pipe FG-KL HGL-Crownl 
I Slope Invert Invert Pipe Cover I 
I Na (Ft/Ft) (Elev) IElev) (Elev) (Elev) (Ft) (Ft) (Ft) I 
I ---- --- --- --- -- --- ----- ----- -- -- ---- I 
I I 
I I 
I I 
I I 
I 1  1373.50 1374.2'3 8.41 0.87 8.33 1 
I 0.001 60 1365.50 1365.51 I 
1 2  1373.51 1374.30 8.40 0.87 8.32 1 
I 0.00160 1365.51 1365.65 I 
1 3  1373.65 1374.44 8 1.08 8.271 
I 0.00160 1365.65 1366.45 I 
1 4  1374.45 1375.24 8.76 1.55 8.001 
I 0.00160 1S6.45 1566.92 I 
1 5  1374.92 1375.71 8.93 1.95 7.63 1 
I 0. ~ 1 6 0  1366.92 1367.24 I 
I 6  1375.24 1375.73 9.51 2.33 8.00 I 
I 0.0(@80 1370.24 1370.45 I 
1 7  1375.45 1375.93 10.31 2.82 6.04 1 
I 0.00080 1370.45 1370.65 1 
I 8  1375.E 1376.19 11.21 3.68 8.071 
I 0.00403 1370.65 1371.00 I 
1 9  1376.00 1376.00 11.50 3.70 8.051 
I I 
I ---- -------------------- --------- I 
1 (1) Starting irlvert elevat ion = 1365.D takert from I 
l Ci t y of Fhclenix Prctject P-PM9B1 I 
1 I 
I . I  ....................................................... ........................................................... 
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9th Street Major S t m  Trunk Sewer EK3097 
7/17/91 

BJF 
Table No. 1. Site Data 

I Point Length Pipe  Type of Pipe  Finished P i p e  I 
I Station Di arnet e r  Thickness He Grade Slope I 
I No. (Elw) (Ft/Ft) I 
I --- ----------- -------- ------- ---- --- -- --- ------- - I 
IStarting EGL = 
IStarting HM- = 
IStarting Invert Elev. 
I 
I 1  28 t 69.86 
I 
I 2 29 + 55.46 
I 
1 3 30 t 44.90 
I 
1 4  31+00.W 
I 
1 5 36t21.00 
I 
1 6  36 + 65.00 
I 
1 7 37 + 00.00 
I 
I 8 37 + 50.00 
I 
1 9 40 + 00.00 
I 
I 1 0  43+00.00 
I 
I 11 45+00.00 
I 
I 12 47 + 00.00 
I 
1 13 50t00.00 
I 
1 14 !?0+10.00 
I 
I f 5  53t70.05 
1 
1 1 6  56+00.00 
I 
1 1 7  58t00.00 
I 
I 10 59t61.60 
I 
1 1 9  59t98.62 
I 
1 2 0  60t71.60 
I 

I I 
IKe = Entrance t Emit Loss Cwfficients I 
I I 
I I ..................................................................................... ................................................................................... 



9th Street Major Stom Trunk Swer EK3097 

._I 

Basir No. 5 t o  Basin No. 2 t 7/17/91 
ST-BB 1?33 BJF 
Table NP. 2. Hydraulic Prof i le Design Calculaticv~ .......................................................................... ...................................................................... 
l Poirrt v hv he 5 h l  H EGL EEL HGL H I 
I I 
I No. (Fp5) IFt) (Ft) (Ft/Ft) (Ft) (Ft) (Elw) (Elev) (Elev) (Elev) I 
I----- ------ ------ ------ ------ ----- ------- ------- ----- ---- ---- I 
I I 
I I 
I I 
I I 
I 1  1.55 1366.00 1387.55 1386.00 1386.00 1 
I 10.00 1.55 0.00259 (1.22 0.22 I 
I 2  1387.77 1387.77 1386.22 1386.22 1 
I 10.00 1.55 0.00259 0.23 0.23 I 
1 3  1388.01 1388.01 1386.45 1386.45 1 
I 10.00 1.55 0.OM9 0.14 0.14 I 
1 4  1388.15 1388.15 1386.60 1386.M 1 
I 10.00 1.55 0.00259 1.35 1.35 I 
1 5  1389.50 1389.50 1387.95 1387.95 1 
I 10.00 1.55 0.00259 0.11 0.11 I 
1 6  1389.61 1389.61 1388.K 1389.06 1 
I 10.00 1.55 0.00259 0.09 0.09 I 
I 7  1389.70 1389.70 1388.15 1388.15 1 
1 10.00 1.55 0.00259 0.13 0.13 I 
I B 1389.83 1383.63 1388.28 1387.65 1 
I 11.85 2.18 0.00509 1.27 1.27 I 
1 9  1391.11 1391.11 1388.93 1388.93 1 
I 11.85 2.18 0.00509 1.53 1.53 I 
1 10 132.64 1392.64 1390.46 1390.46 1 
I 11.85 2.18 0.00509 1 .  1.02 I 
I 11 1393.65 1393.65 1391.47 1391.47 1 
I 11.85 2.18 0.00%9 1.02 1.02 I 
1 12 1594.67 1394.67 1392.49 1332.49 1 
I 11.85 2.18 0.00509 1.53 1.53 I 
1 13 1396.20 1396.a 1394.02 1394.01 1 
I 11.88 2.19 0.0K29 0.06 0,% I 
I 14 139L.26 1~336.26 1394.07 1394.07 1 
I 11.88 2.19 0. W E 9  2.27 2.27 I 
1 15 139B.53 1398.53 1596.34 1396.34 1 
I 11.88 2.19 0 1.45 1.45 I 
1 16 1399.98 1399.98 1337.78 1397.78 1 
I 11.89 2.19 0 3  1.26 1.26 I 
1 17 1401.24 1401.24 1393. W 1399.04 1 
I 11.88 2.19 0.0063 1 .  3.21 I 
I 18 2.19 1402.25 1404.45 1400.06 1402.25 1 
I 11.83 2.19 0.0(1629 0.23 0.23 I 
1 19 1404.68 1404.66 1402.49 1402.49 1 
I 11.88 2.19 0 . 0 ~ 2 9  0.46 0.46 I 
1 20 1405.14 1405.14 1402.94 1405.14 1 
I I 
I -- ------------------------------- I 
I Fr ic t io r~  Slope, Sf = 4.66 r? * I) i ( (d / l  IA(16/3)) I 
I Velocity, v = O / (n(d/12)1/4) I 
I Velocity Head, hv = v22g I 
I Fipe L055, h l  = Sf * 1 I 

------------------------------------L-------------------------------------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



9th Street Major Storm Trunk Smer EK3097 
Easiq No. 5 to Basin Nu. 2 7/17/91 
Si-881293 BJF 
Table No. 3. Pip Design Data. ........................................................... ............................................................ I 

IPoirrt Pipe Crclwn Outlet Inlet Top of Pipe F6-H6L HGt-CrcurtI 
I Slope Invert Invert Pipe Cover I 
I No. (Ft/Ft) (Elev) (Elev) (Elev) (Elev) IFt) (Ft) (Ft )  I 

I I 
I I 
I I 
I I 
I 1  1380.00 1380.83 6.97 1.60 6.00 1 
I 0.001 00 1371.00 1371.09 I 
1 2  1380.09 1360.92 6.88 1.58 6.14 1 
I 0.00100 1371.09 1371.18 I 
1 3  1380.18 1381.01 7.19 1.75 6.28 1 
I 0. (01 00 1371.18 1371.23 I 
1 4  1380.23 1381.06 7.44 1.93 6.371 
I 0. 001 0(1 1371.25 1371.75 I 
1 5  1 380.75 1 3 8 1 .  9.62 3,8 7.201 
I 0. OOlKl 1371.75 1371.80 I 
1 6  1380. BO 1381.63 9.87 3.44 7.271 
I 0.00100 1371.80 1371.83 I 
1 7  1JB0. 83 1381.66 10.03 3.54 7.321 
I 0.00100 1371.83 1371.88 I 
I 8 1380. 88 1381.61 10.23 3.62 6.77 1 
I 0,00600 1373.88 1375.38 I 
1 9  1382.38 1363.11 9.89 4.07 6.551 
I 0. 00600 1375.38 1377.18 I 
1 10 1384.18 1384.91 9.79 4.24 6.28 1 
I 0.00600 1377.18 1378.38 I 
I 11 1385.38 1386.11 9.43 4.07 6.09 I 
I 0, (a603 1378.38 1379.58 I 
I 12 1386. M 1387.31 9.07 3.89 5.91 I 
I 0.00600 1379.58 1381.38 I 
I 13 1388.38 1389.03 8.83 3.84 5.63 I 
I 0. K}sX 1382.38 1352.42 I 
I 14 1388.42 1383.06 8.81 3.80 5.65 1 
I 0.00333 1592.42 1383.82 I 
1 15 1 389.82 1390.47 9.43 3.56 6.51 1 
I 0.00330 1383.82 1384.72 I 
1 16 1330.72 1391.37 9.61 3.20 7.06 I 
I 0. (03% 1384.72 1385.50 I 
1 17 1391.50 1392.15 10.51 3.62 7.54 1 
I 0.00390 1385.50 1366.13 I 
I 18 1392.13 1392.78 11.15 3.87 10.12 I 
I 0.02610 1386.13 1387.10 I 
1 19 1393.10 1393.75 2 3.51 9.38 1 
I 0.02f510 1387.10 1383.00 I 
1 20 1395.00 1395.65 10.35 3.06 10.14 1 
I I 
1 -------------------- ------ I 
1 (1) Starting invert elevatiorl = 1372.00 'taken f r o m  Detentiorr I 
IBasin No. 5, City of Phoenix No. ST-896837 I 
I I 
I I 
............................................................ ............................................................... 



HYDRAULIC PROFILE 
BASIN N0.5 TO BASIN N0.2 

'- Invert 

STATIONS (FEIET) 



1 j u m m a r y  T a b l e  NO. 1: D r a i n a q e  A r e a  Data 

P o i n t  S~rbar  ea Zlsn i n g  A r e a  A i  
N o .  No. F a c t  or (:Ac . :) ( A c .  > 

T o t a l  1.57 



Summary T a b l e  Nc1.2. Time 1:1f C ~ : ~ n c e n t r a t i o n  a n d  Runl-~ff Data 
k------------.-------------------------------------------- 

P o i n t  Avg . M a  :i; . T c I n l e t  G! 
N o .  S D i s s t .  I  

( :Ft  / F t  l ( F e e t  :I C Min. :) C I n / H r l  Cc. f.s.1) 



Summary T a b l e  NIZI. 3.  U p s t r e a m  G u t t e r  F law Data 

f _--------------------.------------------------------------------------------ 

P o i n t  S1 ~ Z I P ~  S x Fll:~w-Ey T o t a l  Q Depth  S p r e a d  V e l  o c  i t y  
N o .  (:Ft / F t  :) CFt / F t  :) ( c .  f. s .  :I Cc. f .  s .  :) ( F e e t  :) ( F e e t  ( f .  p. s .  S 



Summary  T a b l e  NCI. 4. I n l e t  a n d  F lc lw-By D a t a  
-.-I..------.-...--- - .................................... I 

F'IZI i n t  Sump I n l e t  C a p a c i t y  F l o w - B y  T o  I n l e t  
No. ( Feet 1) T y p e  ( c . f . s . 3  ( c . f . s . 5  No. 

-..------- ....------- -------- -------- -------- 

Ir , (I) . a (1) SLOTTED D R A I N  
1.13 o . (11 (1) 

(11 (1~:) SLOTTED DF:A I N  

(3 . (:I (1) SLOTTED DF:A I N 
1 1 . 1 (2 1-23  4 

4 (1) . (:)(I) SLOTTED DRAIN 
11.78 2 .4  1 5 

(1) . (:)(:) SLOTTED DRAIN 
11.159 2 - 4 7  6 

(1) . 96 0. 23 '3 

'3 (:) . (3 (1) SLOTTED DRAIN 
2-89 0 . (1) r:, 10 

I (1 (1) . (1) (:) SLOTTED DRAIN 

SLOTTED DF:AIN 

1:) . (1~:) SLOTTED DRAIN 
3 . 1 0 0 , (:)(:, (1) 



T y p e  Qf I n l e t :  SLOTTED D R A I N  
: In1  et I-:on i t  i o n :  On-grade  bl 12w ., IZ:~:~ndicion: '4 Weir f 1 1 - l ~  
' c : L { ~  b Open i n q  C:apac i t y :  ...................... 

I Qa = A p p r c ~ a c h  F low - - 
A p p r o a c h  D e p t h  - - 
A p p r c ~ a c h  S p r e a d  - - 
La = L e n g t h  ftz~r T o t a l  C a p t u r e  = 
Lu = U p s t r e a m  O p e n i n g  Z - - - 
1-:c = IZ11:tgging Fa l - to r  - - 
L = C:c x Lu - - 

I Q / O a  = I n l e t  E f f i c i e n c y  - - 
Q = C : a p a c i t y  - - 
Qg = Fluw-by To G r a t e  

@ = O a - Q  - - 
Grate n1:1t r e q u i r e d  

T l s t a l  I n l e t  C :apac i ty :  . ..................... 
C:ur b Open j. nq C:apac i t  y  - - 
G r a t e d  I n l e t  C a p a c i t y  - - 

I Tcl ta l  I n l e t  12apa1z i t y  

1 . 1 3  c . f . 5 .  
(1). 1 4  f e e t  
9.13 f e e t  

1C.7C f e e t  
40. 00 f e e t  

t:) . 8 1:) 
32. 00 f e e t  
% 1  (1) (1) . (1) (1) % 

1 . 1 3  c . f . 5 .  

Flow-By T I ~ I  P o i n t  No. 2 : 
........................... 

Appl-oach F l ~ w  Ta I n l e t  = 1 . 1 3  c . f . 5 .  
T~zl ta l  C a p a c i t y  Of I n l e t  = 1 . 1 3  c . f . 5 .  



I F'tzl i n t number : 
jLclc a t  i on : 

2 
STA. 53+70 

t 
Drainage Area 

- - - - - - - - - -. - - - -- ---- -. - - - - - - - -. - - - - - - - .." - - - - - - - - - - 
S~rbar ea Z I : ~  i ng Area Zoning A i  

No. Type <At:. :) Fast  or  (AI: . :) 
*---..-.----- -------I- 

1 8-3 10. 02 . G €! . (:) 1 

,:tach F~I:IW t I:I Po in t  No. 2 
---------------------------.--- 

Avg. Slctpe 
Avg . Vel lzttz i t  y 
St reamLength 
Time Of Concentrat i~ztn 
I n t e n s i t y  
Impervious Area 
F l  c~w Frctm Dr a i n a ~ e  Area - 
Flow-by From Upstream I n l e t s  

Appr laalr h F l  clw 

3 c. f .5.  
.0073 F t . /F t .  
2.63 f.p.5. 
15C)C) f ee t  
9.51 min. 
2.40 In./Hr. 
&.(:)I acre5 

= 1 1 . 9 0  I;. f .  s. 
- - 0 .00  c. f .5.  
------- 

Apprclach Depth Pz Spread To Pctint No. : 2 ......................... 
V-Ditch 
Appr clac h F l  clw 
D i t c h  Slctpe 
S ide SloaeCZ: 1:) 
Appr clac h Depth # Spread 

= 1 1 . 9 0  c . f . 5 .  
= 0 .  00550 F t .  /Ft ,  
- - 32.. 000 
- - 0.36 feet  
= 23.25 fee t  



Type Of I n l e t :  SLOTTED DRAIN 
I r ~ l e t  C:on i t i o n :  On-grade C-J 

ow Cclnd1'tit:ln: Weir flclw 
C:~.rrb Opening C:apac i t y :  
...................... 

I Qa = Apprclach Flow 
Appr l:~ac 11 Depth 

= 11.5~) c .  f .s.  - - (:).36 fee t  
Apprc~ach Spread - - 23.25 fee t  
La = Length f~:~r Tota l  Capture = 39.89 fee t  
Lu = Upstream Opening = 46.00 fee t  
CI: = C:lagging Factlz~r = (1) . 80 

P L. = CC !.; LU - - 52. feet  
Q/Qa = I n l e t  E f f i c i e n c y  = 94.78 % 
Q = Capaci ty = 11.28 c.f.5. 
Qg = Flow-by To Grate 

= Q a - Q  = 0.62 c .  f.5. 
'Grated I n l e t  1::apal:ity: 1 ...................... 

8 V-Ditch 
Qq - Apprc~ach F l  ctw = 0.62 c.f .5. 
Appr oal: h Dupt h = (1). 12 feet  

8 
T = Approach Spread = 7.68 fee t  
EI=I = 1-(1-CWg/T)"2.67 - - 0.55 
Cq = Llctqging Factor  = 0.3:) 
Q = Capaci ty = Qg x Cg x EI:I = 0.17 c . f .5 .  

I T o t a l  I n l e t  C:apac i t y :  ..................... 
Curb Open i ng C:apac i t  y = 11.28 c.f.5. 
Grated I n l e t  Capal: i t y  = 0.17 c .  f .  5. 

---------- 
Tlzttal I n 1  e t  IZapac i t y  = 11.45 c. f .5.  

Flow-By Ts Po in t  No. 3 : 
----------------------------- 

Approach Flow To I n l e t  = 11.90 c .  f .  s. 

i Tlz~tal C:apal: i t y  Of I n l e t  = 11.45 c. f .5.  
-------- 

F1 1:tw-Ey = 0.45 c .  f.5. 



F'11tint n u m b e r  : 3 
1-01:: a t  i can : STA. 50+.10 

D r a i n a g e  Area 
t 

a -- --------- ------...- --.-.------------ 

Subarea Z o n i n g  Area Z I : I ~  i no A i  
N o .  T y p e  (41: . F a c t  or (Ac .  S 

--------- --------- --------- --------- --------- 8; 1 R-3 10 . 6  6. OC) 

oat:h F11:tw tt:t P o i n t  NI:I. 3 : 
*------------------------------ I; Avg. Q - - 

Avg. S l c ~ p e  - - 

11 Avg . V e l  CII: i t  y - - 
Stream L e n g t h  - - 
T i m e  Of 1I:ont:entrat  i o n  - - 
I n t e n s i t y  - - 1: I m p e r  v i t:tuss Area - - 

1 Flow F r o m  D r a i n a g e  Area 

F l  ow-by Frl:lm U p s t r e a m  I n l e t s  - 

ti A p p r  lzta~: h F l  ctw 

3 c . f . 5 .  
.a072 F t  . / F t  . 
2.61 f . p . s .  
1500 f e e t  
9.56 m i n .  
2 . 4 0  I n .  /Hr. 
6. (:)(:) a c r e s  

= 1 1 . 8 8  i . f . 5 .  
= 0 .45  c .  f . 5 .  
------- 

= 12-33 I:. f . ~ .  

I ] A p p r o a c h  D e p t h  & S p r e a d  T o  P a i n t  No. : 3 ........................ 
V - D i t c h  
A p p r  ctac h Fl ctw 
D i t c h  S11:lpe 

= 12-33 c .  f . 5 .  
= (:).(:)(:I550 F t .  / F t .  

S i d e  Sl~:lpe(Z: 1 :) = 39. (:)Do 
A p p r  lsatr h D e p t h  - - (5.34 f e e t  @ S p r p a d  = 26.66 f e e t  



Type O f  I n l e t :  SL-OTTED DRAIN 
r l ' n l e t  C:clr-~c{j.til::ln: On-grade 

ow ~-:~:~ndit- i~:~n: Weir f low 
C::L.I~ b Open j. ng  C:apac j. t y: 

Ba = Appr tr~ach F l  I:IW = 12.33 c f 5 .  

Appr ~z~a~z h Depth = 0.34 fee t  
Appr clac h Spread = 26.66 fee t  

I La = Length ftztr Tc:otal Capture = 47.12 fee t  
L.1.r = LJpstr earn Opening = 40. OC) feet  
l:c = Clogging Factor  = 6.8(:) 
L = CC !4 Ll.! - - 32. (30 feet: 

k Q/Oa = I n l e t  E f f i c i e n c y  = 87.71 % 
Q = Capaci ty = 10.81 c.f.5. 
89 - Fltz~w-by To Grate 

= Oa - Q = 1.52 c.f .5. 
:Grated I n l e t  Capaci ty:  ----------------------- 

p V-Ditch 
L?g = 4pprc1ach F~IZIW = 1.52 c.f .5. 
Approalth Depth = (1). 16 fee t  
T = Apprlrlach Spread = 12.14 fee t  

@ EI:I = 1-(j-(Wg/T:)".2,67 
- - 0.38 

t:g = C:lsgqing Facttztr = 0.50 
C.! =: 1r:apal:ity = Qg r; Cg :.r EI~I - - (11.2'3 c .  f .5. 

I! Tc~ ta l  I n l e t  C:apacity: ..................... 
Curb Opening Capaci ty = 16.81 c.f.5. 
Grated I n l e t  13apalzity - - (:). 2'3 1: , f , 5 , 

---------- 
T ~ r ~ t a l  I n l e t  C:apac i t y  = 11.1(:) I:. f.5. 

f i i ~ l o w - ~ ~  Tu Po in t  No. 4 : 
............................ 

Approach F l ~ w  To I n l e t  = 12-33 c. f.5. 
Tlrltal 1I:apacity Of Inlei; = 11.10 c . f .s .  -------- 
F l  l:lw--Ey - - 1.23 c . f . 5 .  



D r a i n a g e  A r e a  
t 

Sirbar  ea Zcln i ng fir pa Zl:~n i n g  hi 
No. Type i:Ac . :) Fete t a r  CAc. 1 

.--------- --------- --------- --------- --------- 
1  R-3 1 0 . 9 1  . 6 G. 55 

T o t  a 1  6.55 

ctach F low t l : ~  F'~:lint NCI. 4  : 
-------.-------,-.-.-- -------- ---- 

Avg. G! - - 
A V ~ .  S l o p e  - - 
Avg. Ve1ol:ity - - 
S t r  eanr L e n g t h  - - 
Time Of C c ~ n c e n t r a t  i c ~ n  - - 
I n t e n s i t y  - - 
I m p e r v i o u s  Area - - 
F l  cow From D r a i n a g e  A r e a  
Flow-by From U p s t r e a m  I n l e t s  # 
A p p r o a c h  F l  I:IW 

3 c . f . s .  
. 0 0 6 4  F t  . / F t  . 
2.50 f . p . 5 .  
1 5 0 0  f e e t  
9.9'3 min.  
2 . 4 0  I n .  / H r .  
6.55 a c r e s ,  

-.. - 1 2 . 9 6  c . f . 5 .  - - 1.23 c . f . 5 .  ------- 
= 14.1 '3  c . f . 5 .  

g A p p r o a c h  D e p t h  & S p r e a d  To P o i n t  N o .  : 4  
........................ 

V-Di tch  

d' Appr clac h  F l  ccw = 1 4 . 1 9  c . f . 5 .  
D i t c h  S11:lpe = ( 5 .  (:)i:)398 F t  . / F t  . 
S i d e  S lc tpe  (:Z: 1  :I = 5 (1) . (1) 00 
Apprlr~al:h D e p t h  - - (1). 35 f e e t  
S p r e a d  = 34.87 f e e t  



T y p e  Of I n l e t :  SLOTTED DRAIN 
I n l e t  [:on i t i o n :  O n - g r a d e  (I 

t:tw C:t:tndit i o n :  &I Weir fltztw . - cc.1~ b ripen j. n g  C:apac i t  y:  ...................... S/ L!a = A p p r o a c h  F l n w  = 14.19 c . f . 5 .  
A p p r o a c h  D e p t h  - - (5.35 f e e t  
A p p r o a c h  S p r e a d  = 34.87 f e e t  

mi L a  = L e n g t h  f o r  Tt:~tal C a p t u r e  = 54.83 f e e t  

j 
L1.1 = U p s t r e a m  O p e n i n g  = 40.00 f e e t  

= (1) 8.1) 12 = C l t r ~ g q i n g  Fact t r t r  
L = Cc :/; Lu - 

U 
- 32. (30 f e e t  

Q / B a  = * I n l e t  E f f i c i e n c y  = 8(:).51 % 
Q  = C:apac i t y  = 11.42 c . f . 5 .  
Qg = Flow-by  To G r a t e  

I! = Q a  -- Q  = 2.76 c . f . 5 .  
G r a t e d  I n l e t ;  C a p a c i t y :  

V - D i t c h  
Qg = Apprc tach  F l a w  
R p p r o a l r h  D e p t h  
T  = Apprctach S p r e a d  
Eo = 1-(l-(Wg/T:)"2.€7 
Cg = C:l ctgg i n g  F a c t o r  
8 = 11:apac i t y  = Qg :J; Cg 

T o t a l  I n l e t  C a p a c i t y :  
..................... 

C:ur b Open i ng C:apac i t  y  
G r a t e d  I n 1  et C:apat: i t y  

Tt:*tal I n l e t  Capa t : i ty  

2.76 c . f . 5 .  
(:).1'3 f e e t  

18.88 f e e t  
0.26 
0 . 50 
0.36 c .  f  .s. 

ow-By T o  F ' o i n t  No. 5 : ........................... @ F1 
Apprc tach  F l o w  T o  I n l e t  = 14.1'3 c . f . 5 .  
T ~ l t a l  C a p a t - i t y  Of I n l e t  = 11.78 c . f . 5 .  -------- 
F l  ow-Ey - - 2.41 c .  f . s .  



4 F'I:~ i n t number : 5 
Lclc at i on : STA. 43-1-(:)(:) 

Drainage Area 
t -----.....- --- _-_--------------------_---------.---- "- t 

Subarea Zoning Area Zc~n i ng A i  
Nc.1 . TYPE (: A I: . :) Fact  or 5Ac. :) 

-_____---  -__----_- 
k-3 1(:). (1)s . 6 E, . 0 3 --------- 

~-tal:ti F~I:IW t l - t  F'clint No. 5 : 
.............................. rAwr;,,. a - - 3 1_.f.5. - 

Avp. Slope = .0062 F t .  /Ft .  
Avg. Velo~: i t y  = 2.47 f.p.5. 
St r earn Length = 1550 feet  
Time Of Csncentrat  i o n  = 1(5. 45 min. 

I 
I n t e n s i t y  = 2.37 In. /Hr.  
Impervic~us Area = €,.(I3 acres 
F l  clw From Drainage Area = 11.76 c . f .5 .  
Fl~:~w-by From Upstream I n l e t s  = 2.41 c .  f .s. 

I ------- 
Apprlzlach F l l l ~  = 14.16 c . f . s .  

#Approach Depth L Spread To P o i n t  No.: 5 ......................... 

I 
V-Ditch 
Approach F l  o w  
D i t c h  Sltz~pe 
Side 511:1pe(Z: 1:) 

i Appr ctach Depth 
Spr eacl 

= 14.16 c. f .  s.  
= (1). (:)(:)552 F t  . /F t  . 
= 4 5 . (:I (:)(:I - - 0. 34 feet  
=. 30. 6'3 feet  



Type Of I n l e t :  SL-OTTED DRAIN 
.In1 e t  C:clndi t ion:  On-gr ade 

)kllzlw r d i r :  -, I Weir f luw 
i -. i - . .~ . r r  b O p e n  i n q  i_':apac i t y :  
-------...----- - ------ ----- 

I; Qa = Approach F l  cow = 14.16 c .  f .  s. 
A p p r  c~ac h Depth - - 0 .  34 fee t  
Appr c~a t  I7 Spread =. 30.69 f ee t  

I; La = Length fo r  T~z~ ta l  Capture = 55.85 f ee t  
LLI = Upstream Opening = 4O.C10 feet  
C:c = C l  l-lgg i n q  Fan: t o r  = (:I . 80 
L = Cc :,; LU - - 32.00 fee t  

11 R/Ba = I n l e t  E f f i c i e n c y  = 79.63 % 
B = C:apac i t y  = 11.28 c . f .5 .  
Bg = F l~ lw-by T o  i3rate 

= Ba -. R = 2.83 c . f .5 .  
$?ra ted I n l e t  C:apac i t y :  ...................... 

V-Ditch 
Rg = Approach F11:lw 
Appr tz~al:h Depth 
T = Approach Spread 
El11 = 1-(1-(Wg/T>"2.67 
C:g =: C:l ogg i ng Fact  clr 
(I! = JZapac i t y  = fig r; Cg 

>Tota l  I n l e t  C:apacity: 
..................... 

Curb Open i ng C:apac i t  y 
13rated I n l e t  Capaci ty  

81 To ta l  I n l e t  izapaci ty  

2.89 c .  f.5. 
0. 19 fee t  

1d.SCr f ee t  
0 . 2'5 
0.50 
0 .  41 c .  f .  5 .  

c1w-B~  TI^ F'I:I~ nt: No. 6 : 
-------------.-------- - ----- ---- 

Approach Flow 7'0 I n l e t  = 14.16 c .  f .  s. 
T ~ s t a l  11:apacity Of I n l e t  = 11.69 c . f . s .  -------- 
T I  ow--By - - 2.47 c. f . s .  



I- PIZI i n t number : G 
Lc.tc at i o n  : STA. 37+C)i:) 

I. 
Drainage Area 

I --..---,--..----..-,-,-,------.--------------~--.--.-----.-- " ------.- - % .- 
S~ ihar  ea Zon i ng Area Z I::I n  i n g A i  

No. Type ( A c .  :) FPC t or CAc . > 
-----..---- --------I 1 ,  R1-6 6.59 . L.J TC 1.65 

To ta l  1.65 

uach Flc~w t c t  F'tz~int No. 6  : 

= 3 c.f .5. 
Avg. Slclpe = .0053 F t .  /F t .  
Avg . Vel IZ~I: i t y L .- - d.33 f  .p.s. #! Stream Length = 145(:r fee t  
Time O f  C:onl:entrat i o n  = 10.37 min. 
I n t e n s i t y  = 2.37 In .  /Hr. 
I mper v i l:lus A r  ea = 1 .65ac res  
Flow From Drainage Area - - 3.22 c .  f. 5 .  

F l  ow-by Frl>m Upstream I n 1  e t s  - - 2.47 c . f .5 .  ------- 
Apprclach F l  I:IW - - 5.6'3 c . f .5 .  

Approach Depth $< Spread T o  Po in t  No.: 6  
......................... 

I 
V-Ditch 
Approach Flow 
D i t c h  Slope 

= 5.69 c. f .5.  
= 0. 00489 F t .  /F t .  

Side Sl~:lpe(Z: 1 = 51 . 000 
Apprl:lach Depth - - (1). 2.1. feet  
Spread = 24.12 fee t  



T y p e  O f  I n l e t :  SLOTTED DRAIN 
C:ondi t i or?: On-gracle 

t 
IZIW Ctsnd i t i on  : Weir f  1  clw 

I-. ~-.c.lrh Open j nq C:apac i t  y: 
-------.--------------- 

Qa = Apprclach F low = 5.6'3 
A p p r o a c h  D e p t h  - - (:).24 
A p p r o a c h  S p r e a d  = 2 4 . 1 2  
La  = L e n g t h  f o r  Tcl tal  C : a p t u r e  = 4(:).14 (1 LU = Llps t ream O p e n i n g  = 40. 00 
Cc = C l o g g i n g  F a c t o r  = 0 . 8(:) 
L = C:c :,; Lu = 32. 01:) 
Q/Qa  = I n l e t  E f f i c i e n c y  = '34.54 
8 = C : a p a c i t y  - - 5.38 
Qg = Flow-by To Grate 

= Qa -. Q = 0 . 3 1  
f G r a t e d  I n l e t  C a p a c i t y :  ...................... 

V - D i  ttzh (1 G?g = A p p r o a c h  F l a w  
Appr c~al: h  D e p t h  
T = A p p r o a c h  S p r e a d  
Eo = 1-(:1-(Wg/T:)."2.C7 
C:g = C:l tagging F a c t o r  
Q = C a p a c i t y  = 89 r; C:g 

T o t a l .  I n l e t  C a p a c i t y :  ..................... 
C u r b  O p e n i n g  C:apac i t y  
I z r a t e d  I n 1  et I2apalz i t y  

T o t a l  I n l e t  C a p a c i t y  

c .  f . 5 .  
f e e t  
f e e t  
f e e t  
f e e t  

f e e t  
x 
c .  f . 5 .  

- - 0.31 C .  f .  5 .  

= (:).(:IS f e e t  
= 8.11 f e e t  
- - (:).53 
-. - 0.50 

;/; El:, = 0.08 c . f . 5 .  

iF1 I I ~ w - B ~  Tcl F'~:~int No. 9 : I' 
I ---------------------- --- ------ 

Appr~ztach F low To I n l e t  = 5. G 9  c .  f .  s .  
T~zl ta l  C : a p a c i t y  Of I n l e t  = 5 . 4 7  c . f . 5 .  

-------- 
F l  ~:tw-Ey - - 0.23 c .  f .  s. 



p o i n t ,  number:  7 
..oc a t  I 111n: STA. 3 G i . 1 3 5  4 5 '  RT 

4 
D r a i n a g e  A r e a  

-------.--.--.------.------.-.-.-------------.-------.---.------- I -- 
Sc. .~barea  Z~:lning ClSr ea ZI:I~I i I T ~  A i  

T y p e  (Ac. . :I F a c t  or c:Ac:. :I --------- ---------- --------- --------- --------- 
F:l-8 8.5200(:1 1  .25 2-13 

T o t  a]. 

- 
Avg. S l o p e  = .0066 F t  . / F t .  
Avg . V e l  IZIIZ i t  y  = 2.53 f . p . 5 .  
Stream L e n g t h  = 3760 f e e t  
T ime  Of  C ~ : ~ n c e n t r a t  i~:~n = 2 4 . 7 7  min.  
I n t e n s i t y  = 1 . 5 3  I n . / H r .  
I mper v i IZIUS fir ea - - 2 . 1 3  a c r e s  
F1 I:IW F r  ctm D r a i n a g e  A r e a  = 2 . 5 4  c . f . 5 .  
F11:tw-by Fr~:lm U p s t r e a m  I n l e t s  - - (:).(:I(:) I Z . f . 5 .  

-------* 

Appr s a c  h F l  cew - - 2 . 5 4  1:. f .  s. 

I? p p r o a c h  D e p t h  $( S p r e a d  Ta F ' c ~ i n t  No.: 7 

1 
C u r b  $( G ~ r t t e r  
Appr l:tal: h F l  CIW 

G u t t e r  Sl cepe 
11:~ 055 S l  o p e  
Apprclach D e p t h  
S p r e a d  

- - 2.54 8:. f .  s. 

= (:1.0173(1 F t .  / F t .  
= 0.027 F t  . / F t  . - - (:).20 feet 
= 7 . 4 8  f e e t  



T y p e  Of I n l e t :  'Mr-F'-156'3 ?L= 1 0  
I n 1  et C:l::gnqi? i o n :  On-g rade  

.Il:lw i_':onditll:ln: Weir flt:gw If- 
C u r b  Dpen i ng C:apac i t  y: 

Qa = Apprcgach Flcgw = 2.34 
Appr oal: ti D e p t h  - - (1) . 3:) 
Apprclac h S p r e a d  = 7 . 4 8  

li La  = L e n g t h  f o r  T1:ltal C a p t u r e  = 1 8 . 8 7  
Lu = U p s t r e a m  O p e n i n g  = 1 3 . 0 0  
CI: = C : l  o g g  i n g  Fa1:tor = (:) . €3:) 

I] 
I- = CI: x Lu = 1 0 . 4 0  
R / Q a  = I n l e t  Ef  fi1:ienl:y = 68.71 
C! = C:apac i t y  = 1.75 
Qg = F l  uw-by To  Grate 

= Q a - R  = (1) . 8~:) 
& r a t e d  I n 1  et Izapac i t y :  I" ...................... 

a C u r b  8 4  G u t t e r  
fig = A p p r o a c h  F low = (1) . at:) 
Appr1:lat:h D e p t h  = 0 . 1 3 
T = Apprclach S p r e a d  = 4 . 8 4  
Eo = 1-C1-(Wg/T:).*'.2. 67 - - (:I . (:)(I) 
C:CI = C: l  o g g i n g  F a c t c ~ r  (I _ = 1 . 0 0  
Q = C a p a ~ : i t y  = Qg :/; 611 :1; EI:I - - (1) . (:)(I) 

II Tc l t a l  I n l e t  C:apac i t y :  
..................... 

i : ~ c r b  O p e n i n g  C a p a c i t y  = 1 . 7 5  
G r a t e d  I n l e t  C a p a c i t y  - - (:I " (:)(:I 

------ 
Tcgtal I n 1  e t  ~Zapal: i t  y = 1 . 7 5  

c .  f . 5 .  
f e e t  
f e e t  
f e e t  
f e e t  

f e e t  
z 
c . f . 5 .  

i . f . 5 .  
f e e t  
f e e t  

@ < F ~ ~ W - - B ~  TO p o i n t  NO. 9 : 
. _ _ _ - _ -  _--"-"---" -...-- -------- ---- ---- 

A p p r c ~ a c h  F - l o w  TI:~ I n l e t  = 2.54 c .  f .s. 
Tlxltal C a p a c i t y  Of I n l e t  = 1 . 7 5  c . f . 5 .  

--.....----.-- 
F-1 g:lg,+g-B~ = 0.80 c . f . 5 .  



D r a i n a g e  Area 
-f -.,.---.-.-----------.---------------.--.---.--.-..----- 

S ~ t b a r e a  Z o n i n g  A r e a  Z~:ln i n g  A i  
Nlzl . T y p e  (Ac. :) F a c t  o r  tAc. :) 

L--------- --------- --------- --------- 
R-i3.A .87 .7 0. Em1 --------- 

13ach F l o w  tcl P o i n t  No. 8 : ------- - -.-- ---- ------. ---------- IP"' Ava. G! - - 3 c . f . 5 .  - 
Avg. S11:lpe = ,0038 F t .  / F t .  
Avg . V e l  I:IC i t  y = 2.OG f . p . 5 .  (1 S t r e a m  L e n g t h  = 1 3 0 0  f e e t  
T ime  Of C : o n c e n t r a t i o n  = 10.53 rnin. 
I n t e n s i t y  = 2 . 3 6  I n . / H r .  
I mper v i ~ r ~ ~ t s  A r  ea = 0 . 6 1  a c r e s  
F l  ctw From D r a i n a g e  Area = 1.18 c . f . 5 .  
F l  I:IW-by Frum U p s t r e a m  I n 1  ets - - t : , f . s .  

------- 
A p p r o a c h  F l  tztw = 1 . 1 8  c . f . 5 .  

A p p r c ~ a c h  D e p t h  P( S p r e a d  To F ' o i n t  No. : 8 
........................ 

C u r b  Pc G u t t e r  
Appr 13a1z h F l  ctw 
G u t t e r  S l  l:lpe 
I:r~:tss S l l>pe  
A p p r o a c h  D e p t h  (1 S p r e a d  

= 1 . 1 8  c . f . 5 .  
= 0. 0 1 4 0 0  F t  . / F t  . 
--- 0 .  (:)I5 F t  . / F t  . 
=: 0.13 f e e t  
= 8.57 f e e t  



T y p e  O f  I n l e t :  'MP-F'-1569 'L=1() 
I: rt 1 et C:oncj j. t j. clrt : On-gr a d e  I f  llrtw C:l:lndit i ~ : ~ r i :  Weir fllzlw 
C:~.{rf:l C1peni.ng 1 Z : a p a c j . t ~ :  
-----------------.--------- 

8a = A p p r o a c h  F l o w  
Anaroa l -h  D e p t h  . . 
Appr clat: h s p ; e a d  = 8.57 

t L a  = L e n g t h  f~:tr T o t a l  C a p t ~ r r e  = 1 4 . 2 5  
Lu = Clpstrearn  O p e n i n g  = 13.00 
Cc = C l o g g i n g  F a c t t z ~ r  = (1) . 8(:) 

ti 
L = Cc r; L L ~  = 10.40 
D/Ba = I n l e t  E f f i c i e n c y  = 80. 81 
L! = C : a p a c i t y  = 0.96 
B g  = Flow-by  TCI G r a t e  

= Ba - R - - 0.23 

! G r a t e d  I n l e t  IZapa l - i ty :  

c .  f .s. 
f ect 
f e e t  
f e e t  
f e e t  

f e e t  
% 
c .  f .s. 

C:crrb $4 l l i ~ r t t e r  
Rg = A p p r u a c  h F l  ctw 
A p p r c ~ a c h  D e p t h  
T = A p p r o a c h  S p r e a d  

I: EI:I = 1-(1-(:Wg/TSA2.67 
C g  = C l o g g i n g  F a c t o r  
[I! = C a p a c i t y  = Qg :I; Cg 

T c ~ t a l  I n l e t  C:apac i t y :  ..................... 
C : ~ t r b  O p e n i n g  C a p a c i t y  
G r a t e d  1 n l e t  c a p a c i t y  

T o t a l  I n l e t  C a p a c i t y  

= 0.23 c .  f .  5. 

= (:).(I7 f e e t  
= 4 . 6 1  f e e t  - - (1) . (:I(:) 
= 1.(:)0 

!4 E C l  
- - 0.(:)(:1 c . f . 5 .  

I Flow-Ejy T ~ I  P c t i n t  No. 9 : 
----------------------------- 

Apprclach F l o w  T a  I n l e t  = 1.18 c . f . 5 .  
T1:ltal C:apat:ity O f  I n l e t  = 0.96 c .  f .  s.  

---.----- 
F l  clk)-By - - (11.23 I:. f. s. 



Drainage nrea 

' S~rbavea Zoning Area Zoning A i  
No. TYPE ( A c .  S Fact or ( Ac: . :I 

--------- --...------ -------.-- --------- --------- I' 1 R-4A 1 . 04 .7 0.73 

Tot a1 

1:lal:h Flmw t o  Pclint No. '3 
............................. 

Avg. Slclpe 
Avg. Ve lc lc i ty  (1 Stream Length 
Time Of Concentrat i on  
I n t e n s i t y  a I m p e r v i c u ~  Area 
Flc~w FY~:~~TI Drainage Area 
Flclw-by Frlsm Upstream I n l e t s  

Approach F l  uw 

a C . f . 5 .  

.005 F t  . /Ft  . 
2.28 f.p.s. 
800 fee t  
5.85 min. 
2.40 In. /Hr.  
(1). 73 acres 

= 1.44 c.f .5. 
= 1.25 c. f .s .  ------- 
= 2.69 c .  f .  5 .  

Appr oac h Depth & Spr ead Tct Po in t  NQ. : 9 
......................... 

V-,Ditch 
Approach F l  clw 
D i t c h  Slope 

- - 2. f.9 c .  f .  s. 
= 0 .  (:)664(:) F t .  /F t .  

Side Slope(:Z: 1 )  = 47.000 
Appr~:tach Depth = (2. 18 feet  
Spl- eacl = 16.46 feet 



T y p e  Of I n l e t :  SL-OTTED DRAIN 
i I r ~ l  st C:onli  t i o n :  On-grade  
F l 1 3 w  Iz:ond i t  i13n: Weir f 1  t>w I* 
C:ur b O p e n i n g  C:apac i t y :  ...................... 

U Ba = Apprclach Flctw - - 2-69 c . f . 5 .  
Appr~:~ach D e p t h  = (1). 1 8  f e e t  
Appr ctac h  S p r e a d  = 1 6 . 4 6  f e e t  

I La  = L e n g t h  f  t:tr Tctt a 1  C a p t u r e  = 2'3. 73 f e e t  
Lu = U p s t r e a m  O p e n i n g  = 4 0 . 0 0  feet  
Cc = l ~ l ~ : q @ i n q  F a c t o r  = (1) . 8(:) 

I 
L = C:c :/; Lu = 32.C10 feet 
B/Ba = I n l e t  E f f i c i e n c y  = %l(:)(:).c:)r:) % 
[I! = I1:apac i t  y  - - 2.69 c . f . 5 .  
Bg = Flaw-by To Grate 

= B a - B  = 0.00 c .  f . 5 .  
Grate not r e q u i r e d  

Tc t t a l  I n l e t  C : a p a c i t y :  
.--------------------- 

I. C u r b  O p e n i n g  C:apac i t y  = 2.69 c . f . 5 .  
G r a t e d  I n l e t  C a p a c i t y  - - (:).(:I(:) c .  f .5.  

----------- 

l 1  I n 1  et 1z:apac i t y  - - 2. f5q 1:. f .  5 .  

Appuoal:h F low To I n l e t  - - 2.69 c . f . s .  
T1:ltal C a p a c i t y  O f  I n l e t  = 2 . 6 9  c .  f .  s. 



number : 1 0 
,L..oC 2, 'C j. on : STR. ;'.'&-t.(:)(:) 

t 
Dra,inage Area 

--------.--.------,----.---,--.------.---.--------" 

Subarea ZI:I~ i ny Area Z I : ~  i ng A i  
No. Type CAc. :) Fact or CAc. :I 

-------I- ----I---- 

F:-4 .E4 .65 (:). 42 --------- 
Tot a1 0.42 

Approa~zh F11:lw t o  Ptzlirit No. 10 : 
............................. 

Avg. B - - - 
Avg. Slctpe - - 
Avg . Velot: i t  y - - 11 Stream Length - - 
Time Of Concentrat i 1 x - i  - - 
I n t e n s i t y  - - 
Impervious Area -. - 
F l  clw Frctm Drainage Area 
F l  C I W - ~ ~  From 1Jpstream I n 1  e t s  

Appr 1:lac h F l  ow 

3 c. f .5 .  
.0042 F t  . /Ft  . 
2.14 f.p.5. 
400 f ee t  
3.12 min. 
2.40 In./Hr. 
(1). 42 at:res 

= 0.82 c. f.5. - - (:).(:I(:) 1:.f.~. 
------- 

(]Approach Depth & Spread To Po in t  No. : 10 
------.------------------ 

I] 
V-.Di t c h  
Appr uac h F l  clw 
D i t c h  Slope 

3 
Side SlopeCZ: 1:) 
Approach Depth 

(1 Spread 

= 0.82 c. f.5. 
= (:). (:)(:)423 F t .  /F t .  
= 38 . (:)(:I(:) 
= (1). 13 fee t  
= 9.9'3 feet  



T y p e  O f  I n l e t :  SLOTTED DEAIN 
;In1 et C:ondj t i o n :  On-grade  

.It 'T11zlw C:t>ndltilsn: Weir f l c ~ w  1, c.:urb O p e n i n g  C:apac i t y :  ....................... 
I; Qa = A p p r o a c h  F l  clw - - 

Appr l:lac h D e p t h  - - 
A p p r c ~ a c h  S p r e a d  - - 

li L a  = L e n g t h  f o r  T o t a l  C a p t u r e  = 
Lu = U p s t r e a m  O p e n i n g  - - 

i 
Cc = IZlugging  Falrtlzlr - - 
L.  = C:c x Ln - - 

U Q / R a  = I n l e t  Ef f  i c  i e n c y  - - 
IS! = C : a p a c i t y  - - 
Qg = Flow-by TI:# Grate 

11 = Q a - R  - - 
Grate n o t  r e q u i r e d  

Tc l t a l  I n l e t  C :apac i ty :  ..................... 
I! C:ur b O p e n  i n g  C:apac i t y  - - 

G r a t e d  I n l e t  Capalr i t y  - - 

11 Tcl ta l  I n l e t  C a p a c i t y  

0.82 c . f . 5 .  
0. 13 f e e t  
9.99 f e e t  

13.43 f e e t  
40. 00 f e e t  

0 . 8 (:) 
32. (:)0 f e e t  
% 1 0 (1) . 0(:) % 
0.82 c .  f . s .  

Flctw-By To F 'o in t  N o .  11 : 
1 ---------.-----,-,------------- 

f7pprc1ach F low TCI I n l e t  = 0.82 I:. f .s. 
Tcttal. 1,:apalr i t y  Of I n 1  et = 0.82 c .  f .s. 



t 
D r a i n a g e  A r e a  

-----.-----.-,-.-.-----.----.-. --- ----.----- .-...----.-- " "--- -- 
Sctbarea Z~ztn i n a  A r  ea Z o n i n ~  A i  - - 

No. T y p e  (:Ac . 1) F a c t  o r  (Uc. :) --------- --------- --------- ----.----- --------- 
R-4 3.7 .65 2.41 

T o t a l  .2 ,41  

Appr~:tach F low tla P tz~in t  NO. 11 : 
-------.------------------------ 

Avg. C! - - 
Avg. S l c tpe  - - 
Avg . V e l  t:~c i t  y - - 
S t r e a m  L e n g t h  - - 
Time O f  C o n l - e n t r a t  i o n  - - 
I n t e n s i t y  - - 

I I m p e r v i o u s  Area - - 
Flow Frctm D r a i n a g e  Area 
F l  l:lw-by From ubstrearn I n l e t s  

I Appr1:lach F l o w  

3 c . f . 5 .  . OC-)C4 F t  . / F t  . 
2.50 f . p . s .  
800 f e e t  
5.33 min .  
2.40 I n .  / H r .  
2.41 a c r e s  

= 4.76 c . f . 5 .  
= (I.(:)(:) c . f . 5 .  
------- 

= 4.76 c . f . 5 .  

Apprctach Depkh & S p r e a d  To P o i n t  N o .  : 1 1  
........................ 

I 
V-Ditch 
Appr aac h  F l  ctw 
Di-l;ch S l o p e  

= 4.76 1 . f . s .  
= 0 .  (:)(:)264 F t .  / F t .  

S i d e  S lc tpe (Z :  3.5 = 34 . 0 (:I (:I 

i Apprl:tat:h D e p t h  - - (:).2'3 f ee t ;  
S p r e a d  = 19.65 f e e t  



T y p e  Of I n l e t :  SL-OTTED DRAIN 
.,In1 et C:ond i  t i n n :  Cln-.glradr? 

ctw  cand dig ion: Weir  f l o w  Ill - 
i::~~rb O p e n i n g  C:apac i t y :  
-----.---- -----------...---- I: Ba = A p p r o a c h  F l  clw = 4.7G c . f . 5 .  

Appr lr~ac t i  D e p t h  - - (1). 2 9  feet  
Apprctach S p r e a d  = 19.55 f e e t  

p L.a = L e n g t h  fmr Tcl ta l  C a p t ~ r r e  = 22.59 f e e t  
Lu = U p s t r e a m  O p e n i n g  = 40. (:)(:I f e e t  
121: = 11:logg i n g  F a c t o r  = (:).80 
L = I::!:: :/; L L{ - - 32. (:)(I) feet 

11 Q/Ba = I n l e t  E f f i c i e n l r y  = %1(:)(:). (:I(:) % 
a = t1::apac i t y  = 4 . 7 6  c . f . 5 .  
Qg = Flow-by TO Grate 

II = B a - ( 5 !  = 0.00 c .  f . 5 .  
Grate  n o t  r e q u i r e d  

T o t a l .  I n l e t  C : a p a c i t y :  - 
C ~ t r t )  O p e n i n g  C a p a c i t y  = 4 . 7 6  c . f . 5 .  

I 
G r a t e d  I n l e t  C a p a c i t y  - - (:I.(:)(:) 1:. f .5.  

---------- 

I! Tlzttal I n 1  e t  Capal: i t y  = 4 . 7 €  c . f . 5 .  
i 

Flow--E{y TI:I : l ~ ' o i r l t  No. 12 : 

A p p r c ~ a c h  Fl.clw To I n l e t  = 4 . 7 6  c . f . 5 .  
Tl:ltal Izapac i t y  Of I n l e t  = 4 . 7 6  c . f . s .  

-------- 
F l  ow-Py - - (:).(:)(:) 1:. f .S .  



m F'ctint number : 
L c ~ c  a t  icon : 

e D r a i n a g e  Area 
&--L ---------.--.-------.--.-.--.--.--..--,-. ------ ----.-.--.-.-.-.- ---.-..----- I; 

S ~ ~ b a r  ea Zon i no  Area Zsn i no  A i  - - 
No. T y p e  CAc. > F a c t o r  --------- --------- --------- ------- 

IND. FAEI.::: 2.(:)9 .75 

Avq. S l o p e  
Avg. V e l o l ~ i t y  
Stream L e n g t h  
T ime  Of C u n c e n t r a t  i c ~ n  
I n t e n s i t y  
I mpevvi*:lus Area 
Flctw Frc~m D r a i n a g e  A r e a  
F l   by Frclm U p s t r e a m  I n 1  e t s  

B! a Appr I : I ~ C  h  F l  o w  

3 C . f . 5 .  
. a 0 2 1  F t  . / F t .  
1 . 6 5  f . p . 5 .  
900 f e e t  
9 . 1 1  min.  
2 . 4 0  I n . / H r .  
1.57 a l r r e s  

- - 3.10 c . f . 5 .  
- - (:).(:I(:) 1I.f .S.  
------- 

I Appr1:tach D e p t h  FA S p r e a d  To P a i n t  Ncl.: 12 
-------------------------- 

Y 
V-Ditch 
Appr oar h Flow - -. 3.10 c . f . 5 .  
D i t l rh  S11::tpe = (:).(:)0151 Ft-. / F t .  
Side S1opet :Z:  1:) - - 3 3 . (:)(:)(:I 
Appr  lac h D e p t h  - .- 0. 28 feet- 
S p r e a d  - 1 8 . 2 4  f e e t  



T y p e  O f  I n l e t :  SI..C!TTED DF:RIN 
~ - ; I n I . e t  C o n q i t i o n :  On- - ,g rade  

F 1 1 w  : r r :  Weir f l l - t w  
> -. 'I-:i.cr ti Open i nq C:apac i t  y:  
--------- ---.""- ----*-- ---.-- 

I! oa =: Approarlt l  F l  clw - 3.10 c . f . E . .  
Appr  oal: h D e p t h  - - O.28 f e e t  
Apprclach S p r e a d  = 1 8 . 2 4  f e e t  
La = L e n g t h  f o r  Tlzltal C a p t u r e  = 15.51 f e e t  
Lu = U p s t r e a m  O p e n i n g  = 40. (:)(:I f e e t  li CI: = C l c ~ g g i n q  Fa~:t l>r = 0 . 80 

I1 
L = I::< :.; L 1.1 =. 32. (:)(:I f e e t  
B / O a  = I n l e t  E f f i c i e n c y  = %I(:)(:). (:)(:) % 
Q = C a p a c i t y  - - 3.10 c . f . 5 .  
fig = F l  ow-by TI:* G r a t e  

II = fia --. [5! = 0.00 c .  f . s .  
G r a t e  n o t  r e q u i r e d  

T c ~ t  a 1  In1 et C:apac i t  y :  
*_-----------------_I- 

C u r b  O p e n i n g  C a p a c i t y  - - 3.10 c. f . ~ .  
G t - a t e d  I n l e t  I z a p a c i t y  - - c:).r:)c:) C . C . 5 .  

---------- 
T c l t a l  I n l e t  C a p a c i t y  

F l  c~w-Ey To P o i n t  N I ~ .  U : 
-------- ------ ------ --------- 

Apprc tach  F ~ C I W  To I n l e t  - - 3.10 c. f. s. 
T111tal 1::apac i t y  Of I n l e t  - - 3.11:) 1 z . f . s .  



C$ I-;-.; E; 1 11 -- \CL r Mfi 7'RUPJl', S'rURM f)l:iF)l p\l 
':ST - ti87293 
SLDTTED DRnIN COLLECTOR PIPE CRFIRCITIES 

F't. No. 7 8 9 10 1 I 1 I- 5 

I ------.-- - - ----- ------------------ --.--- -- --------- --- -------- 
St  a t  i c6n Y.. +C 36+.50 zE,+.i)~:> 1 +4. $:I 12.t.60 

i * P c ~ i r ~ t  PJos. 7 8. 8 are cur-b i r ~ l e t s  w i t h o u t  s l c l t t e d  d r a i n  



9 ~ h '  STREET Et::&4$3(:)37 
CDNNECTDR P I P E  CALCS 7 /  19/91 
CITY OF PHOENI X PROCEDURE FOE C:ONNEC:TOR P I P E  DESIGN. B J F / I.::: M 
RE: S t l z l r m  D r a i n  D e s i g n  M a n u a l ,  C i t y  of  P h o e n i x ,  1387, P a g e s  18, 31-34. ........................................................................ -------.--.--------------------------------------------------------------- 
P I P E  REC:ORD NO. 1 

LCII:: a t  i o n  : STA 5 8 + 0 0  
P i p e  mater ia l  : ROP 
M a n n i n g s  N-Value ,  n = i:) . 0 1 3 
P i p e  d i a m e t e r  (:Dl = 19 I n  
P i p e  L e n g t h  (1:) = 11 F t  
P i p e  A n g l e  a t  I n l e t  (0:) = 90. 00 Deg 
G r a t e  E l e v a t i o n  (131 = 1402. € 5  F t  
O u t l e t  I n v e r t  E l e v a t i o n  (ELcI )  = 1390. 13 F t  
I n l e t  I n v e r t  E l e v a t i o n  CELiS = 139'3. € 5  F t  
C:urb F a c e  O p e n i n g  ( c f  5 = O I n  
D e s i g n  F l o w  CB:) = 1.13 c f s  
T a i l w a t e r  E l e v a t i o n  CTwl = 139'5. 0.1 F t  ........................................................................ 

ASSUMING OUTLET C:QNTFIOL AND P I P E  FLOWING FULL CALC:ULATE THE FOLLOWING: 
P i p e  Diameter, d = 1.25 F t  
D e f l e c t  ilzln A n g l e ,  8 = '30. 00 Deq 
I n l e t  D i a m e t e r ,  d i  = d / s i n  8 = 1.25 F t  
V e l o c i t y ,  v = Q / ( a ( d / 1 2 : ) 2 / 4 : )  = (:I. 92 ~ p s  
V e l c ~ c  i t y  H e a d ,  h v  = v 2  + 2 9  = O.(:)1 F t  
F r i c t i o n  S l o p e ,  S f  = 4 . 6 6  * n:! * B " 3  fd . - - ( l€ /3: ) : )  = ~).0(:)(:)31 ~ t / ~ t  
E n t r a n c e  LCISS C o e f i c i e n t ,  F::e = (3 . 50 
E x i t  L o s s  C o e f i c i e n t ,  Ktzt = 1 
P i p e  L u s s ,  hp = S f  * 1 = 0.00 F t  
E n t r a n c e  L o s s ,  h e  = P:e * h v  = 0 . 0 1 F t  
E x i t  L I Z I S ~ ,  h ~ t  = t : : ~  * h v  = 0.01 F t  -------- 
T c t t a l  F r i c t i o n  L o s s ,  H = h p  + h e  + hr::~ = (:I. (32 F t  
H e a d w a t e r  E l e v a t i o n ,  HWCI = Tw + H = 1399. (116 F t  .......................................................... ----- 

A S S U M  I NG INLET C:ONTROL, C:ALCULATE THE FOLLOWING (EE: BUREAU OF PUBL I C: 
ROADS, 19E4.  > : 

s q u a r e  E d g e d  H e a d w a l l  
L! = 1.13 c f s  
,.,: =: Q / d .*.7 5 = 0. 6468 
Hw/d = 0 .  46 F t  / F t  
H w i  = Hw * d + E L i  = I&(:)(:). 22 F t  ........................................................................ 

C:ALC:ULATE FREEBOARD AND DEPTH OF BASIN: 
I Z : c ~ n t r o l l  i n g  H e a d w a t e r  C c r n d i t i o n  (Max. o f  Hwo or Hwi S ,  

HW = 140(:). 22 F t  
F r e e b o a r d ,  FE = G - c f f 1 2  - HW = 2 . 4 3 ~ t  2 0. 5(5 F t  --------- --------- 
Minimum Al1l:lwable D r c ~ p  I n l e t  D e p t h ,  

V' = 1: f+ l2  + 1.5 h v  + d i  = 1.27 F t  
D r o p  I n l e t  D e p t h ,  V = G - E L i  = 3.00 ~t 2 1.27 F t  --------- --------- 



i 
9TH STREET Ek:':A*30f37 
C:ONNEC:TOR P I  FE   CALI::^ 71 1 '3 / '3  1 
[:I TY OF PHOENI X PR0C:EDUF:E FOR C:ONNEC:TOR P I P E  DESIGN E J F  / \:'.:PI 
RE: Storm D r a i n  D e s i g n  M a n u a l ,  C i t y  o f  P h c t e n i r ; ,  1987, P a g e s  18, 31-34 
------------------------.----------------------------------- - ........................................................ - 
P I P E  RElZORD NO. 2 

L o c a t  i o n :  STA 5 3 + 7 0  
P i p e  mater i a l  : RC:P 
M a n n i n g 5  N - V a l u e ,  n = 0 . 0 1 3 
P i p e  d i a m e t e r  ( D l  = 18 I n  
P i p e  L e n g t h  (1 :) = '3 F t  
P i p e  A n g l e  a t  I n l e t  (O> = 90.00 D e q  
G r a t e  E l e v a t i o n  (GI = 139'3.79 F t  
O u t l e t  I n v e r t  E l e v a t  ic tn  (ELo:)  = 1 3 8 8 . 3 4  F t  
I n l e t  I n v e r t  E l e v a t i ~ r ~ n  ( E L i >  = 13'36.29 F t  
C : ~ t r b  F a t r e  O p e n i n g  ( c  f :) = O I n  
D e s i g n  F l o w  CQ:) = 11.45 c f s  
T a i l w a t e r  E l e v a t i o n  CTw) = 1396.34 F t  

.......................................................... 
ASSUMINIZi OUTLET C:ONTF:OL AND P I P E  FLOWING FULL CALCULATE THE FOLLOWING: 

P i p e  D i a m e t e r ,  d = 1. 50 F t  
D e f l e c t i o n  A n g l e ,  8 = 90. 0(:) D e g  
I n l e t  D i a m e t e r ,  d i  = d / s i n  8 = 1.50 F t  
V e l o c i t y ,  v = L! / C ~ ( d / 1 2 5 2 / 4 : )  = 6.48 F p s  
V e l o c i t y  H e a d ,  h v  = v 2 S Z g  = (3 .64  F t  
F r i t r t i c l n  S l o p e ,  S f  = 4.66 * n2 * R2 t C d " ( l € / 3 : ) 5  = O.C11188 F t / F t  
E n t r a n c e  L t r ~ s s  C s e f i c i e n t ,  K e  = 0 . 50 
E:,;it L ~ r t s s  C:oef i c i e n t ,  Kt11 = 1 
P i p e  L o s s ,  h p  = S f  * 1 = 0.11 F t  
E n t r a n c e  L o s s ,  h e  = t < e  * h v  = 0.32 ~t 
E:,;it L I S ~ S ,  ht:~ = t:::l-I h v  = 0 . 6 4  F t  

-------- 
T c l t a l  F r i c t i c t n  L o s s ,  H = h p  + h e  + h i l  = 1.07 F t  
H e a d w a t e r  E l e v a t  i u n ,  HWIII = Tw + H = 1397.41 F t  ........................................................................ 

ASSUMING INLET CONTROL, 1::ALCULATE THE FOLLOWING (RE: BUREAU OF PUBLIC 
ROADS, 1 9 6 4 .  :I : 

S q u a r e  E d g e d  H e a d w a l l  
L! 1 11.45 I - f s  
!,; = fi / d " 2 . 5  = 4.1551 
Hw/d = 1.77 F t  / F t  
Hwi = Hw * d + E L i  = 13'38.95 F t  

........................................................................ 
1I:ALC:ULATE FF:EEBOAF:D FIND DEPTH OF PAS I N  : 

C : o n t r o l l i n g  H e a d w a t e r  C o n d i t i ~ ~ t n  (Max.  tr~f Hwc~ or Hwi: ) ,  
HW = 1398.95 F t  

F r e e b t r t a r d ,  FE  = 13 - c f + 1 2  - HW = 0 . 8 4 F - t  2 0.50 F t  
--------- --------- 

Minimum A l l c l w a b l e  Dr l r~p  I n l e t  D e p t h ,  
V '  = c f f 1 2  + 1.5 * h v  + d i  = 2 . 4 7  F t  

D r o p  I n l e t  D e p t h ,  V = G - E l i  = 3.5Q ~t 2 2.47 F t  --------- --------- 



~ T H )  STREET Et:::A#3(:l1S7 
C:ONNEC:TOF: P I  PE  C:ALCS 7/19/91 
C: I TY OF PHOENI X PROCEDURE FOR C0NNEC:TOR P I  PE DESIGN. BJF/t:LM 
RE: Storm D r a i n  D e s i g n  M a n u a l ,  C i t y  1:lf P h o e n i x ,  1987, P a g e s  18, 31-34. ........................................................................ ........................................................................ 
P I P E  REC0F:D NO. 3 

Lsl:at i o n :  STA 56i-10 
P i p e  mater ia l :  RCP 
M a n n i n g s  N - V a l u e ,  n = 0 . (:I 1 3 
P i p e  d i a m e t e r  CD> = 18 I n  
P i p e  L e n g t h  (1 )  = 9 F t  
P i p e  A n g l e  a t  I n l e t  (01 = 40. 00 Deg 
G r a t e  E l e v a t  i u n  CG) = 1397.81 F t  
O u t  le t  I n v e r t  E l  e v a t  i o n  CELo:) = 13865.94 F t  
I n l e t  I n v e r t  E l e v a t i o n  ( E L i 5  = 1"' a34.31 F t  
C u r b  F a c e  O p e n i n g  ( c f T  = O I n  
D e s i g n  F l o w  (0:) = l1.lC) c f s  
T a i l w a t e r  E l e v a t i o n  (Tw:) = 1394. 07 F t  ........................................................................ 

ASSUMING OUTLET C:ONTROL AND P I P E  FLOWING FULL CALC:ULATE THE FOLLOWIN13: 
P i p e  D i a m e t e r ,  d  = 1. 50 F t  
D e f l e c t i o n  A n g l e ,  O = '3C1 . (:)0 D e  gl 
I n l e t  D i a m e t e r ,  d i  = d  / s i n  O = 1.5(:1 F t  
V e l ~ : ~ c i t y ,  v  = B  / C ~ r ( d / 1 2 5 2 / 4 : )  = 6.28 F p s  
V e l c ~ c  i t y  H e a d ,  h v  = v a f 2 g  = (:).GI F t  
F r i c t i o n  S l o p e ,  S f  = 4.GG u: nz  * 122 f Cds*.C1€/3)S = O . O l I 1 6  F t / F t  
E n t r a n c e  L o s s  C ~ : t e f i c i e n t ,  #e = (1) . 5 C) 
E:l;it  L o s s  [:clef i c  i e n t  , t::ct = 1 
P i p e  L ~ s s ,  h p  = S f  * 1 = (3. 1O F t  
E n t r a n c e  L c l s s ,  h e  = t::e * h v  = 0.30 F t  
E:/;it L o s s ,  ~ I : I  = b::o u: h v  = 0.61 F t  

-------- 
T o t a l  Fr ic t i1 : tn  L o s s ,  H  = hp  + he + ho = 1.01 F t  
H e a d w a t e r  E l e v a t i o n ,  Hwo = Tw + H = 1395.08 F t  .............................................................. -- 

ASSUM1 NG INLET CONTROL, CALC:ULATE THE FOLLOWING (RE: BUREAU OF PUELTC: 
ROADS, 1 9 6 4 .  :I : 

S q u a r e  E d g e d  H e a d w a l l  
(5! = 11.10 c f s  
y; = B / d"2 5 = 4.0280 
Hw/d = 1.71 F t / F t  
Hwi = Hw * d + E L i  = 1396.87 F t  ........................................................................ 

C:ALCULATE FREEBOARD AND DEPTH OF BASIN: 
C : o n t r l : ~ l l i n g  H e a d w a t e r  C:i:~ndit i u n  (Max.  ~rtf HWC* or H w i ) ,  

HW = 1396.87 F t  
F r e e b ~ z ~ a r d ,  F E  = G  - c f t l 2  - HW = 0 . 9 4  F t  2 0.5C) F t  --------- --------- 
Minimum n l l l r t w a b l e  D r o p  I n l e t  D e p t h ,  

V ?  = c f 4 1 2  + 1.5 * h v  + d i  = 2.41 F t  
D r o p  I n l e t  D e p t h ,  V  = 6 - E L i  = 3.3:) F t  2 2.41 Ft  

-....------- --------- 



9 ~ t . I  STREET EC:A#36'37 
CONNEC'TOR P IPE C:AL.C:S 7 / 1 9 / 9 1  

TY OF F'HOEN I X PF:OC:EDUEE FOF: CONNEUTOL: P I PE DEE; I GN, E JF /  t::M 
RE: S t o r m  D r a i n  D e s i g n  Manua l ,  C i t y  o f  Phoeni:,;, 1987, Pages  18, 31-34. 
-----------------------------------------------------------,----------,--- --------------------------------------------------------.----,----- --- 
PIPE RECOED NO. 4 

LI:IIZ a t  i o n  : STA 47+(:)(:) 
P i p e  m a t e r i a l :  RCp 
M a n n i n g s  N-Value, n = 0 . 0 1 3 
P i p e  d i a m e t e r  CDS = 1 8  I n  
P i p e  L e n g t h  (1:) = '3 F t  
P i p e  A n g l e  a t  I n l e t  CO:) = 90. 00 Deg 
G r a t e  E l e v a t i o n  (GI = 1396.41 F t  
O u t l e t  I n v e r t  E l e v a t i c t n  CELoI = 1384.97 F t  
I n l e t  I n v e r t  E l e v a t i o n  ( E L i )  = 1392.91 F t  
C u r b  F a c e  Open ing  ( c f )  = C) I n  
D e s i g n  Flt=aw (RS = 11.78 c f 5  
T a i l w a t e r  E l e v a t  i o n  (Tw4 = 13 '~~2 ,4*=~  ~t -________---____--_----------------------------------------------------- 

ASSUMING OUTLET C:ONTF:OL AND P IPE FLOWING FULL CALCULATE THE FOLLOWING: 
P i p e  D i a m e t e r ,  d = 1.5(:) F t  
D e f l e c t i c ~ n  A n g l e ,  8 = 9 0 . 0 0  Deg 
I n l e t  D i a m e t e r ,  d i  = d / s i n  (2) = 1 . 3:) F t  
V e l i t ~ : i t y ,  v = Q / (n Id /12 : )2  / 4 )  = 6.67 FPS 
V e l ~ s c i t y  Head, h v  = v 2 f 2 g  = 0.68 F t  
F v i c t  ion Sl~ztpe, S f  = 4.66 * n:! * Q? + ( d . " ( l € / 3 >  5 = 0.01257 F t / F t  
E n t r a n c e  L c ~ s s  C u e f i c i e n t ,  tfe = (1) 5 (1) 
E x i t  L o s s  C : ~ > e f i c i e n t ,  K o  = 1 
P i p e  L~:tss, h p  =: S f  * 1 = (1). 11 F t  
E n t r a n c e  LI=ISS, h e  = Ke  * h v  = (1). 3 4  F t  
E x i t  L o s s ,  h o  = K ~ I  *. h v  = (1). 68 F t  

-------- 
T o t a l  F r i c t i o n  LCIBS, H = h p  + he +- h o  = 1.14 F t  
Headwate r  E l e v a t i o n ,  Hwo = Tw + H = 13'33.63 F t  ........................................................................ 

4GSUMING INLET CONTROL, CALCULATE THE FDLLOWING IRE: BUREAU OF PUBLIC 
ROADS, 1964. :I : 

S q u a r e  Edged H e a d w a l l  
L! = 11.78 c f s  
y; = / d"2.5 s 4.2748 
Hw/d =. 1 .84 F t / F t  
Hw i  = Hw * d + E L i  = 1395.67 F t  ........................................................................ 

CALCULATE FREEBOARD AND DEPTH OF BASIN: 
C : c ~ n t r u l l i n g  Headwate r  C:clndit i~:~n (Max. o f  Hwa car HwiS, 

HW = 13'35.67 F t  
F r e e b o a r d ,  FB = G - c f f 1 2  - HW = 0.74 F t  2 0. 5 0  F t  

--------- --------- 
M i n i m ~ r m  A l l c l w a b l e  Drlzlp I n l e t  Dep th ,  

V' = c f I 1 2  + 1.5 * h v  + d i  = 2-52 F t  
Drctp I n l e t  Depth ,  V = G - E L i  = 3.3:) ~t 2 2.52 F t --------- 



~ T H *  STREET EKA#3(:)'37 
C:ONNEC:TOF: P I  PE 1::ALCS 7/ 19/91 
CITY OF PHOENIX PR0C:EDURE FOR CONNECTOR P I P E  DESIGN. B J F  / t:::M 
RE: Stolrm D r a i n  D e s i g n  M a n u a l ,  C i t y  o f  P h c l e n i x ,  1987, P a g e s  18, 31-34.  ........................................................................ --------------.--------------------------------------.--------------- - 
P I P E  RECORD NO. 5 

LIX a t  i o n  : STA 43+UO 
P i p e  material:  RCP 
M a n n i n g s  N-Value,  n = 0.013 
P i p e  d i a m e t e r  ( D l  = 18 I n  
P i p e  L e n g t h  (1:) = 10 F t  
P i p e  A n g l e  a t  I n l e t  ((:I> = 90.00 Deg 
G r a t e  E l e v a t i o n  (13:) = 1394.57 F t  
O u t 1  et I n v e r t  E l  e v a t  i o n  (ELI:,:) = 1382.57 F t  
I n l e t  I n v e r t  E l e v a t i o n  ( E L i S  = 1391.07 F t  
C u r b  F a c e  O p e n i n g  C c f >  = C) I n  
D e s i g n  F ~ I Z I W  CQ:) = 11.Ca3 c f s  
T a i  1 water E l e v a t  i c ~ n  CTw) = 1391:). 46; F t  ........................................................................ 

ASSUMING OUTLET C:ONTROL /AND P I P E  FLOWING FULL CALCULATE THE FOLLOWING: 
P i p e  Diameter, d = 1. 5(:) F t  
D e f l e c t  i c ~ n  A n g l e ,  8 = 9(:). a(:) Deg 
I n l e t  D i a m e t e r ,  d i  = d / s i n  (3 = 1.50 F t  
Vell:lt:ity, v = L! / C ~ ~ S d / 1 2 ) 2 / 4 >  = 6.62 F p s  
Ve11:tcity H e a d ,  h v  = v 2 + 2 g  = (3.67 F t  
F r i c t  ilan S l o p e ,  S f  = 4.615 * n2 * f Cd"(16/31:) = 0. (:)I238 F t / F t  
E n t r a n c e  L o s s  C o e f i c i e n t ,  K e  = t:) . 50 
Ex i t  L o s s  C c ~ e f  i c i e n t ,  = I 
P i p e  L o s s ,  h p  = S f  * 1 = 0. 12 F t  
E n t r a n c e  L o s s ,  h e  = Ke * h v  = 0.34 F t  
E x i t  LI:I~s, ~ I : I  = KCI * h~ = 0 .  67 F t  

-------- 
T o t  a1 F r  i c  t i~:ln Lc l ss ,  H = h p  + h e  + hlz1 = 1.13 F t  
H e a d w a t e r  E l e v a t i o n ,  Hwcl = Tw + H = 1331.5'3 F t  ------------------------------------------------------------------------- 

A S S U M I N G  INLET CONTROL, CALCULATE THE FOLLOWING (F?E: BUREAU OF FUBLIlS 
ROADS, 1 3 6 4 .  5 : 

S q u a r e  E d g e d  H e a d w a l l  
B = 11.69 c f s  
;/; = Q / d"'.2.3 = 4.2427 
Hw/d = 1.82 F t / F t  
H w i  = Hw * d + E L i  = 13'33. 80 F t  ........................................................................ 

COLCULATE FREEBOARD AND DEPTH OF BASIN: 
I I : c l n t r ~ : ~ l l i n g  W e a d w a t e r  C o n d i t i o n  (Mar;. o f  H W C ~  or HwiS ,  

HW = 13'33.80 F t  
F u e e b c ~ a r d ,  FE = G - c f G 1 2  - HW = 0.77 F t  - 0. 5(:) F t  --------- --------- 
Minimum A l l o w a b l e  Drclp I n l e t  D e p t h ,  

V'  = c f f l 2  + 1.5 * h v  + d i  = 2.51 F t  
Drclp I n l e t  D e p t h ,  V = G - E L i  = 3 . 5 0 F t  2 2 . 5 1  F t  --------- --------- 



'3~6 STREET EI.:A#3097 
C:ONNEC:TOFF' P I  PE  CAL.C:S 7/ 113/'51 
C: I  TY OF F'HOENI X PR0C:EDURE FOR C:ONNEC:TOF: P I P E  DESIGN. BJF/EM 
F:E: S t c ~ r m  D r a i n  D e s i g n  M a n u a l ,  C i t y  o f  P h u e n i x ,  1387, F ' a g e s  18, 31-34. ......................................................................... ......................................................................... 
P I P E  RECORD NO. G 

L~rtc a t  i c ~ n  : STA 3 7 + 0 0  
P i p e  mater ia l :  F: C: P 
M a n n i n q s  N - V a l u e ,  n = t:) . (:) 13 ' 
P i p e  d i a m e t e r  ID:) = 15 I n  
P i p e  L e n g t h  (1:) = 11 F t  
P i p e  A n g l e  a t  I n l e t  (0:) = 90.00 Deg 
G r a t e  E l e v a t i o n  (GI = 1331.62 F t  
O u t l e t  I n v e r t  E l e v a t i o n  I E L o l  = 1 3 7 ' 3 . 0 4  F t  
I n l e t  I n v e r t  E l e v a t  i n n  C E L i )  = 1388.62 F t  
C u r b  F a c e  O p e n i n g  I c f S  = O I n  
D e s i g n  F11:tw (0:) = 5.47 c f s  
T a i  1 w a t e r  E l  e v a t  ic tn  CTw l = 1388.15 F t  

........................................................................ 
ASSUMING OUTLET C:ONTROL AND P I P E  FLOWINl; FULL CALt::ULATE THE FOLLOWING: 

F ' i p e  D i a m e t e r ,  d  = 1.25 F t  
D e f l e c t i o n  A n g l e ,  (3 = 90. 08 D e g  
I n l e t  D i a m e t e r ,  d i  = d / s i n  (3 = 1.25 F t  
V e l o c i t y ,  v = 8 / ( ~ r ( d / 1 2 : ) 2 / 4 )  = 4.46 F p s  
Ve lc t c  i t y  H e a d ,  h v  = v 2 + 2 g  = 0.31 F t  
F r i c t i o n  S l o p e ,  S f  = 4 . 6 6  +! n:! * I22 + Id*'. .IlG/3:):) = 0.(:)0717 F t / F t  
E n t r a n c e  L o s s  C ~ z ~ e f i c i e n t ,  K e  = 0 . 50 
E x i t  L c t s s  C o e f i c i e n t ,  Ko = 1 
P i p e  L o s s ,  h p  = S f  * 1 = 0 . (38  F t  
E n t r a n c e  L t r ~ s s ,  h e  = Ke * h v  = (1). 15 F t  
E:/;it  L o s s ,  h o  = b : : ~  * h v  = (11.31 F t  

-------- 
T o t a l  F r i c t i o n  L o s s ,  H = h p  + h e  + h a  = 0 .  54 F t  
H e a d w a t e r  E l e v a t i o n ,  Hwu = Tw + H = 1388.69 F t  

........................................................................ 
ASSlJMI NG INLET CONTROL, C:ALC:ULATE THE FOLLOW IN13 (RE: BUREAU OF F'UELIC: 
F:OADS, 1'3C54. 5 : 

S q u a r e  E d g e d  H e a d w a l l  
(I! 22 5.47 c f s  
y; = (I! / d " 2 . 5 = 3.1312 
Hw/d = 1.30 F t / F t  
Hwi = Hw * d + E L i  = 1390.25 F t  ........................................................................ 

CALCULATE FREEBOARD AND DEPTH OF BASIN: 
I 1 : o n t r o l l  i n g  H e a d w a t e r  C o n d i t  i o n  (Ma!/:. I : I ~  Hwc~ or Hwi 1) , 

HGJ = 1390. 25 F t  
F r e e b c ~ a r d ,  FB = G - c f + 1 2  - HW = 1.37 F t  2 0.50 F t  --------- --------- 
Minimum A l l ~ = ~ w a b l e  D r o p  I n l e t  D e p t h ,  

V y  = c f f 1 2  + 1.5 4~ h v  + d i  = 1.71 F t  
D r o p  I n l e t  D e p t h ,  V = G - E L i  = 3.00 F t  2 1.71 F t  --------- --------- 



STH STREET MAJOR TF:UNK ST0F:M SEWEF: Et:',3(5'37 
C:ONNEC:TOR F'I F'E C:ALC:S 7 /  19/91 
C: I TY OF PHOEN I X PROCEDURE FOR C:ONNECTOF: P I  PE DESI EN. BJF/C:M 
RE: Stclrm D r a i n  Design Manual, C i t y  o f  Phueni:,;, 1987, Pages 18, 31-34. ........................................................................ ........................................................................ 
PIPE RECORD NO. 7 

Locat ion:  STA 36+65 45'RT 
Pipe mater i a l  : RCP 
Mannings N-Value, n = 0.013 
Pipe diameter ( D l  = 15 I n  
P ipe Length (1:) = 45 F t  
P ipe Slupe a t  I n l e t  ( 5 5  = 0.26270 F t  /F t  
Top o f  Curb E l e v a t i o n  ( tc: )  = 1392.15 F t  
O u t l e t  I n v e r t  E l e v a t i o n  (ELo:) = 1376.81 F t  
I n l e t  I n v e r t  E l e v a t i c ~ n  (ELi:) = 1388.15 F t  
Curb Face Opening ( i f  :) = 8 I n  < 

Design Flelw (Q:) = 1.75 c f s  
Ta i lwa te r  E leva t i on  (TwS = 1388.06 F t  ...................................................... 

ASSUMING OUTLET CONTROL AND PIPE FLOWING FULL 1:ALCULATE THE FOLLOWING: 
P ipe  Diameter, d = 1.25 F t  
D e f l e c t i o n  Angle, 8 = a rc tan  ( 5 : )  = 14.72 Deg 
I n l e t  Diameter, d i  = d / cos O = 1.29 F t  
V e l o c i t y ,  v = Q / (~r(d/12:)2/45 = 1.43 Fpc, 
Velctc i t y  Head, hv = ve f2q = 0.03 F t  
F r i c t i o n  Slope, Sf = 4.66 * n2 * (22 5 (d^(16/3:)1 = 0.80(:)73 F t / F t  
Entrance LCISS C:cteficient, Ke = 0 . 50 
E x i t  Loss Cae f i c i en t ,  t<ct = 1 
Pipe Loss, hp = Sf * 1 = 0.03 F t  
Entrance Llz~ss, he = Ke * hv = (:I. (112 F t  
E x i t  LI:ISS, ho = K o  * hv = (1). (33 F t  

-------- 
Tcltal F r i c t i o n  Loss, H =: hp + he + ho = 0 .  08 F t  
Headwater E leva t ion ,  Hwo = Tw + H = 1388.14 F t  ........................................................................ 

ASSUMING INLET CONTROL, CALCULATE THE FOLLOWING (RE: BUREAU OF PUBLIC 
F:OADS, 1964. :) : 

Square Edged Headwall 
Q = 1.75 c f s  
:/; = fl! / d ''.2 . 5 = 1 (1) CI 1 8 
Hw/d = (3.60 F t / F t  
Hwi = Hw * d + E L i  = 138€3.9(:) F t  

......................................................... -------- 
CALCULATE FREEBOARD AND DEPTH OF BASIN: 

C:ontrc l l l ing Headwater Cond i t ion  (Ma:/;. of  Hwo t-lr Hwi:), 
HW = 1388.90 F t  

Freeb~z~ard, FE = t c  - c f f 1 2  - HW = 2 . 5 8 ~ t  2 6.50 F t  --------- --------- 
Minimum Allctwable Drop I n l e t  Depth, 

V '  = cf+12 + 1.5 * hv + d i  = 2.(:)1 F t  
Drop I n l e t  Depth, V = t c  - EL i  = 4.00 F t  2 2. (:)I F t  --------- --------- 



t 
9TH STREET MAJOF: TRUNK: STOEM SEWER E I::: 3 (1~3 7 
C:ONNEC:TOF: PIPE C:ALC:S 7/ 19/91 
C: I TY OF PHOENI X PR0C:EDURE FOR 1::ONNEC:TOF: PIPE DESIGN. E JF / t:::M 
RE: Storm Dra in  Design Manual, C i t y  o f  Phoenix, 1987, Pages 18, 31-34. ............................................................ ............................................................ - -- 
PIPE RECORD NO. 8 

Locat ion:  STA 36+Z1 45,kT 
Pipe mater i a l  : RCP 
Mannings N-Value, n = 0.013 
Pipe diameter CD:) = 15 I n  
P ipe Length (1:) = 45  F t  
P ipe Slope a t  I n l e t  Cs:) = 0.26830 F t  /F t  
Top o f  Curb E l e v a t i o n  (tc:) = 1 -,- ad2.38 F t  
Ou t l e t  I n v e r t  E l e v a t i c ~ n  IELct) = 1376. €30 F t  
I n l e t  I n v e r t  E l e v a t i o n  (ELiS = 1388.38 F t  
Curb Face Opening Ccf )  = 8 I n  
Design Flow ( :Q:)  = 0.96 c f s  
Ta i lwa te r  Elevatitxtn CTw) = 1387. '35 F t  ............................................................ --- 

ASSUMIN13 OUTLET CONTROL AND PIPE FLOWIN13 FULL CALC:ULATE THE FOLLOWINCi: 
P ipe Diameter, d = 1.25 F t  
De f lec t i c ln  Angle, (3 = a rc tan  CsS = 15.02 Deg 
I n l e t  Diameter, d i  = d / c a s  (3 = 1.29 F t  
Ve lac i t y ,  v = B / (~ (d /1222 /4 : )  = (1). 78 Fps 
Velctc i ty  Head, hv = vz ' "  TLQ - - C1.61 F t  
F r i c t i c t n  Slope, Sf = 4.66 * np * Q Z  + Cd"C16/3:):) = 0.(:)(:,(:)22 F t / F t  
Entrance Lctss C:oef ic ient ,  Ke = (:I . 50 
Ex i t  Loss C:cte f i c i en t , t::t=~ = 1 
P ipe Loss, hp = Sf * 1 = 0 . 0 1 F t 
Entrance Lieis, he = Ke * hv = 0. F t  
E x i t  Ltztss, ~ I Z I  = Ko  * hv = 0.01 Ft -------- 
To ta l  F r i c t i o n  Lt=tss, H = hp + he + ho = 0 . 0 2  F t  
Headwater E leva t i c~n ,  HWCI = Tw + H = 1387.97 F t  ........................................................................ 

ASSUM IN13 INLET C:ONTF:OL, C:ALCULATE THE FOLLOWING (RE: BUREr'4U OF PUBLI C 
ROADS, 1964. :) : 

Square Edged Headwall 
(5! = 0:3G c f s  
y; = 8 / d''.2.5 = (:,.54'35 
Hw/d = C1.41 F t / F t  
Hwi = Hw * d + EL i  = 1388.89 F t  ........................................................................ 

CALCULATE FREEBOARD /AND DEPTH OF BASIN: 
Ctrtntrt:tlling Headwater Ctztnditictn (Ma:/;. o f  HWIZ~ o r  Hwi:), 

HW = 1388.89 F t  
Freebitard, FB = t c  - c f i 1 2  - HW = 2 . 8 2 ~ t  2 0.50 F t  --------- --------- 
Minimum Al lowable Drctp I n l e t  Depth, 

V ?  = c f f l 2  + 1.5 * hv + d i  = 1.97 F t  
Drctp I n l e t  Depth, V = t c  - E L i  = 4.00 F t  2 1.97 F t  --------- --------- 



9 ~ k  STREET EKA#3O1^j7 
I:OI\IMEI::TOR P I  PE C:ALC:S 7/  19/91 
1::1 TY OF F'HOENI X PROCEDURE FOR lZ0NNEl::TOF: PIPE DESIGN. E{ JF/ t:::M 
RE: Stl:lrm Dra in  Design Manual, C i t y  o f  Phoenix, 1987, Pages 18, 31-34. ........................................................................ -.----------------------------------------------------------------------- 
PIPE F:EIIORD NO. 9 

Lor- a t  i ~sn : STA 3(:,+50 
Pipe m a t e r i a l  : RC:P 
Manninqs N-Value, n = 0.013 
Pipe diameter (Dl  = 15 I n  
P ipe Length (1:) = 9 F t  
P ipe Angle a t  I n l e t  (O> = '30.00 Deg 
Grate E leva t  it:m C G : )  = 1388.14 F t  
Ou t l e t  I n v e r t  E levat ic ln  CELo:) = 1378.40 F t  
I n l e t  I n v e r t  E l e v a t i o n  (ELi:) = 1385.14 F t  
Curb Face Opening Ccf:) = O I n  
Design Flow (0:) = 2.69 c f s  
Ta i lwa te r  Elevat ic tn CTw> = 1336.46 F t  

RSSUMINrj OUTLET CONTROL AND PIPE FLOWIN12 FULL C:ALC:ULATE THE FOLLOWINU: 
P ipe Diameter, d = 1.25 F t  
D e f l e c t i o n  Angle, (3 = 90. 00 Deg 
I n l e t  Diameter, d i  = d / s i n  O = 1.25 F t  
V e l o c i t y ,  v = (J! / (mCd/l2:)2/4:) = 2. 1'3 Fps 
Velclc i t y  Head, hv = v2+25! = 0.(:)7 F t  
Fr ic t i .c tn Slope, Sf = 4.66 * n:! * Q:! f Cd"C16/3:):) = (:).0(:)173 F t / F t  
Entrant: e Loss C:oef i c  i ent , t:::e = 0 . 5 (1) 
E x i t  Lc15s Coe f i c i en t ,  K o  = 1 
P ipe L1355, hp = Sf * 1 = c). 62 ~t 
Entrance L o s ~ ,  he = Ke * hv = 0.04 F t  
E:/;it Ltz155, h1r4 = t:::o * hv = 0 .  (I7 F t  

-------- 
Tlzttal F r i c t i l z ~ n  Loss, H = hp + he + h111 = (3. 13 F t  
Headwater Elevaticln, Hws = Tw + H = 1386.59 F t  

ASSUM I NG INLET C:ONTROL, CALCULATE THE FOLLOW I NG CF:E: BUFIEAU OF PUBL. I C: 
ROADS, 1'364. 1 : 

Square Edged Headwall 
0 = 2.69 c f s  
y; = IS\ / d.'"2?5 = 1.53'38 
Hw/d = 0. 78 F t  /Ft  
Hwi = Hw * d + EL i  = 1386.12 F t  

........................................................................ 
C:ALC:LJLATE FREEBOARD AND DEPTH OF BASIN: 

C :c tn t r~ r~ l l i ng  Headwater C:ondition (Max. o f  Hwc~ or Hwi:), 
HW = 1386.5'3 F t  

Freebaayd, FR = G - cf412 - HW = 1.55 F t  2 0.50 F t  
--------- --------- 

Minimum A1 lclwable Drlzlp I n l e t  Depth, 
V' = cf412 + 1.5 * hv -+ d i  = 1.36 F t  

Drclp I n l e t  Depth, V = G - EL i  = 3.c~:) F t  2 1.36 F t  --------- --------- 



3 ~ d  STREET Et::A#3047 
C:DNNEC:TOF;: P I  PE C:ALCE; 7/13/'31 
C: I  TY OF F'HOEN I X PR0C:EDURE FOR C0NMEC:TOF: P I P E  DESIGN. B J F  / t:::M 
RE: Storm D r a i n  D e s i g n  M a n u a l . ,  C i t y  o f  P h o e n i x ,  1987, P a g e s  18, 3 1 - 3 4 .  
--------.----------------------------------------------------------------- -------------------------------------------------------------------------, 

P I P E  RECORD NO. 10 
L u c  a t  i I : I ~  : STA 26+C)(:) 
P i p e  mater ial :  F:CP 
M a n n i n g s  N - V a l u e ,  n = (:I . 0 1 3 
P i p e  diameter ( D l  = 15 I n  
P i p e  L e n g t h  ( 1 1  = 16 F t  
P i p e  A n g l e  a t  I n l e t  (0:) = 90. OQ D e g  
G r a t e  E l e v a t i o n  CU> = 1386.24 F t  
O u t l e t  I n v e r t  E l e v a t  i1~1n CELa)  = 1374. -72 ~t 
I n l e t  I n v e r t  E l e v a t i u n  ( E L i )  = 1 3 8 3 . 2 4  F t  
C u r b  F a c e  O p e n i n g  ( c f )  = (1) I n 
D e s i g n  F l o w  (0:) = (11.82 c f 5  
T a i  1 w a t e r  E l  e v a t  i c ~ n  (Tw> 1 3 8 3 . 4 8  F t  

-----------------------------------------------------------------------.- 
ASSUMING OUTLET CONTROL AND P I P E  FLOWING FULL C:ALCULkTE THE FOLLOWING: 

P i p e  D i a m e t e r ,  d = 1 . 2 5  F t  
D e f l e c t  i n n  A n g l e ,  (3 = 90. 00 D e g  
I n l e t  D i a m e t e r ,  d i  = d / s i n  (3 = 1.25 F t  
V e l c ~ ~ : i t y ,  v = L! / ( ~ r ( d / 1 2 3 2 / 4 >  = 0.67 F p s  
V e l o c i t y  H e a d ,  h v  = v 2 f 2 g  = (:).01 F t  
F r i c t i o n  S11:1pe, S f  = 4.66 * n2 * 0 2  + (d"(1€/3 : ) :1  = 0.(:1C101€, F t / F t  
E n t r a n c e  L o s s  C o e f i c i e n t ,  Ke = (:) . 50 
E x i t  L c ~ s s  C o e f i c i e n t ,  Ko = 1 
P i p e  L o s s ,  h p  = S f  * 1 = (:I . !:I (:I F t 
E n t r a n c e  LI=ISS, h e  = Ke * h v  = 0.00 F t  
E x i t  L o s s ,  h u  = t::c~ * h v  = 0.01 F t  

T o t a l  F r i c t i c ~ n  Lc lc s ,  H = h p  + h e  + h o  = 0.01 F t  
H e a d w a t e r  E l e v a t i o n ,  Hwl> = Tw + H = 1383.4'3 F t  ........................................................................ 

ASSUMIN13 INLET C:ONTROL, CALCULATE THE FOLLOWING' (RE: BUREAU OF PUBLIC 
ROADS, 1 9 6 4 .  :) : 

S q u a r e  E d g e d  H e a d w a l l  
0 =: 0.82 c f s  
y; = / d ^ 2 . 5  = Om4G*34  
Hw/d = 0.37 F t / F t  
Hwi = Hw * d + E L i  = 1383; 70 F t  

--------------------------------------------------------------------------- 
CRLCULATE FREEElOARD AND DEPTH OF BASIN: 

C o n t r o l  1 i n g  H e a d w a t e r  C c ~ n d i t i o n  (Max. c ~ f  Hwo ctr Hwi I ,  

HW, = 1383.70 F t  
F r e e b o a r d ,  FB  = I2 - c f f l 2  - HW = 2 . 5 4 F t  2 

--------- --------- 
Minimum A l l c l w a b l e  Drctp I n l e t  D e p t h ,  

V '  = c f + 1 2  + 1.5 * h v  + d i  = 1. 215 F t  
Drclp I n l e t  D e p t h ,  V = G - E L i  = 3 . 0 0 F t  2 --------- --------- 



3 ~ 4  STREET Et::A#3O137 
C0NNEII:TOF: P I P E  CALCS 7/113/ '31 
11: I TY OF F'HOEN I X PE0C:EDURE FOF: C:ONNEC:TOR P I  PE DES I GN . E JF/ t:::M 
F:E: Storm D r a i n  D e s i g n  M a n u a l ,  C i t y  u f  Phoen i : / ; ,  1987, P a g e s  18, 3 1 - 2 4 .  ......................................................................... ......................................................................... 
P I P E  RECORD NO. 11 

Lcttz a t  i o n  : STA 2 1 + 4 0  
P i p e  mater i a l  : F:CP 
M a n n i n g s  N - V a l u e ,  n = 0.013 
P i p e  d i a m e t e r  (:D) = 15 I n  
P i p e  L e n g t h  ( 1 )  = 9 F t  
P i p e  A n g l e  a t  I n l e t  CC)) = 90.00 Deg  
G r a t e  E l e v a t i o n  (12) = 1 3 8 4 . 6 2  F t  
O u t l e t  I n v e r t  E l e v a t i t z t n  (ELo:) = 1373.27 F t  
I n l e t  I n v e r t  E l e v a t i c t n  (ELi : )  = 1381.62 F t  
C u r b  F a c e  O p e n i n g  ( c f : )  = 0 I n  
D e s i g n  F l o w  ( Q )  = 4.76 c f c ,  
T a i l w a t e r  E l e v a t  it-ln (Tw:) = 1382.75 F t  

........................................................................ 
ASSUMING OUTLET CONTROL AND P I P E  FLOWING FULL CALCULATE THE FOLLOWING: 

P i p e  D i a m e t e r ,  d = 1.25 F t  
D e f l e c t  i o n  A n g l e ,  (3 = 90. 00 Deg  
I n l e t  D i a m e t e r ,  d i  = d / s i n  O = 1.25 F t  
V e l o c i t y ,  v = 0 / ( : n C d / i 2 : ) 2 / 4 )  = 3.88 F p s  
Veil-~c i t y  H e a d ,  h v  = v2 f 2 y  = (:I. 23 ~t 
F r i c t i o n  S l o p e ,  S f  = 4.66 * n2 * (22 f (d"( i65/3 : ) ]  = ( :) .00543 F t / F t  
E n t r a n c e  Lctsr, C o e f  i c i e n t ,  C:e = 8. 50 
E x i t  Lc t s5  Ctztef i c i e n t ,  = 1 
P i p e  Lt=tss, h p  = S f  * 1 = 0. 05 F t  
E n t r a n c e  LI=ISS, h e  = K e  * h v  = C). 12 F t  
E x i t  L I ~ I S ~ , ,  ~ I Z I  = * h v  = (:I. 23 ~t 

-------- 
T o t  a1 Fr i l z  t i 1 x - i  L I ~ ~ s s ,  H = h p  + h e  + h o  = 0 . 4 (3 F t 
H e a d w a t e r  E l e v a t  itm, Hwo = Tw + H = 1383.15 F t  ........................................................................ 

ASSUMIN13 INLET C:ONTF.:OL, CALCULATE THE FOLLOWING (RE: BUFfEAU OF PUBLIC 
ROADS, 1'364.5 : 

Sqc ta r  e E d g e d  H e a d w a l l  
L! = 4 . 7 6  c f s  
y; = / d ^ 2 .  5 = 2.7248 
Hw/d = 1.15 F t / F t  
Hwi = Hw * d + E L i  = 1383.065 F t  ' ........................................................................ 

C:ALC:ULATE FF:EEBOAEP AND DEPTH OF BAS I N :  
C o n t r  121 1 i n q  H e a d w a t e r  C:ond i t  il-ln (Max.  o f  Hws s r  Hwi S , 

HW = 1383.15 F t  
F r e e b o a r d ,  FB = G - c f f 1 2  - HW = 1.47 F t  2 0.5(:) F t  L, --------- --------- / 

Minimum A l l c l w a b l e  Drctp I n l e t  D e p t h ,  
V '  = c f + 1 2  + 1.5 h v  + d i  = 1.60 F t  

D r u p  I n l e t  D e p t h ,  V = U - E L i  = 3.00 F t  2 1.60 E t  --------- --------- 



9 ~ k  STREET El.::Afl 3637 
C:ONNEC:TOE P I  PE  C:ALr:S 7/ 19/91 
C: I TY OF F'HOENI X F'F:OC:EDUEE FOR C:ONNEC:TOR F I PE DES I EN. E JF/ P::M 
RE: Storm D r a i n  D e s i g n  M a n u a l ,  C i t y  o f  P h o e n i : ~ ; ,  1987, P a g e r ,  18, 31-34. ........................................................................ ------.------------------------------------------------------------------- 
P I P E  F:EII:ORD NO. 12 

Lclc a t  i~ :~n : STA 12+6O 
P i p e  mater ia l :  RC:p 
M a n n i n q s  N - V a l u e ,  n = (1) . 0 1 3 
P i p e  d i a m e t e r  CD) = 15 I n  
P i p e  L e n g t h  (1:) = 13 F t  
P i p e  A n g l e  a t  I n l e t  CO) = 90.00 Deg  
G r a t e  E l e v a t i o n  CGS = 1382.75 F t  
O u t l e t  I n v e r t  E l e v a t  i u n  (€Lo:) = 1370.45 F t  
I n l e t  I n v e r t  E l e v a t i ~ z ~ n  ( E L i : )  = 1379.75 F t  
C u r b  Face O p e n i n g  C c f )  = O I n  
D e s i g n  F l ~ w  (0:) = 3. I(:) c f s  
T a i l w a t e r  E l e v a t i o n  (Tw3 = 1381.83 F t  

----.------------------------------------------------------------------------ 

ASSUMING OUTLET C:ONTROL Ahln P I P E  FLOWING FULL CALC:ULATE THE FOLLOWING: 
F ' i p e  D i a m e t e r ,  d = 1.25 F t  
D e f l e c t i o n  A n g l e ,  8 = 9 C ) .  00 Deg 
I n l e t  D i a m e t e r ,  d i  = d / s i n  (3 = 1.25 F t  
V e l c l c i t y ,  v = 8 / (nCd/125"4:)  = 2-53 F P ~  
V e l o l z i t y  H e a d ,  h v  = v 2 f 2 ~  - = 0.10 Ft 
F r i c t i a n  S l o p e ,  S f  = 4 . 6 6  * nr * Q2 + (d ' " ( lG/3: )  = (:).0(:)23(:) F t / F t  
E n t r a n c e  Loss C:itef i c  i e n t ,  K e  = 0 . 56 
E:I; i t  L I : I ~ ~  C o e f  i c i e n t  , = 1 
P i p e  L o s s ,  h p  = S f  * 1 = 0. 03 F t  
E n t r a n c e  L c ~ s s ,  h e  = K e  * h v  = 0 .  05 F t  
E x i t  Lctsc,, h o  = ~:I:I * tlv = . 1 (1) F t 

-------- 
T o t a l  F r  i c t  it:m L u s s ,  H = h p  + h e  +. hi:~ = 0. 18 F t  
H e a d w a t e r  E l e v a t i o n ,  Hwc~ = Tw a H = 1382.01 F t  

........................................................................ 
A S S U M  I NG INLET C:ONTF:OL, CALCULATE THE FOLLOW I NG CRE: BUF:EAU OF PURL I C 
ROADS, 1364. .  :) : 

S q u a r e  E d g e d  H e a d w a l l  
G! = 0 a. 10 c f s  
:,; = 0 / d.*' d . 5 =  1.7745 
Hw/d =: 0 .  €36 F t  / F t  
H w j  = Hw * d + ELI. = 138(:). 82 F t  

........................................................................ 
C:ALC:ULATE FF:EEBOARD AND DEPTH OF BASIN: 

C i m t r i l l  1 i n g  H e a d w a t e r  C o n d i  t i1-m (Ma:.;. o f  Hwc~ itr Hwi , 
HW = 1382.01 F t  

F r e e b c t a r d ,  F B  = G - c f + 1 2  - HW = 0 . 7 4 F t  2 (:).58 F t  --------- --------- 
Minimum A l l c ~ w a b l e  Drl:~p I n l e t  D e p t h ,  

V'  = c f + 1 2  + 1.5 * h v  + d i  = 1.40 F t  
Drclp I n l e t  D e p t h ,  V = G - E L i  = 3.00 F t  2 1.40 F t  --------- --------- 



9-r1.i STRE:E:J '  MFIJ'IJR TRUNt! STORM SEWER E K 3 0 3 7  
1Yfi 1 l\l L I NL PI F'E: CFSLCULRTI UIVS 7/19/31 
L..O~DlNG UN R I G I D  CCfrJCRETE FaIPES.  EJF/KM 
RE: Cor ro r - eke  F Z 8 i  pe Handbosl lc ,  ~ C P F I ,  1388, C h a p t e r  4. 
-.------------ ".------------"-----"---------------.--------------.------------------- --,-" -.-------.-,-, -------------.---------.------------------.---------------------------- 

INPUT DRTR: 
PIPIE RECURD NO. 1 
L c l c a t  i a n  : STR 1 3 + 5 0  
P i p e  r f~a t e r i a l :  r c p  
I r ~ t e r n a l  P i p e  d i a r n e t e r  ( D l :  '36 I n  
Wall t h i c k n e s s :  '3.5 Irr 
O u t s i d e  D i a m e t e r  ( d )  : '3.58 F t  
H e i g h t  of C o v e r  (HI : '3 F t  
C o e f f i c i e n t  of F r i c t i o r r  (u) : 0. G 
I< L\ : 0 .1 ' 324  
I< : 0.32 
Set t. 1 ernerrt R a t  i o ( i - s d  ) : 0.7 
PI.- .oj  ec  t i 01-1 R a t  i cl I p )  =: 1 
Soi l d e n s i t y  ( w )  : 140 F1cf 
T r e r t c h  B e d d i n g  Fac t c t r -  ( B f  > : 1. '3 
L o a d  F a c t  or P a r a m e t  ers : N: 0. 7337 

x E 0. €35 
S a f e t y  Fac tor  ( S F ) :  1 

........................................................................ 
L I V E  LORD UN EFFECTI ' JE FaLQNE FiT TOP' 01- P I P E  ( L L )  (Fag. 4-38 - 4-43) : 

Cr-i t i c a l  HS-20 l o a d i n g  cunf i g u r a t  iorr. 
P  = F ' c ~ i r r t  l o a d  = 46, 000 L b s  
IF' =. Irnpact factoi- = 1 
L  = L e n g t h  of p l a r ~ e  = 20.58 F t  
W = W i d t h  of p l a n e  = 21.42 F t  
P a v g  =: R v c i - a g e  p i % e ~ 8 ~ ~ ~  a c t  i n g  c l r~  p l a r r e  

= P s I F , / W / L =  10'3 Prsf 
s = E f f e c t i v e  w i d t h  = 9.58 F t  
L J t  = Qct .  i v e  w e i  g h l  clrl p i p e  = Faavg  * L * s = 21,49(:) L b s  
Le - E f f e c t i v e  s u p p c ~ r t  i r ~ g  l e n g t h  clf p i p e  

= L  -I- 1.75 *. I . 7 5  * d )  = 33. 15 F t  
LL = W t  / L e  = 648 L b s / L f  

---------------------------------------------------------------------------- 
1. TREPllCH t)UNPITIONS: 

DERD LoFm ( D L  .I ( PQ. 4 - 4  : 
Ivlirnirnurii T r - e r ~ c h  W i d t h  = 11.58 F t  
Ccrr11pute t h e  t r - a r . r % i t i o r s  w i d t h  f o r -  t r - e r r ch  l o a d i r r g  - p c l s i t i v e  
p r o . j e c t . i n g  l o a d i n g  c t s i r rg  F i g .  4. 11, p a g e  4-17, 

r a d  *. p  = Set. t l erner~t * Projec t  i cln r a t  i o = 0.7 
H / d  = H e i g h t  of c o v e r  / d i a r t ~ e t e r  = 0.94 
C c  = L o a d  c u e f  i c i eiPrt, p o s i t  i v e  pr .0 . j  ect i C I ~ I  = 1.48 
T r y  T r a n s i t i u r r  W i d t h  ( t w )  = 16.71 F t  

.j = Z*k~\v* .H, / tw = O. 21 
err = ( 1 - e x p  (-j) ) *,tw"'E/ CzYk~1)  -Cc*.d"'2 = -0. 00 

D e s i g r r  W i d t h  (b) = 16. 71 F t  
Cd = ( 1 - e x p ( - 2 * k u v * H / b )  / ( 2 * k ~ 1 '  = 0.4'3 
DL = Cd *. w *. b.''Z = 1'3, oel L b s / L f  
TCITRL LOQD ( T L )  : 

TL  =: LL + DL = 39,6159 L b s / L f  
MXIVIMUIVI RECJUIFIEP F'IF'E STRENGTl-1 (4-67 - 4-68) : 

S a f e t y  F a c t o r  ( S F )  = 1 
E e d d i , ~ ~ q  F y a c t o r  (Dl-) -; 1. '3 
D-LUfiaI:) z: TL / EF .E. j ( D , / l z )  z. 1, SClCi L b ~ / L f / D i a .  F t .  

---- ---- -....-..-._._--.-_--- ------.-.- ----- ---. ------ ---- _ _ _ _ _ _  I--- - -------- ------ 



. > e 
E:. P O S I T I V E  FROJECTSDI'J CONDITIOr\lS 14-12, 4-17>: 

DERD LORD (DL)  : 
I+/d = 0.94 
Cc = L u a d  c o e f  i c i e n t ,  p u s  i i; i v e  p r u j  ect i ctrr = 1.48  
DL =. CC c. w *. d."'L5 = 1'3,021 L h s / L f  
T O T ~ L  t o n u  ( T L )  : 
TL = LL i- DL = 13,663 L b s / L f  
MINIMUM REDUIRED P I P E  STRENGTH (4-G7 - 4-450) 
S a f e t y  F a c t c l r  (SF) = 1 
L c ~ a d  F a c t c ~ r  (LF)  : ( p g  4-63 - 4-64) 

L F  = 1 . 4 S l / ( N - x q )  
Where: N = 0.707 

x = 0 .  638 
q = pK/Cc(H/d+p/Z!) = C). 31 

LF = p, a ~ j  
D-Load = TL / LF*. S F  / ( D / 1 2 )  = '300 L b s / L f  / D i  a. F t .  

-,----------------.------------,------------------------------------------- 

Fur d e s i g j 7  u s e  t h e  g r - e a t e r  of D-Loadz.  fc t r  t r e n c h  a r i d  p o s i t i v e  
prno.j ect i rig rclrid i t i 0r15, 

1 , 3 C ) C )  L b s / L f / D i a .  F t .  --------- -----.---- 



9'1'1-1 STREET MRJDF! TRUNI.! STORM SEWER EK3033 
MF> I I'J L I NE P I  FIE CnLCULfJ7-I ONS 7 / 1 3 / 3 1  
LCJRDING ON R I G I D  CONCRETE FIIFX.S. EJF/KM 
RE: C u r r c l - e t e  P i  p e  I-larrdbccok, RCF1n, 1388, C h a p t e r  4. 
-..-----------------.---------------------------.--------------------------- " .-.---- -- .--- ----.._-..--..-------.--.------.-"- --.--- ---------------------.---------- ----- 
INFIUT DnTQ: 

P I P E  RECORD NO. 2 
L c ~ c a t  i CWI : STQ la+-50 
P i p e  m a l e i - i a l :  , r e p  
Interrral P i p e  d i a m e t e r  ( D ) :  96 In  
Wall t h i c k r r e s s :  9.5 Irr 
O u t s i d e  D i a r r ~ e t e r  ( d l  : 9.56 F t  
H e i g h t  of C o v e r  (H)  : 9 F t  
C c ~ e f f i c i e r ~ t  of F r i c t i c l r ~  (u) : C)" 6 
Ku: 0. 1324 
K : 0. 32 
Set t 1 ernerrt. R a t  i ca ( r s d  : 0. 7 
P r a j e c t  i a n  R a t  i CI ( p )  = 1 
Soil  c l e r r s i t y  ( w ) :  140 Fac5  
T r e n c h  E e d d  i r ~ g  F a c t c a r  ( E f  : 1.9 
Lclad F a c t  ar F a a r a m e t  ers : N : 0. 707 

x : 0. csa 
S a f e t y  F a c t o r  ( S F )  : 1 

........................................................................ 
L.1 VE LORD ON EFFECTIVE FILRNE RT TOP OF P I P E  ( L L )  IF1g. 4-38 - 4 - 4 3 >  : 

C r i t i c a l  HS-20 l u a d i r r g  c o r r f i g u r a t  iorr. 
P = F1ctirrt l o a d  =: 4 6 , 0 0 0  L b s  
I F  =: I r n p a c t  f a c t c a r  = 1 
L = L e n g t h  of p l a n e  = 20.58 F t  
W = W i d t h  of p l a r r e  = 2 1 - 4 2  F t 
F a v ~  =: t - l v e r a g r  p r e s s u r e  act i r r g  cart p l a n e  

~ ; . ' F I  *. I F  ,/ W ,/ L = 103 F a s f  
5 = E f f e c t i v e  w i d t . h  = 3.58 F t  
LIZ, = R c t i v e  w e i g h t  c~rr  p i p e  = F1avg * L * E, =: 2 1 , 4 3 0  L b s  
L e  = E f f e c t i v e  s u p p o r - t i n g  l e r r g t h  of p i p e  

= L +- 1.75 *. (.75 * d J  = --. 3.3. 16 F t  
LL = W t  / L e  = 6 4 8  L b s / L f  

-.----------------------------------------------------------------------- 

1. TRENCH CONDITIONS: 
DERD LORD (DL)  ( Fg .  4-4.) :  
Mirnirnum T r e r r c h  W i d t h  = 11.58 F t  
C o m p u t e  t h e  t r a n s i t i o n  w i d t h  f c l r  t r e n c h  l o a d i r ~ q  = p u s i t i v e  
p r o j e c t i r r g  l o a d i n g  u s i r r g  F i g .  4 .  11, p a g e  4-17 ,  

r s d  *. p = Set t 1 er r len t  a. Project i orr r a t  i CI = 0.7 
H/d  = H e i g h t  ctf c c l v e r  / diameter = 0. '34 
C c  = L o a d  coef icierrt, p o s i t i v e  p r c ~ j e c t  i o n  =. 1.48 
T r y  T r a r ~ s i t i o r ~  W i d t h  ( t w )  = 16.71 F t  

.j = E'*ku9 *H/ tw = 0. 21 
err = f 1 -enp (-j ) *t wa"2/  (2*ku  -Cc*d.*%Z = 0. 00 

D e s i g n  W i d t h  ( b )  = 16.71 Ft  
Cd = ( 1 - e x p  ( -2*kuV *H/b)  ) / ( i ? * k ~ ~ '  ) = 0. 49 
DL = Cd *. w * be"2 = 19,021 L b s / L f  
TOTRL LORD ( T L )  : 

TL = LL + DL = 13,663 L b s / L f  
M I N I  MUM REQUIRED FaIF'E STRENGTIi 1 4 - 6 7  - 4-G8)  : 

S a f e t y  F a c t o r  (SF) = 1 
E e d d i 1 . 1 ~  Fac to r  (EF) = 1.9 
D-LOQD Z: TL / PF * S F  / {D, ' lZ)  = 1, 300 L b s / L f / D i a .  Ft.. 

-----.---------'-.- -.--.-.. --------- -------- --.--- -------------,--------- "---- ---.-------- 



2. P U S I T I V E  PROJECTION CONDITIOf\lS ( 4 - 1 2 ,  4 - 1 7 )  : 
DERD LORD (DL)  : 
H/d  = 0 . 9 4  
C c  = L a a d  coef icierrt , p o s i t  i v e  p r o . j e c t  i c ~ r i  = 1 . 4 8  
DL = C c  * w w. d."2 = 19, oi?l L b s / L f  
1-OTQL LORD ( T L )  : 
TL - LL + DL = 19,669 L b s / L f  
MINIMUIg REQUIRED F'IF'E STRENGTH (4-137 - 4 - 6 8 )  
S a f e t y  Fac to r  (SF) = 1 
L o a d  F a c t o r  ( L F )  : ( p g  4-63 - 4 - 6 4 )  

L F  = 1 . 4 3 1 / ( N - x q )  
W h e r e :  N = C). 707 

x =  0.638 
q  = p K / C c ( H / d + p / 2 )  = 0. 31 

L F  = 2.82 
D-Load = TL / LF* S F  / r D / l 2 )  = 900 L b s / L f  / D i  a. F t .  

--------.---------.------------------------------------------------------- 

For. d e s i  grr ~15.13 t h e  g r e a t e i -  af D - L o a d s  f u r  t r e r r c h  arrd ~ ~ ~ s i t  ~ V E  

p r o j e c t  i rrg c u r ~ c l  i t i oris, 

1, 300 L b s / L f / D i a .  F t .  --------- --------- 



'3TH STREET IIAJOF: TRUNt:: STORM SEWER EK3097 
MA IN  LINE P I  PE C:ALC:ULAT IONS 7/22/91 
LOPLVING ON RIGID CONCRETE PIPES. H J F  / t:::M 
RE: C:clnl:r eke P ipe Handbo~z~l::, &:PA, 1988, Izhapter 4. 
-----------------------------------------------------------,-------------- --------------------.----------------------------------------------------- 
INPUT DATA: 

PIPE RECORD NO. .l i, 

Lclcat ion:  STA 23+45 
Pipe m a t e r i a l  : r e p  
I n t e r n a l  P ipe diameter ID>: 96 I n  
Wall th ickness:  9.5 I n  
Outs ide Diameter Cd4: '3.58 F t  
Height  o f  [:over (HI: 10 F t  
C o e f f i c i e n t  o f  F r i c t i o n  ILI:) : 0. 6 
Ku : 0. 1924 
1::: : 0.32 
Sett lement R a t i o  I rsd:) :  0. 7 
Pru.jectictn F:atio I p )  = 1  
Sctil d e n s i t y  Cw3: 140 Pcf  
Trench Bedding Fact~ztu (BfS: 1.9 
Load Factor  Parameters: N: 0.707 

x : 0.638 
Safe ty  Facttztr (SF:) : 1  _- --_______1__---------------------------------------------------------- 

LIVE LOAD ON EFFECTIVE PLANE AT TOP OF PIPE ILL)CPg. 4-38 - 4-43>: 
C r i t i c a l  HS-20 I c ~ a d i n g  cc tn f igurat ion.  
P  = Po in t  11:1ad = 48, 0(:)i) ~ b s  
I F  = Impact f a c t c ~ r  = 1  
L = Length o f  p lane = 22.33 ~ . t ;  
W = Width o f  p lane = 23.17 F t  
Pavg = Average pressure a c t i n g  an p lane  

= P * I F / W / L =  r -  52, Psf 
s  = E f f e c t i v e  w id th  = 9.58 F t  
W t  = A c t i v e  weight on p i p e  = PavQ * L  * s  = 19,895 Lbs 
Le -- E f f e c t i v e  suppclr t ing l e n g t h  of p i p e  

= L  + 1.75 * I .75 * d:) = 34.91 F t  
LL = W t  / Le = 570 Lbs/Lf  ........................................................................ 

1. TRENCH CONDITIONS: 
DEAD LOAD CDL) C Pg. 4-41) : 
Mimimum Trench Width = 11.58 F t  
Comp~lte t h e  t r a n s i t i o n  w id th  fctr t r ench  l oad ing  = p o s i t i v e  
p ro . jec t ing  lclading us ing  F ig .  4.11, page 4-17, 

r s d  * p  = Sett lement * F'ro. ject iun r a t i o  = 0.7 
H/d = Height  c ~ f  cctver / diameter = 1.04 
CC = Load cc {e f i c i en t ,  p o s i t i v e  p r o j e c t i o n  = 1.64 
T ry  T r a n s i t i o n  Width I t w )  = 16.88 F t  

j = Z+ku'*H/tw = O. 23 
e r r  = ( l -expC-.j:):)*tw.*Z/(2+ku]-Cc*d^2 = -0. 00 

Design Width ( b )  = 16.88 F t  
C:d = C1-expI-2*ku'*H/b:):)/C2*l::~lf :) = (:I. 53 
DL = Cd * w * b"2 = 21,134 Lbs/Lf  
TOTAL LOAD CTL:) : 

TL = LL +. DL = 
MINIMUM REBUIRED PIPE STRENGTH (4-67 - 4-68): 

Sa fe ty  Factcur (SF) = 1 - 
Bedding Factor  (EFT = i 1.9 
D-LOAD = TL / EF * SF / ID/12) = 1,450 Lbs/L f /D ia .Ft .  ........................................................................ 



2. POSIT IVE  F'F:OJEI-:TION CONDITIONS (4-12, 4-17) : 
DEAD LOAD CDL) : 
p / d  = 
C:c = L o a d  c u e f  i c  i e n t ,  p c l s i t i v e  p rc t . j ec t  iun = 
DL = C:c * w + d.''.2 = 
TOTAL LOAD' (TL:) : 
TL = LL + DL = 21 ,704  L b s / L f  
MINIMUM RERUIRED P I P E  STRENGTH (4-67 - 4-68:) 
S a f e t y  F a c t o r  (SF)  = 1 
L o a d  F a c t o r  CLF:): ( p g  4-63 - 4-64> 

LF = 1 .431  / (N-xq S 
Where: N  = 0. 707 

Y = 0.638 
q  = pE/Cc (H/d+p/2:) = 0. 3 C )  

L F  = 2.78 
D-Load = T L  / LF* SF / (D/121 = 1,000 L b s / L f / D i a . F t .  ........................................................................ 

For d e s i g n  u s e  the  g r e a t e r  o f  D-Loads fo r  t r e n c h  a n d  p o s i t i v e  
p r o e j e c t  i n g  c o n d i t i o n s ,  



03 -1- 1-1 5 1' FI: E: E:: - 1  M 4 J' C) F: T F;: LJ N I :.: 5:; 7' (:) F:: M EI: GJ E: F;:r Et:::3(:)'37 
PlR 1 N L I NE F' I F'E C:AL.IZ:UL.AT I ONS 7/22/C~1 
L.UAIS I hlEi C!N F::. I G I D C:ONlf:Fs?E:TE P I  F'ES. BJF/ K M  
RE: l;~:lr-~~zrete F ' i p ~ ?  Handb~:tt:tC::, AIL:F'A, 1'388? C:haptel- 4. 
--,--.-.,--.,-..----" ~-.-.----.-.~-.--.-.---------..-..---.------.-.~-.-,-----.-.-.--.----.-----.--,-- -----------.-----.----. -.,-..-,..-- -..-..-.--.--.---..--.---.-.--.-.-" .-..--.---------.-----..-..--.-- --- -..-..----..------.-.--.----.- -----.---.-.---.-----.- 

I /\IF-'LJT DATA t 
F:,IPE F:EC':C1F:D IN!. 4 
1.. I::I c a t i I:I n  : C:L ST4 28+45.71, 33.29' RT 
Pipe mater i a l  : r c ~  
In terna l .  P ipe  diameter (:D:): € (1) I n 
Wall th i ckness :  E.. 5 I n  
Outs ide Diameter ( :dl :  6. (:)@ F t  
Height  o f  C:over ( H I :  11.5 F t  
11:t:leffil:ient o f  F r i c t i ~ : ~ n  ( L I ~  : 0 . 6 
bh.1 : 0, 1'324 
I::: : (1). 32 
Set t lement R a t i o  ( r s d l :  (1) . 7 
F'r o,j ec t i <:In Ea.t i o (: p  1) = 1  
S~:lil d e n s i t y  (w: ) :  140 Pcf  
Tr  en^: h Bedd i ng Fa!: t or  (B f  : 1 . 9 
Load Fact  or Parameters: N: i:]. 707 

x : 0 .  638 
Sa fe ty  Factor  (SF): 1  .......................................................................... 

L I VE LOGD ON EFFEC:T'II/E PL.ANE AT TOP UF P I  F'E (LL :) CPg . 4-38 - 4-43:) : 
1::vitica.l HS-2O ictading ~ : ~ a n f i g u r a t i a n .  
F' =: F'oint l c ~ a d  = 48, (:i(:ii:) Lbs 
I F  = Impalrt fa~:t~:~r = 1  
L  = Length o f  p lane  = 24 95 ~t 
W = Width 111f p lane  = . 25. 7'3 F t  
F'avg =. Average pressi.rre a c t i n g  cln p lane  

= P * I F / W / L =  75 F'sf 
s E f f e c t i v e  w id th  = 6.08 F t  
Wt = f i c t i v e  weight on p i p e  = Pavq * L * s  = 11,379 Lbs 
L.e = E f  feet i v e  supp~:trt i n g  l e n g t h  o f  p i p e  - 1.. + 1,.75 .& r.75 + d:)  = 32. '34 ~t 
!-1.. = W t  /' L..e = 345 1- t?~/L f  

---------*----------------------------------------------------------------- 

I .  TRENCH C:C)NL3 I T I ONS: 
DEAD LoQD (:Ill,-:) (: F'g . 4-4:) : 
M i m i r n i . \ m  Trench Wj.dth = 8.08 F t  
11:t:trnp~lte t h e  t r a n c i t i c t n  w id th  f~:~r t r ench  l oad ing  = p c l s i t i v e  
prl::l.ject i n g  1c:lading u s i n g  F ig .  4. 11, page 4-17? 

r s d  * p = S~t i ; lement * P r ~ r ~ . j e c t i ~ > n  r a t i o  = (1) . 7 
H/cl = Height  o f  cover / dj.ameter = 1  . 69 
<I: = L I : I ~ ~  I: ~:~ef i i: i en+; , pus i t i ve pr~:~.je~:t i o n  = 2 - 9 8  
Try  T r a n s i t i c ~ n  Width ( t w : )  = 11.54 F t  

.j = Z*l.::~ry*td/tw = 0. 38 
e r r  = (:1-e:/;n(-,j:):)~.tw."'~2/(~+C::~!:)-C:c+d."2 = 0.  (:)a 

Design Width Cb:] = 11.54 F t  
C:d = t:1-exp(--2wC::l.!,+!-l.-l/b:) :)/(2*C::ur 1) = [:I . 8 3 
DL = 11:d w * bA2 = 15,428 Lbs/L f  
TI?^I"AL LC:)F\I:) (TL:) : 

TL = L.L + DL = 15,773 Lbs/Lf  
MINIMUM REULJI WED PIPE STF:EN13TH C 4-67 - 4-68:) : 

Sa fe t y  Factctr (:SF:) = 1  
Bedding Fa~:tl:tr (BF) = 1  . 9 
D-,LOAD = TL / BF * SF / (:D/12:) = 1,700 Lbs/L f /D ia .Ft .  

------*--------------------------------------------------------------------- 



mc - 4 
2. PCIS I T I VE F'F:OJEC:T ION 1::DND I T I ONS (: 4- 12? 4- 17 :) : 

DEAI? LCIAD (:DL :) : 
H / d  =: 1 . 89 
I Z I ~  = L.oad c l - l e f i c i e n t ,  p c ~ s i t i v e  pr~:~.je;:t;i.~:~n -: 2 .  ' 3 ~  
DL.. -:: I::C +. C I . . " . : ~  =-: 15, 428 ~ b s / ' i . .  f 
TOTAL.. L-OAD i: TI :) : 
TL. = LL.. -t LiL = 15,773 L b s / L f  
M I N  I HUM F1EQU I RED P I PE STRENIZTH ( 4 - 6 7  - 4-68 :) 

S a f e t y  F a c t ~ : ~ r  (SF:) = 1 
Lclad Irac t or (:LF 1) : Cpg 4 - 6 3  - 4-64:] 

LF = 1.431/'i:N-,xq:) 
Wtlcr e: N = 0 . 7 C) 7 

y: = (3 . E.38 
q = pt.:::/C:c(:M/d+p/2:) = 0.26 

L r  = 2 - 6 4  
D-Lc l~ td  =: T L  / LF* SF / CD/12)  = 1,200 L b s / L f / D i a . F t .  ......................................................................... 

For d e r ~ i q n  i.lt5e t h e  g r e a t e r  o f  D-.Loads fc l r  t r e n c h  a n d  p c ~ s i t i v e  
p rc~ . je l : t  ing c o n d i t  i c ~ n s ,  



'3T't-I ST'KEET' IIAJCIF: l'F.:LJNI,::' ST'OF?M SEWEF: E I:: 3 i'j '3 7 
MR I h! L. I NE F' S PE Ir:AI..C:UI..-AT I QNS 7/22/51 
LtlAT) 1 N I ~  ON F;:I 13 I D  .I::ONI::FI:F:TE [-'I F'ES. E J F ,/ 1::: M 
RE:: I;~:mcrete P i p e  Haridbl:t~:tl::, AC:F'A, 1988. Chapter 4. 
-"-".--" --.--.-.___.--..-* - - - , ~ - - . - . . - - - - . . . . - . - - - - - - . - - - - - -  ----.-.--- __..". . ."I.__. . ._. ._---_. .  - .-.-... _...____.--_ -.--..-I.------ ---- -.-I" -.-._.___..-I.._ .-_-. " _-...-. _ ...-_..-.._...-_-.-.----..---.. 

1NF:'l.I-r I:jhTi3: 
PIPEL REC:['JF:D NU. 5 
LI:II: a t  i I:I~ : STA 31-1-00 
P i p e  m a t e r i a l  : r c p  
I n t e r n a l  P i p e  d i a m e t ~ r  ID) :  108 I n  
Wal. l t h i c  kness: 9.5 I n  
Ou ts ide  Diameter (:dl r 10.58 F t  
He igh t  ~zlf C:ctver (1-1:):  7.5 F t  
C o e f f i c i e n t  o f  F r i c t i o n  (:u:) : 0 . G 
t:::l.~ : 0 .  1'324 
1::: : (1). 3.2 
Set t 1 ernen t F:at i 111 (: r sd :) : 0 . 7 
F'rl:t.,jet:t i o n  R a t i ~ : ~  (p:) = 1 
S o i l  d e n s i t y  (w!: 140 F'cf 
Trench Bedding Fac to r  (E f : ) :  1 . 9 
Luacl F'ac t or  Par amet e r  s: N: 0. 707 

!I; : 0 .  638 
S a f e t v  Fa~:tor !:SF:): 1 

--------------_------------.--------------------------------------------- 
LIVE LOAD ON EFFECTIVE PLANE AT T'OP OF F'IF'E 

C:r i -1; i I: a l  HS-20 1 1:t:lad i nu I: lr~ri f i gur a t  i cln . 
P =: P o i n t  l c ~ a d  = 
I F  = Impact fact1:tr = 
L = Leng th  o f  p l a n e  = 
14 = Width ~:tf p l a n e  = 
F'avcj =r Aver age pres.ii.~r e a c t  i rig on p l  ane 

z F ' *  I F / L J / L z  
s = E f f e c t i v e  w i d t h  = 
W'!: =: A ~ z t i v e  weiaht  13r7 p i p e  = F'avg * 1- * s 
1-e =-: E f f e c t i v e  s u p p o r t i n g  l e n g t h  ctf p i p e  .. 1- 1.. 1 .75  * ('75 *. d:) = 
1.. 1." =: \.!t /' !-. e = 

48, 00(:) Lbs 
1 

17.95 F t  
18. 7'3 F t  

14'1: P s f  
10.58 F t  

2€,'375 Lbs 

1 . TRENCH II:Ol'.iD I: T I CINS : 
DEAD I-UAD !'DL. :) (: Pg . 4-4 :) : 
M i m i m ~ . m i  T'rent~h Wicith =: 12.58 F t  
1:ll:lrnpute t h e  t r a n s i t i o n  w i d t h  fclr t r e n c h  lc tad inq = p ~ z t s i t i v e  
prt:~.,je~::tir-I I.!:-lading u s i n g  F i g .  4. j .1,  page 4-17, 

rsc! *. p = Se t t l emen t  * F'vo.jectitzln r a t i o  =: 0 . 7 
t,l/c:l -7 t i e i gh t  t:tf cover  / d iameter  = 0.71 
I::$:: =: L.l:lad cclef i t : ier i ty p o s i t i v e  p r o . j e c t i o r i  = 1.12 
T r y  Transiti8::ln 1.4idth Z t w )  = 18. 04 ~t 

. j =; ;'L' a I.:: cr Y .x- \-I /tw= 0 . i 6 
e r y r ( 1 -. e :,; p ( -. j :) :) t w "' 2 / ( 2 *. 1.: C( :) - C: #. d ."'. 2: = -(I) . (1) <:I 

Des ign  Width ( :b) = 18. 04 F t  
C:d =: (:l-,e:i;p(-..2u.k~~'*.H/t,:) :)/(:2sC::~\v 1) = ( 1 ) .  38 
DL.. 2- 11:d .)c w JC b..%.2 = 17,504 Lbs /L f  
TOlAL LOAD iTL:): 

7'1- = LL -I- DL. - 18,351 Lbs /L f  
MINIMUM REBUSRED PIPE STRENGTH (4-67 - 4-68:): 

S a f e t y  Fac to r  (SF:) = 1 
Uedd i n g  Fat: t t : ~ r  7EF:) = 1 . '3 
n-~nnn = TL / BF *. SF / ( n / i ~ : )  = 1,100 L b s / L f / D i a . F t .  



I m1 - < 
2. POSIT I VE PF:O JEC:T I ON 11:OND X'T I ONS 14.- 12, 4- 17 :) : 

D E F> 1) L... O A D (1 DL..  :) : 
H/d  = 0 . 7 1. 
1~:tj -- Load c oef i c  i  e n t  , p u s i  t i v e  p r  o. jec t i cln = 1.12 
rj~,. -: 11:~: u 4. d.".~: .. 17,504 Lb%/L.f 
TOTOI.. L.CIAD (: TL :I : 

I T 1.. = 1- L. -1- DL = 18,351 Lbs /L f  
MINI MlJM F:EL!I.J I RED PIPE STEEN13TH (1 4-67 - 4-68 1) 
S a f e t y  Factc t r  (:SFr:) =: 1 
Load Fat: t ~:tr (LF:) : (:pg 4-63 - 4-64:) 

LF = 1.431/Chl-xq;) 
Where: N = 0. 707 

:I; = 0 .  638 

Fcllr d e s i g n  i.lce t h e  g r e a t e r  o f  D-Loads fctr t r e n c h  and p ~ s i t i v ~ !  
p r c ~ j e c t  i n g  c o n d i t  i~:tns, 

D-Load =. I. , 1 Cb (1) L b s / L f / D i a .  F t .  ---------- --------- 
---.----.---------------------------------------------------------------,-- ---......- .--..-,.-. .--"-.-"---" -------.------------------- - ----- - --------------------------- 



3TI-i SlVF:EET M A J O R  TF:UNt::: STORM SEWER E 1;:: 3 (1) 05 9 

M f i  I: N L.. 1 I\IE F'I F'E C:ALC:UL.AT X CJNS 7/2::/91 
LOAD I NI; ON E I  G I D 1::ONl::RETE F'I F'ES. EJF/t:::M 
RE: l - ' r :~nc re t e  Fz'ipe t.iandbool.::, AC:F'A, 1'38E3? C:hapter  4. t" --------- ------- ------------------------.-------- __-_-..____-__-_..--- " . -  ------------.--..--------- 
INF'LJT DOTA: 

P I  F:'E F:EC:ORD No. 6 
L- IZI I: a t i I:I n  : STA 37-1-50 
P i p e  mat er i a l .  : , r c p  
I n t e r r ~ a l  P i p e  d i a m e t e r  ( D : ) :  1 0 8  I n  
Wall  t h i c 1 : : n e s s :  1 0 . 5  I n  
O u t s i d e  D i a m e t e r  ( d ) :  I(:). 75 F t  
tie i g h t u f  C:over ( y  1.4 ) : ii). 5 F t  
I:I:I~ f f  i I: i e n  t I:I f  Fr i c t i o n  C cr : (3 . C 
KU : (:I. 1'324 
I.::: : (:I. 32 
S e t t l e m e n t  F;:atj.a ( r s d : ) :  0  . 7 
F'rc~. jec  t i I : I ~  F:at i o  ( p  :) = 1 
Sl-til d e n s i t y  ( w : ) :  1 4 0  P c f  
T r e n c h  B e d d i n g  Fat: t c ~ r  (:Bf 1) : 1  . 9 
L~:lad F a c t o r  F'ar ameter 5: N: 0 . 70 7 

!t; : 0 .  638 
S a f e t y  F a c t o r  (SF:): 1 

___------1---------_1------.------------------------------------------------- 

LIVE L.OAD ON EFFECTIVE PLANE AT TOP CJF PIPE CLL:) CF'g. 4-38 - 4-43:) : 
I::riti~:al HS--20 lc t i id ing  cl: lnfigurati l :~n. 
P - p o i n t  l a a d  = 4.8, (:)(I)(:) Lb.i 
I F  = Impa~:t fa~: t~sr  - 1 
L =: L e n g t h  o f  p l a n e  = 23 .  a(:) ~t 
14 = W i d t h  t:~f p l a n e  = 2 4 .  0 4  F t  
F'avg = A v e r a g e  p r e s s u r e  a c t i n g  cln p l a n e  

= P * I F / W i L =  8& F'si 
s = E f f e c t i v e  w i d t h  = 1C). 75 F t  
Wt = A c t i v e  w e i g h t  t:tn p i p e  = Pavg  * L X- s = 21,453 I..t?s 
Le = E f f e ~ : : t j . v e  sc . rpnort j .ng l e n g t h  1:1f p i p e  

-:: 1.. -I- 1  75 $- 'r!: . 7 5 .~t. cj :I == 37.31 F t  
L.L.. =r 1.J t / 1.. e = 575 Ltts/L..f 

-------------------------------------------------------------------------- 
1  . TEEI\IC:I.-I !::END I: T I  DNS: 

DEMD I..CJAD (:iS)L S (: F'g . 4-4, :) : 
Mirrr imc.rrrr  T r e n c h  Width  = 1 2 . 7 5  F t  
C:clrnpute t h e  t r a n s i t - i o r - r  w i d t h  fctr t r e n c h  l c ~ a d i n g  = p ~ : ~ s i t i v e  
prt:t.ject i n q  I. o a d i n g  u s i n g  F i g .  4 .  11., p a g e  4-17,  

r s d  x- B = S e t t l e m e n t  w Prc~ . j ec t i~ : ln  rat it:^ = (1) . 7  
H i d  = I - ie iqht  o f  c o v e r  1' d i a m e t e r  = 0 . 98 
[:I: := L.c~:lad I : I : I ~ ~  i t :  l e n t . ,  pt:~:lsit i v e  p ro . j e~ : t  i o n  = 1 . 5 4  
T r y  T r a n s i t i o n  Widtti  ( t w S  = 1 8 . 8 2  F t  

.j = ;7_'sl::u'*t-l/tw - (1) . 2  1  
e 7 r  =r ( I -. e p  (: - .j :) 5 *.:. .1; IJ .". 2 / ( 2 s. 1:: L; 1) -. C: + cJ .". 2  = - 0 . (1) (:I 

D e s i g n  Wid th  ( b )  = 1 8 . 8 2  F t  
1:: c:l x: (1 1 -, e y; p (: - 2  N, 1.:: L\ y *, H / :) 1) / ( 2  + 1:: ~1 y :) = 0 . 5 (1) 
DL- .= 1;d a. w .x. b"'2 - 24 ,8132  L b s / L f  
TCITAL L...OAD C TL :) : 

TI- = LL -I- IIL = 2 5 , 4 6 7  L b s / L f  
MINIMUM REDUIRED F'IF'E STRENGTH (4 -67  - 4-68:]: 

S a f e t y  F a c t o r  (SF:) = 1  
B e d d i n g  F a c t o r  CBF) = 1 . 9 
D-,LOAT) - TL / BF * S F  / CD/12:) = 1 ,  500 Lbs/L.f /Ilia. F t  . 

--.-----------------------------.-------------------------------------------- 



+ 
'C . 

2. POS I T  I VE PF:O JEI:::T I ON COND I T 1 ONS (: 4- 12, 4- 17 :) : C 

DE&D L.C?AD (:DL :) : 
H / d  = 0.9W 

li -- 
C:lg = Ll:tad ~ z c ~ e f i c i e n t ,  p o s i t i v e  prlz~..jectilzln = 1.54 
DL. -: C::C +. c:. 24, 832 L.ba./L.. f 
T('3Tfll ... L O A D  (: TL :) : 
TL. =r L.L.. + DL = 25,467 Lhs/L f  
MIN IMI . JM REQUIRED PIPE STRENGTH (:4-67 - 4-68:) 
Sa fe ty  Fa~ztor  (SF:) = 1 
1-$>ad Fal: t clr (LF 5 : (pg  4-63 - 4-64> 

LF = 1.431/CN-xqS 
Where: N = 0 . 7 (3 7 

;,: = (3. 1538 

li q =: pt::/C:c (b]/d+-p/2:) = (1) . 3 1 
LF = 2. 8(:) 
D-Load  = TL / LF+ SF / (D/12) = 1,050 Lbs/L f  /Dia. F t  . 

......................................................................... 
MI Fur d e s j . q n  use t h e  g rea te r  of D-Loads fo r  t r ench  a n d  p a 5 i t i v e  

prc1.jec.t; i n g  ~zond i t  ic~ns,  

D-Load = 1 , 500 L-bs./Lf/Dia. F t .  --------- ------..--- 
--....------.-"--- ------- ----------- .--.-- ----..----.------..-------------------- ------. - --------- ---------- --.-,-. ----------- ----- -.-- ---.. -------* -----.--.----- 



'3Tt.i STREET MRJOF: TF;!IJNI::: ST0F:M SEWER E t::: 3 0 '3 7 
MRTI\I L..I:hlF: PIF:'E II:RLC:LJL..ATIUNS 7 / 2 ; : / ~ ~ 1  
LOAII I  N13 ON E I  G I  D IZONIZ:F:ETE P I  PELS. E J F  / KM 
LYE:: I-"~-.tn~:.rc-?te P i p e  tiar~clb~:~~::~~::, Al::FZdA, 1 9 8 8 ,  C h a p t e r  4 .  f" ..-------------- ---.-----------.----.------------------------------------------------ .*--------*----.------ --------------.....-- " .-------------------* ------------------------- 
I  NF'LJT DkTf?: 

PI  PE F::EC:OF..:D NO. 7 
Ll:llr a t  i o n  : S T R  3 7 4 - 5 ( : )  

F'i p e  mater i a1 : r c p  
I n t e r n a l  P i p e  d i a m e t e r  (!I:): 8 4  I n  
Wall t . t i i c k n e s s :  8.5 I n  
n u t s i d e  Diameter (:d:): 8 . 4 2  Ft- 
Heigh t ;  o f  C:over (:HI): 10.5 F t  
C:oef f i~ :  i e n t  ~rtf F r  i ~ z t  ic-~n ( :L I )  : (1) . G 
1.:::~ :: 0 .  1 9 2 4  
I::: : (:I . 32 
S e t  t ! emen* R a t  i o ( r  s d  :) : 0 . 7 
F'r 0.j el: t i I : I ~  R a t  i 1-1 (: p = 1 
Soil. d e n s i t y  (:w:): 1 4 0  F'cf 
T r e n c h  B e d d i n g  F a ~ z t ~ z t r  I P f  :) : 1 . '3 
L o a d  F a c t  o r  P a r a m e t e r s :  N: 0 . 7 0 7 

x : ( 3 . 6 3 8  
S a f e t y  F a ~ z t c ~ r  (:SF:): 1 

........................................................................ 
L I VE L.OkD ON EFFECT1 VE F'L-ANE AT TOP DF P I P E  i LL:) (: F'q . 4 - 3 8  - 4-43:) : 

C : r i t i ~ : : a l  HS-20 11:lading cc l r :Cigcr ra t i c~n .  
F' 2:. P~: ' int  l c t ad  = 48, (I)(:)(:) L b s  
I F  = I m p a c t  f a l - t o t -  = 1 
L = L e n g t h  o f  p l a n e  = 23.2(-) ~t 
W = W i d t h  1:1f p l a n e  = 24, (:)~1 ~t 
F'avc.1 =: kvfi7rage p r e 5 5 ~ . 1 r e  a c t  i r ig  o n  p l a n e  

Z P . 8  I F / W / l - =  $36 FsL; 

s = E f f e c t i v e  w i d t h  = 8.42 F t  
I.1.k = A ~ z t i v e  w e i g h t  I : I ~  p i p e  = Pave +. L + 5 = 1 6 ,  803 L b s  
Le  =: E f f e c t i v e  s ~ . r p p c t r t i n g  l e n g t h  111f p i p e  

::; L 4. 1-75  *. (1.75 * d:j := 74 4 " & & I  5'" F t  
Li ... GJt, / L.e = 4 9 1  L b s ' L  f 

---.----.-.---.----".---------""--.--------.--.----.--.-.-.-.--..---- ---------.-----.,-..-" -------,----------.-.--------.---- 
1 . TF:EI\IC:H C:OND I  T I D N S :  

DEAD LOAD (DL:) C Pg. 4-44:, : 
Mirnj.n:um T r e n c h  l 4 i d t h  = I(:). 42 F t  
11:l:trnputc t h e  t r a n r . i t i t : l n  wid+;h f o r  t r e n c h  l lz tading = p ~ z , c , i t i v e  
p r ~ : : ~ . j ~ x t i n g  l lz tading u s i n g  F i q .  4 .  1 1 ,  p a g e  4 - 1 7 ,  

u s d  X. t. = S e t t l e m e n i ;  * Pri--~.jel:ti~:ln r a t i o  = (1) . 7 
CiITd =: t 4 e i g h t  o f  c lz~ver  / d i a m e t e r  = 1.25 
CI:: = I..c:lad ~ : ~ : : ~ e f i l : i e n t ,  p l z t s i t i v e  p r o . j e c t i ~ : ~ r ~  = 1 .  '37 
T r y  T ~ ~ a n s i t i o n  W i d t t ~  i t ;w : )  = 2.5.11 F t  

.j - ~YI.::c.\' YH/JCW = (:I . 27 
e r r  = (1-exp(-. . j : ) :)+tw"' .2/(2*~::~1:)-C:~:n.d.".~ = -.c) . (1) (1) 

D e s i g n  W i d t h  Cb)  = 1 5 . 1 1  F t  
lz:d = (:l-e:/;p(-.2#,k::uy+H/b:) 5/(2jch:up 1) = (3 . 6 1 
DL = ~ : d  a. w b . " . ~  = 1'3: 48'3 L.bs/Lf 
TOTAL LOkD iT'L:): 

'TL. = LL +. DL =: 19,980 L b s / L f  
MINIMUM REQUIRED P I P E  STFENGTH (:4-67 - 4-68:) : 

S a f e t y  F a c t o r  !:SF:) = 1 
E e d d i n g  Fat:t~:~r (EFT c: 1 . 9 
T?--LCIAT? = TL / E{F *. SF- / (:D/12:) = 1 , 5 5 0  L b s / L f / D i a . F t .  



-?r . F ' 0 5  J T I' VE F'F'i!JEC:T I'Ut\l IZ:OND I T I ONE; ( 4 -  J. ,, '3 4-17:,: A 

D E f i D  I..C!AI! (DL.) : 
t-I / cl =: 
IIl:c = I...c:lad ~:l::tefil:ient, P I - t s i t i v e  prt:l.je~:l;i~:ln = 
T) I,,,, ::: 1:: * I+) *. (-J ..',. L ,-.a - -- 
TOTAL.. LClOD (:TI..:): 
TL. =: LL + DL =: 
MINI M U M  EEQUI RED PIPE STEENEiTH (4-67  - 4-68 1) 
S a f e t y  Factor (SF:) =: 1 
Load Fac t 1:tr (: 1.F 1 : (:pg 4-43  - 4-64:] 

l..F = j..431/CN-xq:) 
Where: p,~ ::: (5 . 7 0 7 

!,; =2 (1). 638 
q = pl:::/Cc (H/cj-I-p/2:) = 0.2 '3  

LF = 2 - 7 2  
T)--,L..~::lad = TL / LF* SF: / (D/125 = 1,05(:) L-bs/Lf/Dj .a .Ft .  

-"---.--------------------------------------------------------------------- 
F o r  d e s i g n  u s e  t h e  g r e a t e r  c:tf D-Lctads f o r  t r e n c h  a n d  ' posi t  j.ve 
p r ~ : ~ . j e ~ : t i n g  tct:tndit i t -~ns ,  



9Tt-I ST[q[zE'T MA,JOW TI:?lJNt::: ST[]R/VI t';El-JIEF:: 1: 1.:': 3 ( 1 )  9 7 
MA I I'\I I. I NE P I  PE C:Al-c:ULI?IT1'ONEiA1+'I ON5 7 / 2 2 / 9 1  

LOADING ON R ICiID COIVCRETE PIPES.  EJF/KM 
RE: C:uncr et e F ' i pe  Handbc~ctl::, AC:F'A, 1'388, C:hapt er 4. _--._----_ ---.-------------.---. "" --------" ---." ---..-----,------.--.-----.. -- -...--------..-. ----- _-_---- *_ _-----____.."---- 1. ----.-------.---..... ....................... 
INPUT DATA: 

P IPE  REC:ORD NU. El 
L ~ I :  a t  i ,:tn : 5 TA 4. i:) -I- (1) 0 
P i p e  mater ia l :  r c p  
I n t e r n a l  P i p e  d i a m e t e r  ( D 5 :  i34 I n  
Wall t h i c k n e s s :  8.5 I n  
O u t s i d e  Diameter (Id:): 8 . 4 2  ~t 
H e i g h t  s f  [:over CH:): 10 F t  
C o e f f i c i e n t  o f  F r  i c t  ilz~n (:US : (3 . E 
ELI : i:). 1924 
K : (:) a 32 
S e t t l e m e n t  R a t i o  i r s d ) :  (1) • 7 
Pro. je l : t ic ln R a t i o  (p:) = 1 
S o i l  d e n s i t y  CwS:  1 4 0  Pc f 
T r e n c h  B e d d i n g  F a c t o r  (:Bf:): 1 . '3 
Load F a c t  iar F'ar amet elrc;: N: (1) . 707 

K : (:). G3E 
S a f e t y  F a c t o r  (SF:):  1 

-___-_-_-_-_____-_____"_ __-_-_-__--_--.----_.-" -------- --" ------. --- ---- ----------- 
LIVE LOAD ON EFFECTIVE PLANE AT TOP 0 F  F'TFZ'E iL.L :) (:Pg. 4-38 - 4-43:) : 

C:riti~:al HS-90 l c ~ a d i n g  t r l : :~nfig~~rat i t : : in .  
P = P c ~ i n t  l o a d  = 48, a(:)(:) Lb:; 
I F  = I m p a c t  f a c t o r  = 1 
L = L e n g t h  o f  p l a n e  = 22.33 F t  

W = Width  ~rlf p l a n e  = ,:, ,,,. .T 1 7  F t  

Pavg  = A v e r a g e  p r e s s u r e  a c t i n g  I:I~ plane 
= P * I F / W / I , =  93 p5.f 

s = E f f e c t i v e  w i d t h  = €3. 42 F t  
W t  = A c t i v e  w e i g h t  c1r1 p i p e  = P a v e  * L u. s - 1 7 , 4 3 6  L.bs 
Le  = E f f e c t i v e  r ; u p p l = ~ r t i n q  l e n g t h  c ~ f  p i p e  

= L 4- 1 . 7 5  * ( - 7 5  .i+ d:) =-: 9- ' c) 
.3,>. a3 F.t 

LL - W t  / LL = c. ,124 . Lbr;/Lf 

1 . TRENCH C:tlND I T I  ON6: 
DEAD LOAD (:Dl- :) i F'g . 4-4 1) : 
Mimimcrm T r e n c h  Widtl-r == 1i:).42 F t  
C~::lrnpute t h e  trar.~c:iti~::ln w i d t h  fctr t r e n ~ z h  11::tading == p ~ : s ? ; i t i v e  
prc l . j ec t i r ry  l o a d i n g  u s i n g  F i g .  4 . 1 1 ,  page 4--.17, 

r ~ d  .i+ r3 = S e t t l e m e n t  * Prc~. je~: t i~ : :~n  rat it:^ - (1) . 7 
kl/d = I-leight ~:lf c.c:~ver / d i a m e t e r  =: 1.  1 9  
121: = I...~::tad ~:t:tef i c  i e n t ,  1:31:1!:.it i v e  pra::~.je~:.l-.i~:~r~ = 1 . 8 7  
T r y  T r a r r s i i ; i o r ~  Wj.dth ( : t w : )  = 1 5 . 0 3  Ft 

, j  = 2.#l::up&l-{/t1,4 2: (:). 2 6  
e r y = ( 1 -- e l,.; ( - ,j :) :) .k" t "'. 2 / (1 2 * 1.:: 1.1 :) -. C I:: $+ cj ."' ::: e::: - i:) . i:) (1) 

D e s i g n  1Ji.dth (:bS == 15 .  03 Ft; 
C: d = ( 1 - e :,; p ( -. 2 Si. I.:: 1.1 + 1-1 / t! :) 1) / (1 2 w 1.: 1.1 ' :) == i:) . 5 9 
~ 1 . -  = /::d * t,,, + ,kJ ...Lz -- -'- 1 8 , 5 & 1  Lhs/Lf 
TOTAL. LOA13 C T'L- :) : 

TL. = 1.. 1.. -I- I2 1- == 1'3,i:)85 L..bs/Lf 
M IN I MlJM REBU I RED I" I PE 5TF:ENGTt-I (: 4.-6'7 -- 4-68 : 

S a f e t y  F a i - t c ~ r  i:SF:) == 1 
B e d d i n g  I-a~: tc~r  (Elr:) = 1 . '3 
D-1.-DAD -: TL. / EF w S F  / (:I)/12:) - 1 , 4 5 0  L.b?;/L.f / I l i a .  F t  . 



2.  POS I T I VE PF:CI J'EI::T I C J I ~  C:OND I -r I ON";: 4- j, .7 - I  4.- 1 7 :) : 
DEAD LOAD CDLI : 
H / d  = 
I:I: = Ll>ad c t = ~ e f  i ~ : i e n t ,  p~:,.;i,l;ive pr~:~.jet:tit:~:ln = 
DL = Cc * s ,-j..'.." - 

i - 
TOTAL LORD (TL :) : 
TL = LL + DL = 
MINIMUM REQUIF:ED P I P E  5TRENGTI-I ( 4 -67  - 4-G82 
S a f e t y  F a c t o r  CSFS = 1. 
Load  F a c t  u r  (LFI  : (pg 4 -63  - 4-64:) 

LF = 1.431/CN-:/:q:) 
Where:. N = (1). 7i37 

:/; = (:). 633 
q = p\:l/Cc (H/d+p/Z:) = 0.23 

LF = 2 - 7 4  
D-Load = TL / LF* SF / CD/12) = 1 ,  OCtO Lb t i /L f /D ia .  F t .  - ------- - ------- _---------- ----------------..---------.----.----------.-----.---- 

F o r  d e s i g n  u s e  t h e  g r e a t e r  o f  D-Loads f o r  trench a n d  p o s i t i v e  
p r c t j e l r t i n g  c ~ : ~ n d i t i l > n s ,  

1 4 5 0  L b s / L f  / D i a .  F t .  
--------.-- -----we"..- 



'3TI-i STREET MAJOR "fF:LJNC::: S101:?M SEWEI? E 1::: 3 (1) '3 7 
M A I N  LINE P I P E  CALC:ULATIONS 7/22/91. 
LOAD INl-3 ON RI1I;;ID CONCRETE PIPES. BJF/KM 
EE: C : i t n i r e t e  F ' i p e  I-landbctctl::, AC:PA, 19BU? 1I:hiipter 4.. _ ------_- --- ,.,.-_----.---"..---" --,...-----.-- - ------- -- ----- --- ---- ------.-------------- _------------_----------------------.*------------------------------------ 
INPUT DATA: 

F'IF'E REC:OF:D NO. 9 
Lul: a t i o n  : STA 45-I-(:,(:) 
P i p e  material:  .? - 

I 1- p 
I n t e r n a l  P i p e  d i a m e t e r  Cn3: 8 4  I n  
Wall t h i c k n e s s :  U . 5  I n  
O u t s i d e  Diameter ( : d l :  €3.42 F t  
H e i g h t  o f  C:ctver (H:) : 9.5 F t  
Citef  f i c  i e n t  o f  F r  i c t  i o n  ( L I T  : 0 . 6 
/<LI : 0 .  132.1. 
k::: : (1). 32 
S e t t l e m e n t  R a t i o  t : r s d ) :  0 . 7 
P r o . j e c t i o n  Ratio (p:) = 1 
Soi l  d e n s i t y  I w ) :  1 4 0  F'cf 
T r e n c h  B e d d i n g  F a c t o r  (Bf  : I :  1 . 9 
L o a d  F a c t o r  P a r a m e t e r s :  N: (11 . 7(:)7 

:I; : (3. 633 
S a f e t y  F a c t c t r  (:SF:): 1  ........................................................................ 

LIVE L0C)D ON EFFECTIVE PLANE A T  TDF' OF F'IF'E (:LL> ( P g  . 4 - 3 8  -- 4-43:] : 
C=riti~:al HS-2(:) 11:lading c s ~ n f i g u r a t i ~ ~ n .  
F' --- P o i n t  1 1 ~ 1 a d  = <:I(:)(:) L b s  
I F  = I m p a c t  f ac t i :~ r  = 1 
L = L e n g t h  ctf p l a n e  = 2 1 . 4 5  ~t 
W = W i d t h  121f p l a n e  = 22 * '-8 a- i d  F t  
P a v q  = A v e r a s e  p r e s s u r e  a c t  i n q  o n  p l a n e  

= P * I F / W / L =  1 (1) (1) p 5 f 
5 = E f f e c t i v e  w i d t h  = 5.42 F t  
W t  = A c t i v e  w e i g h t  1:1n p i p e  = P a v g  ie L.. .x. s = 18, (365 L-bs 
L e  = E f f e c t i v e  E - u p p o r t i n g  l e n g t h  c ~ f  p i p e  

= L  + 1.75 * c.75 .@ d:) = 32.5 ~t 
1-L = W t  / L e  = c 5.2E8 L b s / L f  

----- - ---- -- ------------------------------*-----------.,--------------------------- 
1 . TREN1::t-I IZ:UND I T I  ONS: 

DEAD LOAD (DL:) < Pg.  4-4:) : 
Mimimum T r e n c h  W i d t h  = 1 0 . 4 2  F t  
C:ompute t h e  t r a n s i t i ~ : ~ n  w i d t h  for  t r e n c h  l o a d i n g  = p1: ls i t ivr  
pr l=l . jec t  i n g  ' l o a d i n g  u s i n g  F i g .  4.  11, p a g e  4-17,  

r s d  * p = S e t t l e m e n t  ;i- F . r ~ . j e ~ t i o n  ratil:~ = (:) . 7 
H/d =: I - l e i g h t  I : I ~  c o v e r  / d i a m e t e r  = 1. 13 
[:I: = I , . I : I ~ ~  111:lef 11:: i e n t ,  pcl+;it i v e  p r o . j e ~ : t  i1:1r7 == 1.78 
T r y  T r a n s i t i o n  W i d t h  C t w : )  = 1 4 . 9 5  F t  

.j = 2+l.::u'.@ld/tw x (1) . 2.1. 
= ( l - -e: , ;p(- - . j : ) : )* tw" '2/ (2~}~.1>-1I :c+~. j " "~ -: --t:) . [:)i:) 

D e s i g n  W i d t h  I'bS = 1 ~ 1 . ~ 3 5  I-t 
Cd -1 (~-~;,:~(:--Z*.~.:L.I '* .W/~:):) /(~+.I .::LIY :r = ( 3 .  56 

= C-J * ,+, .#. h.".2 = 17,633 L-bs/Lf 
TOTAL 1-OflD ('TL:) : 

TL LL -1- DL E= 18, las  L ~ s / L . ~  
M I N I M U M  If'EBII I RED P I  FE STRENGTI-.I C 4-6 7 - 61.-.E 3L. 9 . i . . 

S a f e t y  F a c t c ~ r  (SF:) = 1 
B e d d i n g  F a c t o r  (:Elr:) = 1 . '3 
D-LOAD = TL / BF +: S F  / ( n i l 2 1  = :I. ,4C)!:) Ltrs /L. . f /Dia .Ft .  



- 7 
2. F'OSITI VE F'F:C).J'EC:'Î I O N  C:ClNI:) I T I  ONS i.1- 1.2, 4-.- 17 1) : 

DEAD L-OAD (:DL 1) : 
H/cl = 
12 = L u a d  ~::l:tefi~:ient, pt:t:lsitive prt::~.jet:t;ion = 
DL = 11:~ *. kt ~ i .  d.".'Y =L. 

A. 

TOTAL LOAD (:TLI : 
TL = LL -i- DL = 
MINIMUM EEWUIRED P IPE STRENGTI-I ( 4 -67  -- 4-63> 
S a f e t y  F a c t o r  (SF:) = 1 
L o a d  Fat- t o r  (1 LF5 : (pg 4-63 - .$.--645 

LF = 1.431/(N-xq:) 
Where: N = r:) . 7 (:I 7 

!,; = . (5. 6 3 8  
q = pb::/C:l: (tl/,j+p/2:, = (1) 2 '3 

L F  = 2.75 
D-Load = TL / LF*, SF / iD/12> = 950 L b s / L  f /Ilia. F t  . 

-------------.--"------------------------------"---------" ---.-------------- --.------- 
Fclr d e s i g n  L I E ~ ~  t h e  g r e a t e r  c ~ f  ID-Laads f c : ~  t r e n c h  and p o s i . t i v e  
prt:t.jet:t i n g  t zund i t  i~:tns, 
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L. 
2 .  F'USTTILJE F'F:Q.JEC:TIC)I\I [:nNDITInl'\ls i:~l.-.-l.Z? 4--.?7 :) : /o 

DEAD LOAD (;DL:) ; 
H / d  = 
[:I: = I - I : I ~ ~  I : : I : I~~ i l - i e n t ,  p c ~ s i t i v e  prl:l.jel::ti.l::~n := 
DL = Cl: w w dd"'2 -' .-" 
TOTnL LORD (: TLS : 
TL = LL + DL = 
M I  N I MUM REQU I RED F' IPE STRENGT1.i (: 4-67 -- 4--08 5 
S a f e t y  F a c t o r  (:SF:) = 1 

c p g  4-63 - 4--04.:) Ll~ lad  F a l : t ~ = ~ r  CL.F:): 
LF = 1 .431 /CN--xq : )  
Whe~e: N r- 0 . 7 07 

:r; = 0. €38 
q = pt:I/C:1:i:id/cj+p,/2:) = (3. 28 

L F  = 2 .  7i:) 

D-Load = TL / LF+ S F  / (D/12 : )  = 1,050 L b s / L f  / D i a .  F t  . 
F1:1r d ~ r s i g n  use the  g r e a t e r  1-1f D-Lclads fclr  t r e n c h  a n d  p o s i t i v e  
pro . jec- t ;  i n g  ~ : c l n d i t  i o n s ,  

D-Load = 1 , ~1.5(:) Lbs /L . f  / D i a .  F t .  --------.--.- ----------- 
---- --- -----------------,------------------" -.--.-----------.---. -- .---..--.------- ----- ------- ---.------_------.---" ----------.---------------- "---" -.-. - --------- -------- 



9l-H SflTEET MA,JC)E T17UNt::: STC3F:tI SEWER E 1::: 3 (1) '3 7 
Mfi I N L  I NE PIPE C:Al-C:ULAT I ONS 7 / .:el> 

f . &.L/231 
L..OADING ON T; I G  I D  CONC:RETE F'IF'ES. B JF/ K M  
EE: Concrete P ipe Handbo~:tk, ACPA, 1988, Chapter 4. ---- === ====--.--======-===== === =E====E===I =="---- ---====- 2 ;===== =.== ----======= ==== 
INPUT DATA: 

PIPE RECORD NO. 11 
Loc a  t i c~n : STF; 5'3-t.61 . 3:) 
Pipe mater i a1 : r c p  
I n t e r n a l  P ipe diameter : 72 I n  
Wall th ickness:  7 . 5  I n  
Outside Diameter ( d l :  7.25 F t  
Height o f  C121ver (HI: 11.5 F t  
C:~:t:leffit:ient o f  F r i t - t i~z tn  (u:) : (3 . 6 
t::u : 0 .  1 '524 
K : (1). 32 
Sett lement R a t i o  ( r s d ) :  0 . 7 
Pr~:~.jecti~:~n Rat ( p )  = 1  
S o i l  d e n s i t y  ( w S :  1.40 Pc f  
Trent:: h Eedd i n g  Fag: t o r  ( E f  :) : 1 . '3 
Load Fact clr Parameters: N: (I . 7 0 7 

x : 0 . 638 
Safety  Factor  (SF:): 1 

_--------------__---------------------------.----.---.------"---------------- 

LIVE LOAD ON EFFECTIVE PLANE AT TOP i3F PIPE CL.L..:) (Pg. 4-38 - 4-43:) : 
l z r i t - i ca l  HS--20 l o a d i r ~ g  corr f igurat i~:~n.  
P  = Po in t  laad  = 48, (:)i:)(:l Lb5 
I F  = Impact f ac to r  = f 
L = Lengfh u f  p lane - 24.  $35 ~t 
W = Width u f  p lane = 25. 7'3 ~ . t ;  
Pavg = Average pra5sure a c t i n g  on p lane  

= P * I F / W / L . =  75 Psf  
5 = E f f e c t i v e  w id th  = 7.25 F t  
W t  = Ac t i ve  weight t:~n pip12 E= Pavg .#. L .x- 5 = 13,,56'3 L-bs 
Le = E f f e c t i v e  suppor t ing  l e n g t h  a f  p i p e  

= L  + 1.75 * (.75 * d:) = 34.47 F t  
LL = W t  / Le = 39.1. Lbs/L f  

1. TREN1I:ti 1l:CINUI T  I ONS: 
DEAD L - D ~ D  (DL:) (: ~ g .  4-41 : 
Mimimum Trench Width = 9 - 2 5  ~t - I...~z~mpccte t h e  . t rans i ' t i~ :~n w id th  flztr tren~::h It:~:,ading = pcosi t ive 
pro . jec t ing lctadinq us ing  F ig .  4. 11? page 4-17? 

r s d  *: [P = Sett lement *: F'r~::~.jec.ti~an r a t i ~ : : ~  := 0. 7 
H / d  = Weight ctf ctztver / diameter = 1"  5'3 
l::~:: = L..~:t:lad i :uef ic ient ,  p c ~ ~ i t i v e  ~3r1:1.:jet::.t:i~:trl 2:: 12 . 51:) 
T ry  Trans j . t ion Width i t w )  - 13.41 Ft; 

j - 'xJcC::~iv.#H/tw ::: (1)  . 33 
E r r = ( 1  -. P .. %/. . . p  ( - ,j ) 1) * t w 2 / (: 2  1:: 1.1 :) -- 11: c *. c j  3: -0.  (:)<I 

Design Width < b >  = 13.41 F t  
Cd = i : l - e : . ;p ( - -2 * l . : :~~~~H/b : ) : ) / ( :2 *b : :~~~  :I = (1) . 7 3 
DL = Cd *: w * b"2 = 18, 387 l..b5/I..f 
TOTAL LOAD ITL :) : 

TL. = LL. -1- DL = 18, 781 L..bs/'L..f 
MINIMUM REQUIEED F:'IPE STREN1;TI-I ( 4  -67 6$.-..&$3:) : 

Safety  Factor  (SF:) = 1 
Bedding Fac t c ~ r  CRF:) = 1 . '3 
D-,l..l?Al! = TL / BF .* $SF / C I:)/ 12 :I = 1,E:;O LLs/L f /D ia .Ft .  

..-..-.---- .... ------------,--------..* -.,--.-...-..- " ...,,, "...." -.....-- .......................................... ...--...-..--. --.,---------.---" ".-." --.....---...---- - 



- - 
'/ 

2. PCiS I T 1  VE i='F?O,JEC:TI O)N II:CII\IL)I T I  ONS (4- j. 2? 4-1 7: )  :: 
DEAD LOAD (DL3 r 
H/d = 1 . 5 3  
IZi: = Ll11ad 1:8:1ef i c i e n t ,  p g : ~ s i t i v e  prl:t.jel::t:i~::tn - 2 . 50 
L)L = cc * w j(. d+..-* :z 1 8 , 3 8 7  LGs/Lf  
TOTAL LOAD CTL:] : 
TL = LL + DL = 18,781 L b s / L f  
M I N I  MUM REQU I RED P I PE STF:ENGTII C 4 - G 7  4 - 6 8  :) 
S a f e t y  F a c t ~ z ~ r  CSFS = 1 
L o a d  Fat: t I:I~ CLF :) : ( p g  4 - 6 3  - 4-64:) 

LF = 1 . 4 3 1  / CN-xq:) 
Where:  N .= 0. 7i:)7 

;,; " 0 .  €33 
q = pt</C:c (l-{/d-kp/lr:) = (1). 27 

LF = 2.67 
D-Load = TL / LF* SF / (D/ lZ:)  = 1 , 200  L G ~ / L  f /D i a .  F t  . 

---- ----------- - ----- ----- .------.------------------------ --- ---- -------------- 
F o r  d e s i g n  u s e  t h e  g r e a t e r  o f  D-L.oads fctr t r e n c h  a n d  p o s i t i v e  
prt:l.jel:t i n g  ~1:117di t  i l s n s ,  



ls'rld STI;;'IsET M(A,JOR TF:LI/\II::: STOF:Pl !;I$'WEF:: E I-::: 3 i:) '3 7 
P1A I N 1- I NE P I  PE C:AI-C:LJLAT I OIqS 7/37 191 

r & & I  

LOAD IN13 ON I;: 113 I D I.~:TJNI::F:E'T E PIPES . B JF/ t:::rl 
F:E: ~ : o n e r e % e  P i p e  Handbac~k, AiZ:PA, 15!:188, I::haptelr 4. 
_____ -____ -__ - -____  - - - - - - - ~ - - . - - - - . - - - . - "  - ----- ------- -___ --__-_- __-_____ ,.---., ----_----..----------.------ ----- -..-.....-------- -------.---------- 

INPUT DATA: 
PIPE REC:OF:D NO. 12 
LIZIC a t  i o n  : CL STA 59t7G. 74, 33' RT 
P i p e  m a t e r i a l :  r c p  
I n t e r n a l  P i p e  d iameter  (:Dl: 72 I n  
Wall  thi1:l::ness: -. !z' 

,I ..! I r-I 
Outs ide  Diameter id:) :  7.25 F t  

He igh t   sf Cover (I-I:): 22.5 F t  
1 2 c e f f i c i e n t  I:I~ F r i c t i ~ r ~ n  (:u:) : . 6 
El.\ : (I),, 1924 
K : (:I . 32 
Set t l emen t  R a t i o  i r sd : ) :  0 . 7 
P ~ I : I . ~ ~ I - t  it:~n Rat ~I:I Cp:) = 1 
S o i l  d e n s i t y  Cw3: 14i:) P1z.1: 
Trench bedding F a c t o r  CBfS: 1 . '3 
Load F a c t ~ z ~ r  Parameters: N: i:). 797 

,. . 
.i. . 0 .  G 3 8  

S a f e t y  F a c t o r  (SF:): 1 -___--___-_-_-____ _----------------------,..--.---.----.--- ------ ---------------------- 
LIVE LOAD ON EFFECTIVE PLANE AT TclP O r  PIPE i:L!.. :! l: l"9. 4--."U J - 4--43:) : 

C r i t i c a l  HS-3:) 11:tading CI::$I-I~ i g u r a t  ilz~n. 
F = Pctint l.c.,ad = ~+Q,i:)i:)i:) Lbs 
I F  = Impact fact lz~r = 1 
L = Length  tzlf p l a n e  = 26.70 F t  
W = Width I:I~ p l a n e  = 27.54 F t  
Pavg = 4verage p r e s s u r e  a c t i n g  on p l a n e  

= P * I F / W / L Z  65 Pisf 
5 = E f f e c t i v e  w i d t h  = 7.25 IFt 
W t  ;. Atzt ive weight  I Z I ~ ~  p i p e  = psvg :* L +. .:=. .- =: 12, E585 I..b5 
LR = E f f e c t i v e  s u p p o r t i n g  l e n g t h  o f  p i p e  

c L 4- 1.75 * C.75 46 d:) = 36.22 F t  
LL = W t  / LE; =-- 34.7 L..bs./Lf -_---_---___- ___-_-- ---- - --.---,-------.-.---.--------.------.------.----..-.-.. --.---...-- ----. --.------- 

1 . TF:ENC:H COND I T I ONS : 
DERD LOAD (:DL:) [: Pg . 4-45 : 
Mimimum Trench Width = '3.25 F t  

C~:~mpute t h e  t r a n s i t i l z l n  w i d t h  f c ~ r  .I;reri~:h 11:lading = pl: l~;i t ive 
prcl . ject  i n g  l o a d i n g   sing F i g .  4. 1 j . ,  page ;.1.-17, 

r s d  * P = Sett l~?,nel7t + I='r~s.jectil.sn r a t  ~I::I = (2- 7 
t.l ld = t-leight o f  c~:~vei- ,/ d iameter  == 1 . 72 
~.I:I: == L.t:~ad ~:~::~.-.fi~:ient, p t s s i t i v e  pi*,>.je~::.t:ii:~n ::: 2 - 7 2  
Tr!; T r a n s i t  il:lrI Wj.dth i ' t w : )  -: 13.5G F t  

.j = 2:kku'*H/tw = i:) . 35 
e r 1- :-: ( 1, -. e x p (1 -.. ,j 1 :) a. t I,$ "'. 2 / i: 2 a. 1:: L,: ) -- C c *. d 2 := -.(I) . <I)<:) 

De~;ign Width CbS = 13.5Ec F t  
1:: d = ( 1 --, 2 x p i: -2 % 1:: u ' 1-1 / b 1) :) / ( :: .%! 1:: l.1 :) = i:) . 7 8 
~ 1 , -  - I-: (-J w. .# b .".2 .. 1'3, '355 I..bs/Lf 
T O T A L  1-OAD iTL :) : 

.-,.- :,.-,.-, TL - 1-L + DL Z. ,:.L), d,,r. L - b s / L  f 
MINI MUM REQU I RED P I  PE STFr'EN13TI-1 (~1-67 -- 0.1.--68 :) : 

S a f e t y  F a c t ~ z ~ r  <:SF:) =: 1 
Betld i n q  Falztor (BF:) =: 1 . 9 

-.- D-LOAD = 1.L / EF .s. SF: / i:D/12:) --. j, ? 80i:) L..b5/L.f / D i  a. F t  . 
---------... _----_- ^--- .-------- "." -------.-.---------..--." --...- - - . "  ..," .""" ...............- (.. --.. "-.-"......-..--.-......-- 



-- p~-~pp 

-& 

2.  POSITIVE F'ROJECTION C:DNDITICJI\IS (:;5--,1;l.:, 4-17:) :: 

n m n  L.OAD (DL.:) .: 
Hid =. 1 . 7 2  

-= Llzlad ~l:tef id:iel7.ty P O ~ ~ . ( ; ~ V E . ?  ~~rt:~.je~::S:i~:~ri == 2.72 
DL = 1 2 ~  * w -J+ ,-~...%2 - :1.'3, 965 L.hs /Lf  
TOTRL LOAD CTL > : 
TL := LL + DL = 20,332 L b s / L f  

,us MINI M U M  REQUIRED P I  F'E STRENGTH (4-67 - ',. . 
S a f e t y  F a c t o r  (SF:)  = 1 
L o a d  Fat: t I Z I ~  (:L.F I : Cpg 4-63 - 4-E4:i 

LF: = 1. 431/(N-- .xq: )  
Where :  N =: (1) . 7i:) 7 

!,; = !:I . 13 3 8 
y = pf:::/C:c(:W/d+p/2: = (1). zg 

L F  = 2. G 5  
D--Lcaad - TL / LF* / / D / 1 2 5  -; 1,300 Lhs/L-f  /Ilia. F t  . 

--_----___----_--_-----------" .-.-...------ --...----------------- ----------------.-.-- 
Ftsr  d e s i g n  u s e  t h e  g r e a t e r  o f  D-Loads  fclr  t r e n c h  a n d  p c ~ s i t i v e  
p r l :~ . j ec t  i n g  c1::tndit il=ln5, 

D-!..mad = 1 , 80i11 L h s / L f / D i a .  F t .  ------------ ---------- 
- - -.-- - - - .... 1 - - -----. - - - - --.- -. - - -. - - -- - -. - - - -.-- -"- -- - - - -.. - -.-- - - - -.--- --.- - - - - -- - - - - 
---* ---_----_ ---_.--------,------------------.------." -.-.-.------,---...--- "--" ----" ------ 
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'L " C J  

2. T I  VE PHCJJEC:TI ON C:CiNDI T I  CJNS (4-1 2 ,  ;I.--.j. 7 1) : 
M A D  LOAD (:DL :) : 
H/d = 1 . 883 

!:I: = L I : I ~ ~  ~ : o e f i l : i e n t ,  p l : : ~ : ~ i t ; i v e  prcfi.je,:.l:i~:tn -: 
'-8 98 
i- . 

DL = I::< w + ,-jd.".? - 1 5 , 4 2 8  L..bs/Lf 
TOTAL LOAD ( T L )  : 
TL = LL -1- DL - 15,773 L b s / L f  
t l  IN I M U M  REOU I RED P I  F'E STliENGTI-1 (4-137 .- 4 - 6 8  :) 
S a f e t y  F a c t c t r  (SF:) = 1. 
Lo:lad Fat:.t~:~r (L-F:): c p g  4-6.3 - 4-64;) 

LF = 1 . 4 3 i / C N - - x q S  
Where: N =: 0. 7<:17 

;I; = 0 .  638 
q E= pjS::,/C:c ( :H/d+p/2:)  = i:J . 2 E, 

LF = 2 - 6 4  
D-Load = TL / LF4+ S F  / (D/12: )  =: i , ?(:I0 L.b.;/L.f / D i  a. F t  . 

__--__--- - -_-^__-__--_l__-.---lI-.--" -..--.--------- * ---^--.-------------------.--------- --- 
F c ~ r  d e s i g n  use t h e  g r e a t e r  o f  D - L a a d s  flzlr tlrencti a n d  p o s i t  i v e  
prl:t.ject i n g  c o n d i  t il:lns, 



4 ~ i ~ t - 1  STITEET MAJOR -r~:[,jl~)-::  ~ ' l - f j ~ ! ' !  :s[{[..jk~~; 1: ..- a ,/ .. 7, .J L) - ,:j .- - / 

1::ONNEC:TOF: F'E [:ALC:LjLAY I OP.JS - , .-., 
.j ./ L &:: / '3 1 

\..DAD I IIIG Q N  F: I G I I? CONCRETE F'I I-'ES. BJF/L:M 
HE: C:cdrlcrete P i p e  [-Iandbfi~:,l.::, AC:F'&\, 138Ej7  !z:haj::!.ter GI.. 
------.-. ------." "-." -----.-" ". ."- --+ -...-..--.---.--.------------ ------.-.------,-..-----* --.....-----..... .. --,-.-.---.---.- ... ? ..--.--.----...----.-...---.------------ 

I NF'LIT DATG : 
F:'IPE F:EC:C.RD i\rn. I 

LCII: a t  i o n  : 5 T c, 5 8 ..I- (2 C, 
P i p e  mater ia l :  rep 
I n t e r n a l  P i p e  d i a m e t e r  CDS: 1 5  I n  
Wall  t h i c l . : : ne s s :  3.5 I n  
O u t s i d e  D i a m e t e r  i:dS : 1.93 Ft; 
H e i g h t  o f  I::c~ver i:H:): 1 1 . 5  F - t  
C:oef f i~: i e n t  o f  F r  i c t  i~:tr l  (u:i : <> . E, 
~ L I  : (1). 192.1 
1::: : (2. 2;; 
S e t t l e m e n t  R a t i o  Crsd : ) :  0.7 
Pr~:~.jel:l;i~:in R a t i i - I  (:p:) = I 

S o i l  d e n s i t y  (w: ) :  1~4(:) pcf 
T r e n c h  Bedd i n g  Fac t c i r  (:BSF :, : 1 . '3 - -." .- - 
Load F a c t  o r  P a r a m e t e r s :  PI: i.) u ;* t-) 7 

,.. . .,\ . (-j.&'JfZj 

S a f e t y  F a c t o r  (SF:): 1 
---------------- -.--------...---------,.-.- "" ..----------" -......, ."" * ,,.-.-.-...--.,,-.-- " ----...--...-----. "--- 
L I ?/E LORD [IN EFFEC:TIVE PLANE AT Tap OF P I  F'E <:L..L 1) i: pg. 4--3(,3 -.- 4-.4"') ..I. a 

I I : r i t i ~ : a l  HS-2(:) 11:lading ~:is;.if igurati~:t: ln.  
F' = P I : I ~ ~ I ~  l c ~ a d  ..: 4.8, OC!Q l...br; 
I F  ..: Impal-t f a~ : t~ :~ r  = A i 

L = L e n g t h  c ~ f  p l a n e  = '-' 4 " 9 " 
.J F t  

W = Width  of p l a n e  = 25. 7'3 F-t 
F'avg = A v e r a g e  p r e s s u r e  a c t  ir ig on  p l a n s  

= P * I F / W / L =  75 F'sf 
s = E f f e c t i v e  w i d t h  = 1.83 T t  
W t  = A c t i v e  w e i g h t  I:I:,~ p i p e  :-7 Pavg  .ic L. .ji- =:. = 3,.$25 Lbs 
LE = E f f e c t i v e  suppi:lrtj.ng l eng t t ' l  i:~f pi[:!@ 

= L 4- 1.75 .it i:.75 * d:) == .- .',. -Y 36 F t  
A- 7 

LL - W t  / 1-E = '1 .3F 
A , ,  -..,, l-.k+5,41L-f 

1 . TRE3iC:C-I t::flND I T I  DIAS : 
DEAD LOAD (:DL:) C Py.  4-43 : 
Mimimum T r e n c h  Wid th  = 3. 1 7  F t  
Ctz~mpute t h e  t r a n s i t  il:ln w i d t h  f o r  t r e n c h  l c~ad inc : :  :r: p o c s i t  i v e  
pr l - t . j ec t ing  l c l a d i n g  u s i n g  F i g .  4. 1 1 ,  p a g e  4--17, 

r s d  * 13 = S e t t l e m e n t  .& F'r<:~.jet:.t.i~>n r a t i l : ~  :=: (11 . 7 
H/d = i - l e igh t  o f  c o v e r  / d i a m e t e r  == E. . 2 7 

I_:#: =. Llr.,aid c~:~efi i : : ier i . t ,  pc:asi.tive prc i . j ec t io r1  -: 3.88 
T r y  T r a n s i t i o n  W i d t h  i tw:)  = LC. 53 F t  

.j r.: 2.ek:uf # . H / t w  x (1) . '3 is 
e 1- r r.: I,: j, -. e !,.; j ~ ,  (1 -- ,j ) :) + t CJ ." 2 / (: 2 + 1.:: L.! :! -- 11: I:: #. d ."'. 2 :: I;:] . Oi:) 

D e s i g n  WiiJC-h (b:r = .$. 53 ~ . t  
C:d = [: 1 - e !,.; 7 !: ..-. 2 .k:. 1.:: LI Y +./-.I 1' J-) 1) :] ,/ i: 2; x. 1:: , ! ::: ... 4 . G 2  
Dl- = [:.j .)(. w .j,- kb"2 ..: 4 , G 9 !.. b / L. f 

TOTAL- LOAI:) i:TI. 1) : 
TL. =: 1.1. 4- DL ... -=: 4 ,774 .  ~bs.,,'i.*.i: 

1\.1II\jIMUlv! F;L:QIJIREE F:[pE Sl-I".:EN-r/-I i:~i-&7 -- ,::]..--(!,!,8:~ ; 

S a f e t y  F"a,::tl:,r <:SF':) =: 1 
B e d d i n g  Fa~::t~:,r (:BF-:) :::: .,. i ,. *q - 
D -... L 0 A 1) = -1" I-. / E I-' +. F / i: 1) ;,' j, 2: j ;::: 1.:,i:!%Q L-bc;/L.f.,;Dj,a.F-t. 



2. I T I V E  F.'RO.J'EC:TI GIN C:DI\IDI E1\1S (4-  1'7 4--. 1 7 ' )  - C - )  .. . " , .  . 
DEAD L-DAD C DL- 1) : 
H/d = G. 27 
CI: = L111:lad I: clt. f i I: i ent , i t- i ve p r  1::t.j el: t i 1::1r7 = 9.88 
L -1. GIs * ', * (. d.' _ .::I ..- -. 4,649 Lbs/Lf 

TOTAL LOAD ( T L I  : 
TL = LL -I- DL = 4 , 7 7 4  L L s / L f  
M I N I M U M  REQUIREU Pf  PE STRENGTH 14-67 - 4--E81 
S a f e t y  F a c t c ~ r  <SF:) =. 1 
L o a d  Fat: t trtr CLF:) : (:pg 4-63 - .l.-ti.5 S 

LF = 1 .431 /CN--xq5  
Where: N = (1) . 7 (:I 7 

:/; = C). €38 
y =E pt:::/C:~ ( H / d + p / q : )  = (1). 22 

L F  = 2-52 
D-Load = Tl, / 1-F*. S F  / CU/ 12:) = 1,550 L b s / L f / D i a . F t .  

---------------------------.------------------------------------------.---- 
F c ~ r  d e s i g n  u s e  t h e  g r e a t e r  o f  D-Lt:~:lads f c t r  t r e n c h  a n d  p c ~ s i t i v e  
p r o . j e c  t i n g  trl:~ndi t il:~ns, 



9TJ-j STREET MAJOl:? 'TI:I.JNI.::: STClfIM SEWEF? I : - I : ; T ( : ) ~ ~  -- ..I .- 
C:ONNEC:TOR P I  F'E C:ALC:LlL&iT I ONS 7/22/31 
LOADING ON R I G I D  CONCRETE PIPES. B.JF / KM 
F:E: C:c lncre te  P i p e  t-landboc~i::, ACF'A, 1 '388,  C h a p t e r  4. 
--_-------------.-- __- -------- ------ -...--.--.--- " .-..- ----------4.-.---------------------------- __--- _--_-------__--------------------.-------------- "-" ---- --.--------------------- 
INPUT DATA: 

P I P E  RECORD NO. .-a 
L 

Loc: a t i I : I ~  : S T 4  53-1-7(:) 
P i p e  mate r ia l :  r c p  
I n t e r n a l  P i p e  d i a m e t e r  (D?: 18 I n  
Wall t h i c k n e s s :  3.75 I n  
O u t s i d e  Diameter ( d S :  2 . 1 3  ~t 
H e i g h t  s f  U c ~ v e r  ( t - IS :  10.5 F t  
C ~ s c f f i ~ ~ i e n t  o f  F r i c t i o n  (u:) : (5 . 6 
KIA : (1). 1 9 2 4  
}::: : (1). 3 2  
S e t t l e m e n t  Rat io  i r s d : ) :  0. 7 
Pr~:~.je~:t  i~:~n R a t  ~I:I (p: )  = 1 
Soi l  d e n s i t y  i w : ) :  140 PI: f 
T r e n c h  B e d d i n g  Fal:tl:lr EEf :) : 1 . 9  
L o a d  F a c t  or P a r  a r n e t  er E;: 1\1: 0 . 7 07 

.. . .4 . 0. 638 
S a f e t y  F a c t o r  (SF:):  1 

-------------------------------.------------------------------------------ 
LIVE LOAD ON EFFECT1 VE F'L.ANE AT' TOP OF P I P E  (LL:) (:F'gi. 4 - 3 8  - 4--43:) : 

C : r i t  i c a l  HS-2(:) l o a d i n g  c o n f  i y u r a t i o n .  
F' = P o i r ~ t  11:1ad = 48,0(:)0 L b s  
I F  = I m p a c t  f a c t o r  = 1 
L = L e n g t h  I:I~ p l a n e  = 23.3:) ~t 
14 = W i d t h  laf p l a n e  = 2 4 . 0 4  F t  
P a v y  =: O v e r a g e  pres:.:;ulre a c t  i n g  on p l a n e  

= P .* I F  / 1.J / L = 86 !'sf 
s = E f f e c t i v e  w i d t h  = 2. 13 F t  
Wt = A c t i v e  w e i g h t  $:on p i p e  == F'avg * L. .x. <- .a - -- 4 , 2 5 1  L-bs 
L e  = E f f e c t i v e  S L I F ) ~ ~ O ~ ~ ; I . ~ - I ~  l e n g t h  ctf p i p e  

= L -F 1 . 7 5  * c.75 .* d:) = 25. 903 j ~ t  
LL = W t  / Le = 1 6 4  L b s / L f  

TRENC:H C:OND I T I ONS : 
DEAD L-OAD (DL:) (: Pg . 4-4 5 : 
Mimimum T r e n c h  W i d t h  = 3. LIE, 1--t 
1Z1:tmpute t h e  t r a n r s i t i ~ : ~ n  w i d t h  f1:1:17 trer11:rh 1t:a:lading = p ~ z t ~ s i t i v e  
p r o . j e c t i n g  l i . ~ a d i r i g  1.1.lriing F i g .  4 .  1 1 ,  p a g e  4 -17 ,  

r s d  .% p = S e t t l e m e n t  F'r~:t.je~:t i~:~n ~ I : : I  2: (3 . 7 
H/d = H e i g h t  o f  ccz~vev / d i a m e t e r  = <+ . l+:k 
I_:I: =r Lcla(j  ~ : c ~ e f i c i e n t ,  131:1sit.ive pr~:~.,je~:.ti~:,n == 57.78 
T r y  T r a n s i t i o n  Wj.dth ( t : w )  = 4 . 9 1  F t  

,j = 2 + } : : u f * t . i / t w  -2 . 82 
e r 1. = 1 -. e # ~3 (: --. , j 1 " t w .". 2 / (: 2 * 1:: 1.1 1) -- 11: I: rJ ." :Z = 0 . (1) (:) 

D e s i g n  W i d t h  Cb:) = 4.91 I--t 
C: d = t: 1 - ~3 y; p L: - 2 *. I:: C[ q JE. 1-1 / t) :) :) / (: 2: Y. I.:: 1.1 ' :I = 1 . 4 6  
DL == C d 2 '  w 3. b ."'.'" := .,.a 4;321 Lbs/l-f  
TO'IAL LUAD i: TL 1) : 

TL = LL -1. Dl- =. 5,i:i85 !.-tj.~./L.f 
MINIMIJM REBl..lIl;lED I='IFE: STRENf;TH (: 4 - - G 7  ...- .$--gE!:) : 

S a f e t y  F a c t o r  (:SF::) := 1 
B e d d i n g  IFat:tvr CBlr:) = 1 . '3 
D--L..OAU = TL / EF + S F  / (I1/12:) -= 1,80!S L.-b:;/JLf/Dia.Ft. 



2. POSITIVE F'ECIJ'E:[:TT~~I\I C:[3NDI-rIC)NS i:4-1-:' . - !, 4--.17:1: '- 3 

DEAD LOAD (DL 1) : 
H / d  = -1. 44 

CI: := Lc~ad cl:~efit:ieni;, pt:t:zitive pro.jel:ti;=i:,r; - 7.79 
DL = Cc .* dA2 = 4,921 Lbs/L f  

TOTAL LOAD (TLS : 
TL = 1.L -t DL = 5, 085 L.bs/Lf 
MINIMUM REQUIRED PIPE STRENGTH (4-437 - 4-68:) 
Sa fe ty  Factt:tr (SF:) = 1. 
Load Fac t o r  (L-F :) : (py 4-E3 - 4-64:) 

LF = 1 . 4 3 i /  CN--.xq 1) 
W h e r e :  1\1 - i:) . 7 0 7 

y: = (I. G38 
q = pt::/C:c (H/d+p/Z:) = (1) 2 2 

LF = 2-54 
D-Load = TL / LF* SF / (Il/12:) = 1,350 Lbs/Lf  /Dia. F t  . 

1_---_---_-1-__--_-1_-I---------------------.----.-------------"--------------- 

Fur design Ltse t h e  g rea te r  1:1f D-Loads f o r  t r ench  and pc t s i t i ve  
pr is jec t  i n g  clrtndit il:tns, 

D-Load = 1 ? El(:)(:) Lbs/Lf /Dia.  F t .  
---.------- -----.---- 

--------------_-_---,-- I----.-^- ---.-.------------.-----.------.----------------" --------we- -------_-_------_---.---------------------------"---------------~--------- 



9TH STREET MRJOF: I-RUNt::: ST[]F:11 SEWER /3:3(:)97 
C:ONNEC:TOR PIPE  C:AL.C:ULATI ONS 7/22.1~31 
LOAD I  NG ON H 112 ID 1:ONCRETE P I  PES . EJF/KM 

I l  i 

RE: C : o n c r e t e  F ' i pe  Handbsol.::, A?l:F'Ay 1'389, C:hapter  4. 
---------_-----..--- ---,--.""------. ---.- ----.-..-- -.-- ---- . . - . - -  -.-------- ----- --.----- .-----I-_-.....-- "_ -..-.-------_------.---------,----.----.-.------,-...---------- - ---- -------- 
INPUT DATA: 

P IPE  REC:ORD NO. 3 

l l  i Loo: a t  i n n  : ST A 5 (:I .r- 1  (:I 
P i p e  m a t e r  i a l  : r I: p 
I n t e r n a l  P i p e  d i a m e t e r  (:Dl : 1 8  I n  

11 1 Wall t h i c k n e s s :  3.75 I n  
O u t s i d e  D i a m e t e r  I d ) :  2 . 1 3  F t  
H e i g h t  o f  Cove r  (H3: 1O F t  - 

~ Z o e f f i c i e n t -  s f  F r i c t i o n  ( 1 ~ : )  : (1) . 6 

11 I K :  1:: LI : (1). 3 2  
0. 1 9 2 4  

S e t t l e m e n t  R a t i o  ( r s d ) :  (1) . 7 
Pr~:~ . jec t  i ~ z ~ n  R a t  i~:t Cp:) = 1  
S o i l  d e n s i t y  (w l :  140 P c f  
T r e n c h  E e d d i n a  F a c t o r  ( B f ) :  1 . 3  
Load F a c t o r  P a r a m e t e r s :  N: .,' . .. . 
S a f e t y  F a c t o r  (SF:): 

LIVE LOAD ON EFFEC:TIV€ PLANE AT TOP OF PIPE  (: LL. :I (Pg  . 4-38 - 4--43:) : 
I Z r i t i c a l  tiS-2cS 11:tading t = ~ z t n f i g u r a t i a n .  
P = F ' a i n t  lc~acl  = LIB, (:)at:) L b s  
I F  = I m p a c t  f a c t c ~ r  - 1 
L  = L e n g t h  u f  p l a n e  = 22" 33 F t 
W = Width  u f  p l a n e  = .? 3 *.,. 1 7  F t  
Pavg .= A v e r a g e  p r e s s u r e  a c t i n g  on  p l a n e  

= P * I F / W / L =  I- 3.3 P5f  
5 = E f f e c t i v e  w i d t h  = 2 . 1 3  F t  
W t  =. A c t i v e  w e i g h t  un p i p e  = P a v g  * I- ,* .z - 4 4.23 ~ - b ~  
Le  = E f f e c t i v e  s u p p c t r t i n g  l e n g t h  o f  p i p e  

= L  + 1 . 7 5  *, C.75 %- d:) == 25.  1 2  F t  
LL = W t  / L . e  = 1 7 6  Lbs /Lf  

_-.-_---_--_------1-----m-_-.---------.^1---------_.---.--.-.-.----.- " -.-..-.----..-..-----.-.----- 
1  . TREI\ICH COND I  T I  ONS : 

DEAD LOAD (DL:) (: Pg.  4-44:] : 
Mimimum T r e n c h  W i d t h  = 3 . 4 6  F t  
C:t:tmpute t h e  t r a n s i t i ~ z ~ r ~  w i d t h  fi-lr t r e n c h  l o a d i n g  = p o ? ; i t i v e  
prc t . j ec t  i n g  l o a d i n g  u s i n g  F i g .  4 . 1 1  ., p a g e  4-.I?, 

r s d  .fi p  = S e t t l e m e n t  * F'r~:~.jelztion ra'l;ii:l -1: (3  . 7 
I-l/d = H e i g h t  o f  c~ :~ve r  / d i a m e t e r  = 4. . 7 1  
r.l:,: =: L~:tad c~:t:,ef i c i e n t ,  p u s i t  i v e  pr-c$. ject  i . c ~  = 7 . 4 1  
T r y  T r a n s i t  i o n  l~JicJtl-1 i1 tw: )  =: 4 . 8 5  F t  

.j = ~.&C::IJ'*H/~W = (1) . 73 
e r r = C 1 -. e x p ( -.-. j :) :) *. t w ."2 / (1 2 .#I:: L[ :) -. C c d " ::: =:: (1) . i:) 

D e s i g n  Wid th  Cb) = 4 . 8 5  F t  
11:d =: i: 1  - f ~ .  :,; p ( -. 2  1:: ~1 .)c 1.4 1' t) :) :) / l' 2 :1~t 1.:: LI ' 1) .= 1 . 4 2  
DL -1: ~ z d  .rt. w * b."'.2 =: 4 , 6 8 6  Lbs /L f  
TWAL LCjnrj (TL.:! : 

TL = [..I. -I.. DL =: 4 ? 8 6 2  l..bs./L..f 
M IN I  M[.JM REQlJ 1  RED F:' 1 PE $31-REhl13Tl-l i: 4-E7  -- 4--6i3 1) : 

S a f e t y  Factcar (:SF:) == 
E e d d i n g  F a c t ~ z ~ r  (:I3Ir:) .= 1 rn '3 
D-LOfiD = TL / BF * SF / iD/'12:) = 1,750 L - b s / L f / D i a . F t .  

___.___._"_____-^_--,----------".----." . . . .  . . -  ...-- .--.......-...- "--." .-.-" -.-.-. -.---------------.----.--------.----- 



DEAD LOHD (DL:) : 
H/d = 4.71 
11:~: -= L-17ad ~ : ~ . : ~ p f i ~ = i e n t ?  pi :~. , i t . ive pr t :~ . je i : : .k i l~~;  = 7.41 
DL = C:rr *. ,+, * ,-I .'....T' -- . A  

A. 
..... 4, EaUE L h s / L f  

TOTAL LOAD ITL:) : 
TL = 1-L .+ DL = 4 ?  862 L G s / L f  
M 1 N I MUM RE(>U 1 RED F' 'f]-'E ST]?EP.JIY/-H (: 4-67 ...- 4 - . - E G  J L: . 'I 

S a f e t y  F a c t o r  iSFS = 1 
Ll:lad F a c t o r  (;L-F:) : t;pg 4-63 - 4-64:) 

LF = 1.43i/<N-xqS - 
W h c w ~ :  N = 0 .  701 

:I; = (:I. 638 
(1) " 2 3 q = pt:::/c:, + = 
2.54 L F  = 

D-Lt:~ad = TL / L F s  S F  / ( : D / ' 1 2 5  = 1,3(:)0 L L : s / L f / U i a . F t .  
_______- -_____ ---- ,^___-__ -----_ -_...__--."..- __--_----------------------------------- 
F11li- d e s i ~ i r !  u s e  t h e  greater o f  U- .Loads  f l:lv t v e r ~ c : ~  a n d  p o s i t  l v e  
p r c ~ . j e t : t  i n g  i:~:lnditi~:lns, 



9TH STREET MA,TOR TT;:UNt::: STOllPl SEWER !3:::3(:)37 

C:OI\INEC:TOF: P I  PE C:AI-C:LJLAI I ONS 7/22/51 
LDADING ON R I G I D  t.::ONCEETE PIPES. B J F  / 1:::T.I 
RE: Ccln~:ret  e P i p e  Handbuol.::, AC:PA, 1 9 E j E 3 ,  C : h a p t e r  4. 
_-  ----- -__- ---.... --- -------,-._" ----,--- ~ . " " . . .  . - -  --.-I"----------------- --_--- _- ------ _ ___-------------------------.---.,-------" ....--------- --------------- 
INPUT DATA: 

P I P E  F?EC:OHD NO. il. 
L I X  a t  i un : STA 47.+(:)(:1 
P i p e  material:  r c p  
I n t e r n a l  P i p e  d i a m e t e r  (:Dl: 18 I n  
Wall t h i c k n e s s :  3.75 I n  
O u t s i d e  Diameter Ed:) : 2 "  13 ~t 
H e i g h t  o f  [ :over  (:H:): 1U. 5 F t  
I-' - - .~-~ef  f i c  i e n t  111f F r i c t i o n  C u : i  : (I . tS 
K L I  : 1 '3 2 .I. 
b:: : (1) " 3:: 
S e t t l e m e n t  R a t i ~ : ~  l r s d : ) :  0 . 7 
F'rl:~.je~:ti~:~n F::at i t 1 1  = 1 
S t z t i l  d e n s i t y  ( w : ) :  1.1.i:) PC f 
T r e n c h  E c d d i n g  F a c t c t r  CEf:): 1 . 9  
L o a d  F a c t  clr P a r a m e t e r  5;: N: <:I . 7~:)7 

X : Cr . G39 
S a f e t y  F E ~ ~ Z ~ O Y  (SF:):  1 -_-------_---_----- - -II--.-------------------l-l--" ---------- - -......* -.-.-...-..---- ------- 

LIVE LOAD ON EFFECTIVE PLANE AT TOP OF PIPE 
r:r i t  i I: a1 HS-2(:) l orgad i ng c o n  f i g ~ t r  a t  i o n  
P = P ~ x ~ i n t  l clad .= 

I F  = I m p a c t  falztl:lr - 
L = L e n g t h  tz~f p l a n e  - 
W = W i d t h  0 . f  p l a n e  = 
P a v g  = A v e r a g e  p r e s s L [ r e  a c t i n g  ctn p l a n e  

= P * I F / W / L =  
s = E f f e c t i v e  w i d t h  = 
W t  = A c t i v e  w e i g h t  1317 p i p e  = P a v g  * I... .K. 5 

L e  = E f f e c t  i v e  si[ppc:trt: i n q  1 e n g t h  o f  p i p e  
= L -I- 1.75 .H- t:.75 x d:) := 

LL = W t  / I.-e = 
----------------------------..-* -..- ..-..-- ---------- "-.-" " 

€36 1:'s f w  
2. 13 F t  

-- -- 4,251 L b s  

. TRENCH CONDITIONS: 
DEAD LOAD (:DL:) (1 I:"y. 4-4  5 : 
Mimimum T r e n c h  LJidth  = 3.4& F t  
I::~:~mpute t h e  t r a n s i t i t z l n  w i d k h  fl:~:lr t r e r i c h  1 1 ~ 1 a i i i n g  =: pl:l:.;itive 
p r c l . j e c t i n g  l c l a d i n g  1.1sj.ng F i g .  4.1!, p a g e  4.--17? 

r s d  .? P = S ~ ; t t l e m i z n %  ii. F ' r ~ s . j e c t i ~ : ~ n  r a t i13  =; (3 . 7 
H/d = H e i g h t  c ~ f  c~z tvur  / d i a m e t e r  = 4. 9 4  
I_:I: E= L I : I ~ ~  c ~ : ~ e f  i c  l e n t ,  pv5i. l ;  ive I J ~ c I . ~ P , : ~  ~ I Z I ~ ,  :::: 7.73 
T r y  T r a n s i t i o n  l d i d t h  i ; t w )  := 4 , 9 1  F-t 

,j .. 2.s 1:: (J ' .%I..{ / t I := (1) " 82 
e r ,- --. (: 1 -.. e !>; p (: -j :) :) +. t w ."2 / i' 2 * k: ~t :) - 1:: %. c j  "'" 2 - 0.00 

De.::igri 1-Jidth ! 'b) = 4.'31 F-t 
11: ij = ( 1 -- ~2 y; p - 2: +, h: 1-1 ' +: 1-1 / b 1) :I / ( 2 + I:: 1.1 ' :) = 1 . 4 6  
131- .. I::& .% w a b."'.2 =. 4, '321 Lb5'L.f 
TOTAL LOAD i:TL:) : 

TL.. = 1-L + Dl.. = c' 085 Lb.;/L..f 

M IN I MLJM F:EC!I.J X RED P PE STI?EN13TI...I ( 4-57 ..-. ;1-.--E8 :) : 
S a f e t y  F a c t o r  \:SF:) = 1 
Eedd i n g  Fal: t I : I ~  (F3lr:, -- 1 . '3 
I)-1 ...Q AD = TL- / HF: ,' (!3/12:) =: :I. ,8i:)C) L.b:; /Lf/Dia.Ft .  



DEAD LOAD (DL1 : 
H/d =: 

CC: - Laad cisef i i ~ i e r l t ,  p o s i t i v e  ~:,ro.ject i o n  = 
DL = 13'~; j+ w * d""'7' .... = 
TOTAL LOAD i: TL 1) : 
TL = LL -I- DL = 
11 I N  I MlJM F.:EBlJ I RED F' I F'E STRENGTH (4--67 .- 4-G8 1 
Sa fe ty  Factor  CSFS = 1 
Lc~ad Fal: t or  (LF:) : (pg 4-63 - 4-64> 

LF = 1.43 i / i N-xq 
Where: N -1: 0. 707 

:I; = 0. 638 
q = pK/@- (:H/d+p/2;) = (1). 22 

LF = 2 -54  
D-Laacl - TL / LFjc SF / (D/lZ:) = 1,350 Lbs/L f /D ia .Ft .  

--_---__-_-_.--.--- __-- ------- - ---.-.-----.-----.----------.---------- ----------*---------- 

Fclr d e s i g n  use t h e  g r e a t e r  o f  D-Loads f o r  t rench  and p c ~ s i t  i v e  
p r o j e t z t i n g  cand i t  ions, 

1  , 808 Lbs/Lf /D ia .  F t .  
-....-----.--- ------."..-- 



'3TH STREET MAJOR TRUNt::: STOI?M SEWE-:F: E 1::: 3 (1) '3 7 
C:ONNEC:TOF: P I  PE !::At-CULAT I ONS 7 , / 2 2 / 3 1  

LOADING ON RIG1 D IZONCRETE PIPES. E J F  / P::M 
RE: C c t n c r e t e  P i p e  Handbaol.;, AC:PA, 1 9 8 8 ,  C h a p t e r  4 .  -_-_-__ ------------. ------.----* --..-.--. -" -----" .--,,.--.- ..,-" .--.,-.-------.----.- ---------.------ -_----__-__---_ -----_-.----...--..- ..-*l---" -.."...-.... .I- ...-.".--...--.-----" -..." -.-.--.----------.---- 
INPUT DATA: 

PIPE RECORD N t l .  e L* 

LCII:: a t  i 13ri  : STfi 43+i:)(:i 
F ' ipe  m a t e r  i a l  : r c FJ 
I n t e r n a l  P i p e  d i a m e t e r  In:) : 18 111 
Wall t h i c k n e s s :  3.75 I n  
O u t s i d e  Diameter Cd> : 2. 13 F t  
H e i g h t  u f  Cover  IH:): 11  F t  
C:oef f i c i e n t  o f  F r i c t i o n  (u:) : i:) . E 
!<LI : 0.  1'324 
t::: : (1). 32 
S e t t l e m e n t  R a t i o  S r sd : ) :  i:) . 7 
P r ~ : ~ . j e c t i s n  R a t i o  ( P I )  = 1 
S c ~ i l  d e n s i t y  Q w : ) :  14iI F'cf 
T r e n c h  B e d d i n g  Fat:t~:~r (Elf:): 1 . 3  
Load F a c  t C I ~  P a r a m e t e r  s: N: (11 7'i:)i 

.. . .(. . 6. G 3 9  
S a f e t y  F a c t o r  (SF:):  1 

--------------------------------------------------------.---------------- 

LIVE LOAD ON EFFECTIVE PLANE AT TOP OF PIPE  CLL:) CPg . 4-38  - 4--43:) : 
C : r i t i ~ : a l  HS-3:) 11:aading ~ : o n f i g ~ l r a t i * : : m .  
P = P c ~ i n t  l c ~ a d  = &..I. 8 , 0 (1) i:) L.b s 
I F  = I m p a c t  f a c t o r  = 1 
L = L e n g t h  o f  p l a n e  = 2:4. (:)a F t  
I.J = W i d t h  I : I ~  p l a n e  == 2 4 , a 3 2  ~t 
Pavq = A v e r a g e  p r e s s ~ . i r e  a c t i n g  cln p l a n e  

= P * I F / 1 . J / L =  t 3 0  P s f  
s = E f f e c t i v e  w i d t h  = 2 . 1 3  F t  
W t  = A c t i v e  w e i g h t  t:tri p i p e  = Pavg i+ L s = 4 ,  1 0 3  L.bs 
Le  = E f f e c t i v e  s u p p o r t i n g  l.engt17 o f  p i p e  

= 1.. + 1 . 7 3  * c.75 * d:) = 2 0 . 8 7  F t  
LL = W t  / L e  = 1 5 3  1 -bs iLf  

------------------- -- -.---. --- ---- ------- --.-.---..---.-. - .-..-...-...-..-. -.-" ---" .-...--...- ---------- 
1 . TFlENCH C:C)ND I T I  ONS: 

DEAD LOAD (DL> (: Pg . 4-4:) : 
Mimimum T r e n c h  Width  = 3.616 F t  
C:~:~mp~lte t h e  t r a n ! s i , t i c ~ n  wid. th  .f~:~r t r e n c h  I ~ z ~ a d i n g  =: p ~ : : ~ s i t i v e  
p r o . j e ~ : t i n g  l o a d i n g  u s i n g  F i g .  4 .  1 i 1  p a g e  4-.-17,, 

r s d  * p - S e t t l e m e n t  .#. F'rm.jje~:t ilm I-at i l : : ~  = (1) . 7 
H / d  = H e i g h t  I: I~  c o v e r  / d i a m e t e r  =: 5.18 
I::I: = L I : I ~ ~  CI:I@.~ i c  l e n t ,  P I : I . L ; ~ ~  i v e  p rc~ . j e i : t  i ~ z ~ n  =; 8.15 
T r y  Trans i t ic l l - r  Wid th  i:?tw:) - 4 . 9 7  F't 

.j = a.%l.::u~ * l . d / tw  2 (1. 85 
e r r  = ('l-e!,;pC--,,j:):,.#.tw..'.-2/(:2+~::~,[:)--C:~:.n.~l~"':~ ::z (I! . (:!(It 

D e s i g n  Width  (:h:) = L$. 47  Ft 
Cd - (l-.e:i;p(-2;.:.I..:~~~*I-.l/b:t:),'r:2*.I.::l.~~ :t = 1 . 2.4 '=I 

DL I Z : ~  .% w 3- tj.",;: .L: 5,155 !-bs/Lf 
TOTAL.. LO/ID C TL : 

TL = L.L J- DL. = c r-', .- r, 
.--I 9 L.'l,,)c> L-tls/L f 

MINI MUM IIEQlJ 1 /-'I F'E STF:ENG-rI.d (4 -67  -. 4-.-i-59 1) : 
S a f e t y  Fal:tor (:SF:) =: 1 
Eedd i n g  Fan: tl::lu (BF:) - 11 u '3 
D--L.OAIl = T'L. / BF * SF: / ID/lltl:) 1 , 9 0 0  L .bs /Lf / I l i a .F t .  



2. PUS I T  I VE PRO JEC:'r I O N  I I : ~ N D  1 7 - 1  [jl\lS i: 4- 12, 4-- 17 1) : c- 25 
DEAD L O A D  (DL:): 
ki/d = 5. 1 8  
I Z ~  = 1_1:1ad ~: l :~efi l : : ient ,  p 9 : s i t i v e  prct.je,:.l-it:~:ln =E 8.  15 
DL = C:,: -E. w + d."2 = 5,155 t b s / L f  
TOTAL LOAD (TL:) : 
TL = LL -I- DL = c' 

LJ, 3 0 8  Lbs/Lf  
M I  N :[ MLJM F:EQIJ I RED P I F'E STRENGTH (4--67 ...- 4-68  :) 

S a f e t y  F a c t o r  (SF:) = 1 
L~=tad F a c t  ctr (LF :) : (:pg 4-63 -.- 4-64:) 

LF = 1.431/t:N-xq> 
Where:  N = r:) . 7 (1) 7 

:I; = 0 .  633 
q ;- pl.:::/C:l:i:H/d-p/25 = (1) . 22 

LF = 2-53 

D-Lc~ad = TL / LF* S F  / f D / 1 2 )  = 1,400 L b s / L f / D i a . F t .  
__------_-_-- _-- __----------.--.------------------------.-.--.-------- .... --...-.---- ----- 
F u r  d e s i g n  use t h e  g r e a t e r  l:lf D-1-~ads fctip t r e n c h  ancJ p o ~ , i t i v e  
p r u . j e c t i n g  c ~ : t n d i t i c ~ n s ,  

D-Load = 1 *3(:)<:) L b s / L f / D i a ,  Ft. 
*-----.-.-.-- -- ..- - - - - .- .- -- 

_ _-----_----_ -- -.-- - -.--.----~--~--,-.-..------~-.------.--.-..-----,.-.--..-~--- " -,---.-------.-,--- -- ----- -----..-------."" --.- - ,....-."..-.-.--..--. -.----..- -.-..---._ ^.*" ......--.-..- ̂ ......_..-.-..a-e-- -----*------------.-- 



5 1 1 . 4  STREET MAJOE TFYJNI::: STOI-:PI SELJER E I-::: 3 C, 9 7 

C:CINNEC:TUR P I  F'E CAl-CLJLAT I ONS 7 . ; I .... '7.7 >.. , : 5 1 
LOAD 1 NI; ON R 11; 1 D C(,lNIZ\IETE 1" I l='ES. I3 J F /' K.'M 
RE: C c l n c r e t e  P i p e  I-iandbs~:~b::, AC:F'R, 1.98E3, C h a p t e r  4.. ------------ -.-. ----------.- .--- -.----------- ---- ---.-*- ----- --- --.---------- -- ---- 
- - - - - - - - - - - - . - - - - - - - - - - - - . - - -w - . - - - ,  .".---.----" --,-- -.--* ---..- "--.-"..-"-., ----- -.- .... ..-"-"--- ------ --..---- 
INPUT DATA: 

P I P E  F?EII:ORD NO. 
L o c a t  i o n :  STA 37..1. 0i:i 

P i p e  mater i a l  : 7 c p 
I n t e r n a l  P i p e  d i a m e t e r  CD'): 
Wal 1 t h i c k n e s s :  
O u t s i d e  D i a m e t e r  (dT : 
H e i g h t  u f  C:ov~;r (i-1:): 
C : ~ : ~ : l e f f i c i e n t  # s f  F r i c t i i ~ l n  I 'u )  : 0.6  
1::: L\ : (1). 1 9 2 4  
K : (1) . 3.2 
Set t 1 e m e n t  E a t  i u  Cr sdl : 
P r o . j e ~ : t i ~ a n  R a t i o  (p:) = 1 
Soi l  d e n s i t y  ( w ) :  P c  f 
Tuenlzh  B e d d i n g  F a c t o r  ( B f ) :  ?. . '3 
L o a d  F a c t  c ~ r  F ' a r a m e t  ers: N: i:) . 7 i:) 7 

!/: : c1).ci3E ,' 

S a f e t y  F a c t o r  (SF: ) :  1 

LIVE LOAD ON EFFECTIVE PLANE AT TOP OF P I P E  (LL:) ( P g .  4 - 3 8  - 4-43:] : 
I:riti~:al 1-1S-2(:) l o a d i n g  ~:~:~~-~f ig~tra t i~: : l l . .~ .  
P = F'l-~int  1 o a d  -- 48, i:)i:)i:) 1 - b ~  
I F  = I m p a c t  f a c t ~ r l r  = 
L =. L e n g t h  of p l a n e  =: 26. 70 I-til) 
W = W i d t h  u f  p l a n e  = 2 7 - 5 4  ~t 
P a v g  == A v e r a g e  p r e s s t . t r e  a c t  irsq 1:1r1 71 arie (-23 

= . * 1, /[M % L)=: (55 PsfL-  
s = E f f e c t i v e  w i d t h  = 1 . 83 F t  P.:j -. 

W t  = A c t i v e  w e i g h t  on p i p e  = Pavg .% L. r = @*@:J@ -.-3,177 1-bs 
L e  = E f f e c t i v e  r s u p p c l i r t i n g  l e r r y t h  o f  p i p e  

= L + 1 . 7 5  + i:.75 .E d:) = ~ - 3 "  ,- 11 F t  
LL =: W t  ./ Le = 1 0 '3 L. b s i' L f 

-..-. -.--------.-.------------ -------------- ...., -- ..... - --.-.--.--------...-.,- - .-..--,--,---------* ----- 
1 . TRENCkI IZ:nl\lD I T  I ONE;: 

DEAD 1-OPiD (DL:) ( Pg. 4-4:) : 
M j. m i m ~ . t  rn ?" r en c h l.J j. d t 1-1 = 3.17 F t  
IZlsmpute t h e  tran:si.l;it:~r7 wi i l t l ?  f o r  t i-ent:h !,:taidj.ng ::= p1 : : l s i t i ve  
p v c l . j e c t j . n g  l o a d i n g  ~ . t s i n g  F i g .  4 . 1 1 ,  paqe 4 - , I 7  ? 

r s d  .ji. p .z S e t t l e m e n t  3- Pri:~,jet:til:~~l rai:i~:; ::< (1) . 7 
H/d - I - l c i g h t  ~;tf 1::clver ./ diarnetc.; .r  r-- 6.82 
121: .I !..a a d  I: e f i I: i en 2; , p 13 i %' i ve I:, r- I;, .:j 3 l:: .h i. I::, i.i :::: !(I). 7 4  
T r y  T l - a g r ; i t  j.~::ll-: LbJic!tt-~ ! : tu:)  =:: 4. 6 4  F t  

,,j z 7:. , * 1:: LI ' ++ H / t w := 1 . i34 
er)- =. i : i - - .exp(- , j : )  : ) w . t ~ , " . 2 / ( Z + [ : : ~ ~ : )  -...C:l::acJ,.'..z; z C! . !:) (1) 

D e s i g n  W i d t h  Cb:) = -:I " 1-5 a:$ !: t 
C:d - ( 1 -- e y; p ( -- 2 *. I.:: I-( ' +t 1-1 /I b :I :) .;/ (: 2 *. 1.:: L[ ) :I 2.' 1.. 68 
DL = Cd .#. ',, .x. b .".'7' := 

A- 5 ,  i:j54 L b s / L  f 
'rC3TAL LOAD i: TL 1) : 

TI- = LL ..I.. DL = 9 ,  163 l..bej/Lf 
M I  N J MLJM F:EELJ I P 113'15 STRENfiTt-1 i: i5-.-137 ...- .:5--EL3 :J : 

S a f e t y  F ~ I : ~ I : I ~  (SF:! =: 1. 
R e d d i n g  F-acl;':,r i:EF:) == 1 . '3 
I?-.-1.-OAI:) -: TL / DF w. SF: /' (1j/j,:?:! =:: ;:..2:C!i:t L . b . r / ' L f / n i z \ . F t .  

-.----...-.- *.-.------ --.---------.--- --.- --.,-,-...---,,- ..-...-. .- ....... - ... " -.......- " ".- .-- ---.- 



2. fZ,C)S]:TIVE F'F:('JJEC:l-PTJN l:::ON[)IT'J:Q/\lS (:;:I .-...l'-' A. \. 4-...1"' ,' > z c*  & 
D E A D  LOAE (:DL) : 
bj ,/ :z 

I=IZ - L~aad ~ : l . s e f i c i e n * ,  p,:~<;it;.i\,,c p r o . j e c t i ~ : ~ n  - 
DL. Z: 1::~ .* w *. d.'":' .... ;: 
TOTAL L-OAD (TL:) : 
TL = LL -1- DL = 
M I N I  MUM I?EBU 1 RED 1-1 1 PE !';-rF.:tENGTH (4-67 -.. 4-53 
S a f e t y  F a c t a r  (:SF:) =-- 1 
Load Fac  t ~ s r -  (L-FS : (pg 4-63  - 4--04:) 

LF = I .  4 3 1  / CN-xq:) 
Where: N -1: (1) . 70 7 

:i; = 0 .  633 
q - pt</C:cCbl/d-l-p/2:> = c‘,. 22 

LF = .- 2.52 
D-L~~tacl = TL / LF* SF / 1D/12:) = 1,650 L b s / L f / D i a . F t .  

-------------"---------------------------------------------.--------------- 
Fclr d e s i g n  use t h e  g r e a t e r  o f  D-Loads f o r  t r e n c h  a n d  p o s i t i v e  
prl:t.jel:ting t:~sndi%il-lns,  
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.Ei 
Lq 
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II 3 r 1 1 1  ILI 
11 m o o +  
I1 = *  0 2 I 
ll U L  
11 r l -mr-rt 
11 111 z n -t 
if 3 GI --I 3 
i i n  m m  
II -( o x m  
1 1 m z  --I 
ii r+ a 
il .T ++ 2 
ii t i D D  
1: -g n m 4 
it r- U 

u 0 1 3  

I E D 
it 1 : i r - I  
ii Z E l  !7 32 
I1 2 z c c  
I1 i 0 r Z n 3 D -. 

5 @ r. 111 
a3 r i .  

I- rn 



.. '. 
2. F'DSITIVE F=dF:nJEC:-rIar,l C:ONDITIOI\IE; i-~.-~l; :I.-.J.~:I :. c -  7' 

DEAD L.nm cnL:) ,: 
I-f/d = 
Ct: = LI-lad ~ : ~ : ~ e f i ~ i ~ ? [ - ~ t ~  ~ ) 1 5 ~ i t i v e  l:)r1:1.jt>~:.ti~3l; =: 
DL = ,Zc * $,, *, <j..'..s' -. 

4- - 
TOTAL LOAD (:-rL:) : 
TI- = LL  -I" UL = 

I M 1 N I MUM F.:EQU 1 F:ED P I FE STRENGTH ( 4--t37 4--.[28 1) 
S a f e t y  F a c t o r  (SF:) - 1 
L~rlad Fa!: t o r  I L.F 1 : ( p g  4-62 - 4-64:) 

LF = 1.43l/(N--:/:y:) 
Where: N =Z 9. 707 

:I; = (7.638 
q = pb::/C:c (fJ/di-p/2:) = 0.22 

I LF =. 2" 52 
D-Load = TL / LF*. SF / CD/125 =E 1,900 Lbs /L f /D ia .  F t .  

-__-------__--_----------------..----..--.--------.--" -----------.-------------..---------- --- , Fclr des ign  use t h e  g r e a t e r  ~:lf D--1-oads fotr  t r sn l -h  and p c l s i t i v e  
pr~:t.ject i n q  c c ~ n d i t  i c ~ n s ,  



9TH STFEET MAJOR TFIUI\II::' STDIG:M !I;EIJEI? [= I.::: 3 (113 7 
r::ONNECTC)R F'I F'E CALC1JL.AT I DNS 7 / .7 .-4 / *-. , . &.Aq, 3 1 
LOADING ON RIGID CONC:RETE P I P E S .  EJF/t<M 
RE: C : o n c r e t e  F i p e  I-.lancJb~:~ok~ RCF'A, 1988, C:tlaptel- 4. 
_____I_____-___-.__ ------.--------.---------," -...----.,-. ".--" -....-.- *---.. ---.. ---------------.-.--------- __ -_____-_____-__  -------------.....--- .--.....--_.....- " ---..-- " " - "  -"..-..- "---------._.-.----.--------- 
INPUT DATA: 

P I P E  EEC:OED NO. 8 
L i z t ~ a t  ilz~n : STA 3~..r-21, 4 5  RT 
P i p e  mater ia l :  r c p  
I n t e r n a l  P i p e  d i a m e t e r  (:Dl : I 5  I n  
Wall t h i c k n e s s :  m c s . . ~  I n  
O u t s i d e  Diameter ( d ) :  1 . 3 3  F t  
H e i g h t  o f  C o v e r -  (ti:): 1 4 . 5  F t  
C o e f f i c i e n t  o f  Fr i t z t  i1::tr-i (:u:) : (1) u E, 
1.::: u : (:)" 192.1. 
K : 0. 32 
S e t t l e m e n t  R a t i o  ( r s d : ) :  0 . 7 
p r u . j e t : t i o n  R a t i i : ~  ( ( p )  = 1 
Soi l  d e n s i t y  ( w : ) :  j.4i:) P c f  
T r e n c h  B e d d i n g  Factl:lr ( B f  1):  1 . 9 
L o a d  F a c t o r  P a r a m e t e r s :  N: r:) . 707 

x : 0 .  t-, 38 
S a f e t y  F a c t o r  (:SF:): 1 

_---_._- __---- _--" ---------.... _.._ .-,.__-.-_------" - - . - - - - - - - - . - - . - .  ----- --- ..---- -------------- 
LIVE LOAD 01\1 EFFEC:TIVE PLANE AT TOP OF P I P E  (LL:) ( : p i ~ .  4---"13 3 -- 4-43:) : 

C:r  i t  i c a l .  H S - 2 0  1 clad i n g  c o n  f  i g u r a t  i o n .  
P = P o i n t :  1 c:~ad = 48,  8 0 r I  L-Gs 
I F  = I m p a c t  fa l : tnr  = 1 
L - L-ength  of p l a n e  = .y. - ,, i") . 2 (1) F t 
W =: W i d t h  I : I ~  p l a n e  = 31. ( I4  F% 
P a v g  = A v e r a g e  p r e s s u r e  a c t i n g  or] p l a n e  

== Ff .E I F  / W / 1.. = 51 F'sf  
s = E f f e c t i v e  w i d t h  = 1.E33 F t  
Wt-  = Al: t i v e  w e  i g h  t I:II-I p i l:,e = F'irivg .# I". * 5 = 2 , 8 1 ' 3  I...hs 
Le = E f f e c t i v e  s u p p o r t i n g  l e n g t h  o f  p i p e  

= L + 1.75 .h= ( .75 a dl) = 32-61 ~ t ;  
LL = W t  / LP " a€ 1-bs/Lf ---__-_--_ -.- -.__.---_ ___-..- -.----------- .--" -----..-..." ..-.... " -.-..-.-..-..-..-.. _ ,--......--.. " -.----------------..--- 

1 . TRENC:I-.I C:OND I T I  ONS: 
DEAD L O R D  c DL-:) ( Py . 4-4 5 : 
Mimimum T r e n c h  W i d t h  = 3.17 Ft: 
Compt-rte t h ~  t ran . - i i ; : i . on  w i d t h  f1:w t r e n c l i  l c ~ a d : i r ~ g  -': p ~ ! : . i t i v e  
~ : ~ r o . j e c t i n q  l o a d i n g  ~ t s i n g  F i g .  4. 11, p a g e  4-.-17? 

r 5d .i+ p = Set t 1 e f n e n t  36 F'r 1:l.j el:: t i r a t  i ,::I .-- (3 . 7 
H/d = H e i g h t  ~:tf cl:lver if d i a m e t e r  = 7. '31 
!::I: = Li:~:lad I : I : I ~ ~  i , : i e n t ,  p ~ : ~ s i t i v e  pyo.jpi:.l;il:~n ::= 12.46 
Tr ) /  T r a n z i t i o n  W i d t h  < : + l w : )  =.: 4.315 Ft: 

.j = 2wk::u f .i+)-l,/.t w .-- 1. ?.!5 
e 1- .,. .r ( 1 -- e !,; ( - ..j :) :) *. t ,&.'.. .' / ( .? * 1.:: .) "...I-. C *. d ..'.. .;l . 

.L. 4.. . -. .- 0 , (1) (1) 
D e s i g n  W i d t h  (:bl = 4 "  86 lrt 
c ,-J = ( 1 -. e !,; p (: - 2 1:: L\ f *./-I / /-J :) 5 / <: 2 +:. 1.:: i.1 :! :z 1 . 7 7  
DL- = I Z ~  .K- w .* b ..;.2 ::= 5 ,  : 3 ~ : 2  L ~ S ; L  f 
TOTAL L..tIr?D (: TL. :) : 

T L.. - 1.- L .-I- DL.. = 5 , 9.1 8 1.. L-1 E? L P 
MINI MlJM REQUIRED p I F'E, STI?I~P!l~-r1-l (: 4-67 .-., 4--68 :! : 

Sa f et  y F ~ I :  t I:I~ t: S F  rt 1. 
B e d d i n g  \--at: t o r  CEF:) := 1.3 
D--l...()AD =: TL- / EF + SF: / (l)/l:2:) z: r:? 550 !..bci/!...f / D j . a .  F t  . 



2. F:'C)S]:TI i)E pF:OJEC:T I UN C:@ND IT x@IqS (4-- 12,  ;+-.-I 7 >  :. 
DEAD LOAD CDL- :) : 
H i d  = 
CI: = 1,t:lad ~ r o e f i c i e ~ ~ t ,  p~:,sit-ive pro.ject.i~::tn = 
DL = Cc .# w .# d.".'? - z z  

TOTAL LOAD CTL:) : 
TL = LL + DL = 
MINIMUM REQUIRED PIPE STRENGTH (4-67 - 4-68:) 
Sa fe ty  Factor  (SF:) = 3. 
Load Fact I:I~ ILF:) : (: pg 4-63 - ,:c-&~$ :I 

LF = 1.43i/CN--!/:q:) 
Where: N : [I) . 7i:) ? 

:I; = i:). 6353 
q - pl.:::/C:c (:I-I/cj+.p/2:) == - .:,.:. C) . .:.*L 

.:, c.:. LF = .,.- . -8 .+L 

D-.Load = TL / LF* SF / (D/12:) = 1,'30(:) Lbs/Lf /Dia.Ft .  
-__-_____-_____--__ ------------ ------ "--" -------." ------------. - .-.---- ------------- 
For design LISP t h e  g rea te r  1:1f D-Loads; f o r  t r ench  and p c ~ s i t  i v e  
pro . j ec t  i n g  1~1:tndit ions,  



I 'STI-1 STREET MAJUF? Tr;:Ut\fJ.::: STOfi:l'l SE[.ll:li 1::- ..- 1:: .\-) '7 t-, .. *> 7 
C:TJNNEI::TTJF;~' P I P E  C:ALCULAT'I C,NS 7 ,/ 2: 2 />' r i J  1 

L-OADING ON R I G I D  C:@NI,:IIETE P I P E S .  E:,JF/t:!'M 

l; F:E: C:l:~ncrete P i p e  t-iandhsob::, AC:PA? i138S, ~ Z h a p t e r  4 .  _ _  -__-__ _ -___. _ _--_ __ . . - - . - - . - - . . - ~ - - - - - . . . . . _ - _ _ _ -  -.-...--.....-.--- -..-.-----------.--.-----.----- _ _ _ _ - . _ _ _ _ _ _ " _ _ _ . _ _ _ _ _ _ _ _ _ _ . . _ . I _ - . _  .._." _ "  .-.-_ ̂  -..,_"."._....- *-" -I.." -.-.--..-.-............,.- -..-..-.-.---------I- .... -----I-.-..-- 

INPUT DATA: 
PIF:'E REC:ORLl NO. 3 3  

I- Lt:t~: a t  i o n  : ST& ~i:).t-s(:, 
P i p e  mater i a l :  r I: p 
I n t e r n a l  P i p e  d i a m e t e r  ( D l :  15 I n  
Wall t h i c  l.::ness: 3 . 5 11-1 l; O u t s i d e  D i a m e t e r  ( :d:) :  1.. 83 Ft 
H e i g h t  ctf I1:over r:ki:l: 9.5 F t  
C c ~ e f f i c i e n t  111f F r i c t i o n  lu:i : (1) . 6 8' 1 : : ~  : 0. 1 '324 

i E:: r (2.32 
S e t t l e m e n t  R a t i n  Crcid:): 0 . 7 1' prl:t.je~:t i~ :~n  laat c:p:j = 1 
St:~il d e n s i t y  i:w:): 140 P c f  Gd kt( -z, 
T r e n c h  B e d d i n g  F a ~ : t ~ s v  CX3f : 1 . '3 
Load F a c t  clr F'ar amet e v s :  N: (3 . 767 

1. i' !I; : t:) . 6'38 
S a f e t y  F a c t c t r  (SF:!: 1 

._-____- -"-_--._-____--1---_--------.,_------*-.----~-----...~--"--~-,~-" ---..,----.-...--,..-..----.---..------- - 11- 

I LIVE LOAD 01\1 EFF-EC:TI'/E F"LANE AT TOP OF: PIF'E (I-1.:) (["GI. 4--38 -.- 4--43:) : 
I Z : r i t i c a l  HS--20 l o a d i n g  I::l:rnfigurati~:rr?. 
P = F ' c l i n t  l c ~ a d  =: .:I 3 , r:! (1) (1, L. 
I F  = I m p a c t  f a c t ~ z ~ r  = 1 

d L = L e n g t h  t:~f plant .  ::: 21.,:45 ~t 
W = W i d t h  I : I ~  p l a n e  = 22. 29 /rt 

1.4% P a v g  = b v e r a g e  p r e s s u r e  a c t i n g  .:in p l i i n c  
6, := P * I F  ,I@ * L)= 16(:) F5.f 

s = E f f e c t i v e  w i d t h  = 1.83 F't 
W t  = Al:t i v e  w e i g h t  !:an p i p e  - Pavg 3. 1.- 3. .._ .:- == 3, ' ij2~ L - ~ S  
1-e = E f f e c t i v e  ~.,t . l] .?pcli-ting l e n g t h  ~::lf p i p e  

= L. + 1.75 3- C.75 :K. d f  :- 2.3. $36 Ft 
LL.. = L.lt / L.e == 165 l..bs/Lf 

1 . TREI'\ICE-I II:ClND I T I UNS : 
DERD L-DAD ( D L  1) (1 I='Q 4-4 :) : 
Mimimum T r e n c h  W i d t h  = 3.17 F t  

1 Iztsmpute t h e  t r a n 5 . i . l ;  iazirr w i d t h  f a r  -I;renl:h loading - pr:l:lsitive 
p r0 . j~ .~11 : t inc~  1 ~ 1 a d i n g  u s i r l g  F i g .  4. I ? ?  p a g e  4 - 1 7 ,  

u s d  ++ 17 = C;et.l;leinen'l; ++ Prt:~..je~:t-i~:~ri ratit:, = 111 . 7 

1'; H i d  = H e i g h t  of cover  / d i a m e t e r  = 5. I t 3  
CI: .- I-12ad ~ : ~ t e f  i~: i i s l7 t  p ~ : t ~ i Z ; i ~ c ?  pr,:,.jei::t il:lr1 r~ 8 . I 6  
T r y  T i ~ a n s i t i ~ s n  l.sJicjth i : t w : )  - 4.23 F-t 

.j = :?*} : : (~)++fJi / tW 2: !:I. 85 

1, e r r = (: 1 -- e :,.; p (: -... .j :) ) + t ?,I '3 /' !: 2: 1.. L, 5 -.- 1:: I:: .x. d ". 2: E= (1) c) (1) 
I3 e s i g r: l.4 i d .t h !: h :) -: .I.. 23 !-t 
Cd = i : 1 ~ - ~ ; ~ p ( - ~ ~ I . : : 1 . : ? . k ; . l - { . : / b : )  :),!i2%k~.l~ :) z d u  1 tl.a;g 

D L  = 1Z.j .* .* t...".":' ..-. 

1, 
*.. 3 , 8 4 1  L b e , / L f  

TDTAL l_OAD i:TL :) : 
TL - I..L. 4- DL.. =. ~::1. , 0 (1) 6 !.. b 5 /,' L.- -f 

M I  N I IY1JM /?I_Ql! I P I P E  $-rIxENGT I..!: ,:7-67 -- s.$...-69 :! c u E;a f et y t I - I ~  !:SF :) =:: 3. 
Bedding Fac t11 j r  (EF) := 1 . '3 
D--L_C),21r) = TL- / EF .ir. SF / ( D / 1 2 : )  -: j,,;7\:li:) !-.Cj::./L.f/Dj.n.Ft:. 



<+ 
2. PC)SITIVE F'EOJEC:"I"ION C:@NDI-rIC)NS <G$-?~L::, ;1.-.-17 :) : - 9  

D E A D  L O A D  (:DL. :) ; 
H/d = 
-. I-.I: - L ~ z ~ a d  ~:i:~:lef i c i e n t ,  p l :~ : ; i t ive  12ri>.jei:.ti1::1(7 2-= 

I)L = C:,: * w * d.".'::' A- -- - 
TOTAL LUAD CTLI : 
TL = LL +. DL = 
MINI M U M  REQU I RE11 P I  F='E STF:ENGTFi (: 4--G;7 -- 4--63 :) 

S a f e t y  F a c t o r  ( S F )  = .I 

L o a d  Fat: t o r  (: L.F : ( p ~  4-63 - 4-54 :I 

L F = 1 . 4 3 1 / (: 1\1 -.- :I.; q :) 
W h e r e :  N ;:: 0 .  707 

.$/; = 0 .  639' 
q = pt:::/C:clt..l/d+p/2) = 1;) 2 2 

LF = 2.53 
0--Lclad = TL / LF* SF / (11,' 12:)  - 1,300 L b s / L f  /Ilia. F t .  

---------------------------"...-----------------------------..-------------------- 
F o r  d e s i g n  u s e  t h e  g r e a t e r  u f  D - L o a d s  for  t r e n c h  and p ~ : + s i t i v e  
p r~ :~ . j e l : t i ng  ~ ~ = ~ n d i t i c l n ~ ,  



-3TH - STIIEIET MAJOR TI:?UI\Jt::: S-r[]lTt.1 SEWIZR C 1 ::: 3 (1) '3 7 

CCII'JNEC:TOR P I P E  1::ALC:ULAT I ONS 7/22,/331 

LUADING ON R I G I D  CONCRETE fz'YF'ES. EJF/t:::M 
HE: C : o n c r e t e  P i p e  t4anclbuak, A I Y A ,  1968, C:haptei r  4.. ____-____-_-__-__-_- - - . - _ * - . . - - . .  " .-------.-.-..-.-. "-.-----.---..------------------ 
__-I__ __.____._____ -..-" ------------.------.-.--*- * -_-.---------..-..-.---. -..-.-..-..-"-"-,.-"--..--------------- 
INPUT DATA: 

PIPE: EEC:aBD No. 1 i:) 
LO,: a t  i 111n : STA 26-1-(:)(:) 
P i p e  material  : ip c: p 
I n t e r n a l  P i p e  d i a m e t e r  (DS: 15 I n  
Wall t h i c k n e s s :  3.5 I n  
O u t s i d e  Diameter (:dl): 1 . 83 f--t 
H e i g h t  crf C:ct:l\,er (H:) : 11 F t  
~ Z o e f f i c i e n t  elf Frict i1:: ln (:LI:) : (1) . G 
I::: L\ : (11. 192.1. 
K : 0 . 3 2  
S e t t l e m e n t  R a t i o  ( r s d : ) :  (1) . 7 
Pr~:~.je~:t  ~ I Z I ~  R a t i o  (:p:) := ?. 
Soi l  d e n s i t y  ( w : ) :  1 &I. i:) PI: f 
T r e n c h  B e d d i n g  F a c t o r  I B f  :) : 1 . '3 
L o a d  F a c t  or P a r a m e t e r s :  N: (.:I. 707 

.,. . ., . (1.633 
S a f e t y  F a c t o r  CSF:): 1 

_---------..._--_----_-_l.---.--~,-------.---- - -  ----.... - ---- ---------- 
..I c 4. . L I V E  LOAD ON EFFElZT I VE F'LANE AT TOP OF P I  F'E i: LL S (F'q . 4--"3 -.- 4-4'5 

Cr i t  i c a l  HS-2(:) 1 ,:*lad i n g  c c ~ n  f i g c t r a t  i n n .  
P = P o i n t  11:lad =r 8 , i:) i:! (1) L ta s 
I F  = I m p a c t  f a c t ~ s r  = 1 
L = L e n g t h  121f pl.arie =: 24. (118 F t  
W = W i d t h  c ~ f  p l a n e  = ''.+.'32 ..- F t  

P a v g  = A v e r a g e  p r e s s u r e  a c t i n g  t:~n p l a n ~  
= F' * I F  / W / I... = 80 P s f  

s = E f f e c t i v e  w i d t h  = 1,83 F t  
W t  = Ax-t ivc w e i g h t  I Z I I ~  p i p e  r= F'c7vg .k: I.. Y. 5 :--- 3,525 L b s  
L e  = E f f e c t i v e  si.ippt:lrting l e n g t h  clf p i p e  .- = L + 1.75 GY! ( .75 .% d j  = 2 6 .  4'3 Ft 
LL = W t  / Le = 133 L b s / L f  

_^-I_._---__._^_."__"_..__.___.__"_.._ ..-.. _-_ -.._......_._--.._._. -...__._......-..." ^ _  "._ -.-..---..-...-. ---- - 
i . TREN1::t.I C U N D  I T I  O N S  : 

DEAD LOAD (Ill.> (: Fg 4-4:) : 
Mimimum T r e n c h  W i d t h  = 3.17 Ft 

I L L  : 1 . - . .  j.: . . .  C:~>,npc.l.t.e t h e  . t rar l : ; , i t ion <, j id . th  f - ' - -  . I.-! at. .% I I !J cz !:I ;:I s !. .k .i \/ E? 

p t - a . j e c t  i n g  11:lailirtg ~ . t s i r i g  F i g .  4. 11,  page 4-.1.7? 
rsc! *. p ::= Settlement .% Fro.jel:ti ,:~n raizi~::; - M 7 
k i / d  - l . f e i g h t  o f  c t s v e r  / diameter = & . i] (11 

- .  . 
I_:I: =. L . I : I ~ ~  c o e T : , : l e n t ,  p , s y s i . t i \ ~ e  pi-cO.j~1:2;i1::1n :-: '3.45 
T r y  T I - a n s i t i o n  lAJ id th  (tw:) = 4. 4.7 F t  

, j  - 2.&i::~\t . % H / t w  :- (1). 95 
e r 1- =: < --a y; p ( --.,I :j :I + t: ."'.2 ,/ ( 2 s. 1; Lt 1) -- C: c -x. ,-j . ."'.'7 ,,- ::: i:) . (1) (I! 

D e s i g n  W i d t h  (:kt! = 4 . 4 7  F t  
11:d = (: 1 --e :,.; (: -2; +, 1; 1.i -E bj,/ 1:) :) :) / i: 2 %. 1:: L\ 9 :) rz 1.. 53 
Dl.. = Cd *: w ;k tl"'2 z 4 447 k b ! 5 / L  f 
TOTAL L..C)AW (TL:) : 

TL = LL 4.. DL. :: 4, 5F3i:) L b c / L f  
M I N  I MUM REQUIKED F 1 $E STREI\IGTH (d.--GY ... c l  ..-;:rn2') du. u 

S a f e t y  f-aa:t~:ir i:SF:, = 1 
B e d d i n g  I -~I :~ ; I : I~  (RF:! ::: ?L . '3 
n-.-I.-(jAT:) -2:: TL / E!F ?Y. SF: ./ !:n,,/:2:) :-. 1.,9!5(:) L.b:;,'L. f / D i s . F t .  



2 ,  POSITIVE pEnJ'E1:::T]:i]1\1 ~::uNI]I-f'Ii:jI\js i:.ll.-l;:? 21.--175 : = -  1 0  

DEAD LOAD (:DL- S : 
H/d = 
C:c = Load ~ : o e f i ~ : i p n t ,  posi. t ; ivb? pr~sjel:.Lil:~r~ L:: 

DL = Cc + I,,I .#. ,-jd''.2 -- 
TOTAL LOAD (TL 1) : 
TL = LL + DL = 
MI N I MUM REQlJ I RED F' I FE STl;iENGTI.-I (: 4..-67' ..-. 4.-..c J .  8 .) 
S a f e t y  F a c t o r  ISF:) = 1 
Luad Faiz t o r  c:I-FT : (:pg 4-53 - ~..-EL~'I 

LF = 1.431/(N--xq:) 
Where: N = 0.  7r:)7 

;I; = (1). 638 
q ~1 F~: /CC (l- l /d+p/2:)  = <I). 22 

L F  = 2.53 
D-Load = TL / LF* S F  / (D/i2) = 1,500 L.b._; /Lf/Di; i .Ft .  

---------------------------.---------- ---- - -..-.- - -------- .... -------------------------- 
Fclr d e s i g n  u s e  t h e  g r e a t e r  elf Il-.L~=lads f o r  tlreril:h a n d  p o s i t  i v e  
p r o . j e c t  i n g  ~ : l>nd i t  itzlns, 

1,950 Lbs/ l -f / 'Dia.  Ft. 
--.-----.-.--.- ..-. .... "- - "- - - .- .- 



5~T1.1 MAJOF: TI?Ur\lt::: STOFT:' SEWEIF: E1.::3[:)97 
C:UNNEC:TOE PI  F'E C:ALI:::uL,q-r I ONS 7 ,' .::a '7 n=4 ,- & ,! - I 
LOADING ON EII3ID 1:ONC:RETE F'IF'ES. 1[3 J F  / /:::PI 
RE: C:ont:rete  P i p e  t-lancjhool::, AC:I='A, 1'38Ei, C h a p t e r  4. __-_ --.-.-.-,,--,---.-.--------.---.-..-, "---" .---------.-------.---------- - -. ------- - --... ""--"--_-_--" ------" -.-.......,-..-. " - - - .  . -  " ..,-.--.---. -l-..-"-ll."l.------l_---.--I..---..-- 

INF'LJT DATA: 
P I P E  WEC:ORU NO. 11 
L~lrc a t i ~n : 5TR 2 1 .t.4.(:) 
P i p e  mater ia l :  r c p  
I n t e r n a l  P i p e  d i a m e t e r  ( D )  : 15 I n  
b l a l l  t h i~ : l : : nesc , :  3" 5 I !7 

O u t s i d e  Diameter ( d : ) :  1.83 F t  
H e i g h t  clf C:ctver i:I-.I:): 1 0  F t  
1 2 o e f f i t z i e n k  o f  F r i c t i ~ ~ n  (:(.I:) : C) . 6 
K u  : r:) . 1 92.1. 
K : (1) a 32 
S e t t l e m e n t  R a t i o  Cr.;d:): 0.7 
F+~:~. ject i~:~n R a t i l - I  (p : )  = 1 
Soi l  d e n s i t y  Cw:) : 14.0 F'c f 
T r e n c h  b e d d i n g  F a c t 1 3 r  ( E f l :  1 . 9 
L~:lad F a c t  car P a r a m e t e r  s :  1'4: (1) . 7 i:) 7 

3.. . .,.. . (:) . 6 3 E 
S a f e t y  F a c t c ~ r  (SF: ) :  1 

------- -,---- - -..__----- -"...--" ---.----..---. -.- -------.----.------.-------.----------------- -- 
LIVE L O A D  ON EFFECTIVE Pl..ANE AT TOP OF P I P E  ILL:) (PcJ. 4--38 --. 4--43:) : 

O r i t i l z a l  E-IS-2(:1 l o a d i n g  c o n f i g c t r a t i ~ t n .  
P =: P ~ : ~ i n t  -2 4.8,  i',)(:)(:) Lbs 
I F  = 1fnpa1-t  fa~:t~:lr r.= . 1 
L = L e n g t h  I : I ~  p l a n e  =: 22.33 F t 
W = W i d t h  o f  p l a n e  = 23.17 F t  
P a v g  :-= A v e r a y e  g r e s s u r e  a c t i n g  ~ : ~ r i  p l a n e  

: = P . ; c  I F / W / L - r - 1  833 psf 
,= z E f  f e ~ z t i v e  w i d t h  = 1.33 Ft  
C J t  = A I : ~  i v e  w e i g h t  I : I ~  p i p e  = p w ~ g  * L. .it. .s := 3,F3(:)0 l..bs 
L e  = E f f e c t i v e  s u p p o r t i n g  I . e n g t h  o f  pipe 

= L. -I- 1 . 7 5  * !:"75 .;c d:) r- 2.4.. 7-1 F t  
LL = W t  / L e  = 1 5 4  Ltjs / l -  f 

Tf?ENC:I-I C:CIND I T I ONS : 
DEAD LOAD (:DL1 < Pg. 4-42: 
Mimimum T r e n c h  W i d t h  = 3.17 F t  
!l:~::~mputp t h e  t r a n s i t i ~ : l n  wid.t!l f c ~ y  tre17cI.l l o a d i n y l  -= n~ : :~ r ; : i t i ve  
p rc l . j e l : t i ng  l o a d i n g  c . \ s i n q  F i g .  4. I . ? ?  p a g e  4.--17, 

r s d  a p - Se t t l e rn rn .1 , -  * (=(i-~>,,je~:.ti~::~n ra.f;.i~:~ = ( 2 .  7 
H/d = H e i g h t  I : I ~  c o v e r  / d i a m e t e r  =: 5.45 
I;:I: =: Lg:~ad I : I : I ~ ~  i t : i e n t ,  ( ~ ~ : , s i t . i v e  pi-~::..,je,:.ti~:,r; :::: 8. 5'3 
T r y  T ; - a n s i t  i o n  Wicj th  ( t w : )  =:: 4.35 F t  

. j ;:: 2 3t 1.:: u ? s-1.4 /t w ::: i:) . 88 
== ( 1 - ;,;p (: - ,j :) 1) *. t w..'.. 4 ,2 ./ \.,,: .. .7 *. 1.. .. L[ .) . r: . . I -  -. J(. . c. +..-'a .A,. .:z i:) . (:)(:I 

D e s i g n  W i d t h  Cb5 =: i t .  35 Ft: 
C: d x ( 1 -- 3 ;,; ( - 2 .& 1.:: u ? + F.l/ tl :) :) /' I 12 $. 1.:: L,, 7 :I ::: 1.. 53  
DL- .. 12d 'n" w ,a tj.".2 =. 4 ,  0.13 L.~I .E, 'L~ 

TOTAL- I-DAD i: Tl.. 5 : 
TL.. == L t.. .I+. I? I.. = 4 ,  197 L.bf ; / l - f  

MINTMlJM I;:E(?UIRED F':[F'E ETRE:NI:;TI-/ i:a:1..-.&7 ,rl.-.-i=!8:) :: 
S a f e t y  F ~ I : ~ I : ~ I -  (SF-:) =: 1 
Et2iJiJing Fac.1-1::tr (:El-':) = 1 . '3 
D-.-[-Ofil) :: TL / EF + $,F i (  (:D,/12:) =: j ,  2 (1) i:) !,.-t::# !::. / L .f / 13 i, a . F" t 



< -  e I 
2 .  F'@S I T F'F:@JEC:TI C)N ~zij/\ID]: -/-I: DNS ( 4 -  1 .... '7 Y ;$...-.I" ,' : 

DEAD L-OAD (:DL S : 
W/cJ = r --, . ..:k 5 
I_:I: - La:~ad I : I : I ~ ~  i ~ ~ i e n i ; ,  p c ~ s s i t i v e  ~?r~:~.j,:?.:ti~::~l? x= 8 . 5'5 
p L  = I-:,- ;i. * (j......? - - - L 

-.. 4 ,  i:);1.3 Lbs / 'L f  
TOTAL. LOAD (TI-:) : 
TL = L.L +. DL = 4, 1'37 Lhs/ 'Lf  
MINIMUM FtEBUI RED P I P E  STWEN!3TI.-I C 4-67 - 4-63:)  
S a f e t y  F a c t o r  <SF:) =: 1 
L o a d  F a c  t or ILF:) : ( ~ g  4 - 6 3  - 4-64.:j 

L F  = 11431/CN-:~;q:)  
1.Jher r: I\J Zx 0.707 

;,; L- i:). 639 
q =- p t::: / C: 12 ( 1.1 /' d 4.p / 2 :) r= Cj 22 

LF = 2.53 
D-,Load = TL / LF* SF / i : n / l Z >  = 1,350 L S s / L f / D i a . F t .  

------ -----I--- *-_-__--I- -----" --.------" ---.....,. .-...-.-, -.-a ^"..ll-.--^...---. -..,-- - ,-,----.-------.-------- 
F o r  d e s i g n  u s e  t h e  g r e a t e r  o f  D - l o a d s  f s l r  t r e n c t i  a n d  p o s i t i v e  
p r c ~ . j e c t  i n g  condit i n n s ,  



3TW STREET MRJOF: TEUNI.::: STORtI SEWlEl? E I::: 3 (1) 9 7 .-. 
C:ONNEC:TDF: FZ"I PE  C:AL-C:lJLAT I CINS ,, ,' .::a .? / a: 

&.A, - J 1  
LOAD I NG ON E I  IS I  D  1:ONC:RETE F I  PES. JF,'~:::M 
RE: i : c ~ n c r e t s  P i p e  l.landbooI.::y ACF'A, 3.988, C h a p t e l r  4. _ --__ - -.-_-- _ " _ _ *  -_.----. ----.-.------" ..----.-.-..-- --" --...- ---.-.---.-- ----------.--.--.---.----------- ------- -_ -__-----__.---_-- .,.-----..--" -..---.-----.-,-a*--- ----..........--.... -- .-...... -*-*--....-..-------.-------.----- 
INPUT DATA: 

P I P E  RECOF:D NO. ". I .-I -. 

L111:lc c7 t i I:I~ : STA 12-kGi:) 
P i p e  mate r ia l :  r c p  
I n t e r n a l  P i p e  d i a m e t e r  (Dl: 15 I n  
Wall t h i c k n e s s :  3.5 I n  
O u t s i d e  Diameter ( : d l :  1 . 8 3  F t  
H e i g h t  o f  C:over (I..{:): 11 Ft: -- 

1 2 o e f  f  i c  i e n t  o f  F r  i c t  ilzln ( L I S  : (3 . 13 
t::: u : 0 .  1924 
1:: : (3. 32 
S e t t l e m e n t  R a t i o  ( r s d : ) :  . 0 . 7 
Prc1.j el: t i 12n R a t  i cl (:p :) = 1 
Sai l  d e n s i t y  ( w l :  1 dill P c  f 
T r e n c h  B e d d i n g  Fac t l - l r  (E3 .F ) :  1.9  
L o a d  F a c t  or P a r a m e t e r s :  N: i:i . 7 0 7 

!I; : (3. G38 
S a f e t y  F a c t o r  (. 'SF): 1 -------------_------------ ..-----------..----..- .... ------ --.-" --.--..- --.----------------.----- 

L I V E  LOAD ON EFFEi:T IVE PLANE AT TDP OF P I  PE  i: LL:) i:Pg. 4-38 -.- 4--43:) : 
C : r i t i c a l  HS-20 l ~ s a d i n g  c ~ : ~ n f i g i . o ~ a t i o ~ - i .  
P  = P o i n t  l c l a d  = $:'I. 8 c:! (1) 0 L. h 5: 

IF  = I m p a c t  f a l : t a r  = 1 
L  = L e n g t h  u f  p l a n e  == 24. 08 F t  
W = W i d t h  ~=lf p l a n e  = 24.132 ~t 
P a v g  -- A v e r a g e  p r e z s u r e  a c t i n g  clri p l a n e  

= F ' *  X F / W  / L =  P3.f 
C3 = E f f e c t i v e  w i d t h  = I .  83 F t  
W t  = A c t i v e  w e i g h t  u n  p i p e  = Pavg .x- L  * s = 3,525 L-bs 
L-e = E f f e c t i v e  s u p p o r t i n g  l e n g t h  l:~f p i p e  

= L  + 1 - 7 5  U ( .75 +A= d >  =-: 2 6 . ,:1.'-2 y.t 
LL = W t  / L e  = 133 L b s / L f  

...------------- ----.---------- .... .------,-.-------------.---" --.--...---.----,.---.-..--------.-.--.--------- 

1 . TRENC:t-i 1::OND I T  I  ONS: 
DEAD LOAD (DL:) t: P g  4-4,:) : 
M i m i m u m  T r e n c h  W i d t h  =: 3.17 F't; 
C~:smpu te  t h e  t r a n s i t i l : ~ n  w i d t h  f ~ ~ r  .l:t-cn~::h l o a d i n g  2- i r ~ l ~ l s i t i v e  
p r o . j e c t  i n g  l c ~ a d i r i g   sing F i g .  4 .  11? pac;e 4--1.7? 

rscJ .#. p = S p t t l e i n e n t  .li. Pi-l~~.je~:'t; iol-i r a t  i~::: = 0 . 7 
H/c! = I - { e i g h t  t:tf cl:~\<,ev / d i a m e t e r  - EL . (3 (1) 
I-:;: 2: L.oad ~:tsef i ~ : i ~ n t ,  p ~ s s i t i v e  pi-13.je~.tit::1l.i :::: '3. 4.5 
T r y  Tirarts i t - i~: ln ! I l i d th  i:";w:) =: .:k. 47 ~ ' t  

.j .; 2 * l . : : u f : k / - l / t  x (1) . '35 
e 1. 7 = 1 -- e !/; F:, [: -.. , j :) :) * t w ,"2 ,/ ( 2: 3;+ !.:: L,, :) -. 1:: 5: +.'. L7] ."'. 2; -2 (1) u 

D e s i g n  W i d t h  (b:) 2- 4. 47 I rk  
C: d  = (: 1 e :/; p i: -.- 2 * 1:: L[ 7 *. k.1 ,/ t :, 1) / { "' +. I.:: I,,, ' :! ,:x: 1-59  
DL := (7.j .% .x b .''2 - - 4 , 4 4 7  I-bs/L f 
TOYGL L n G n  [:-TI-:) :: 

TL. =r L.L. ..I.. DL. == 61. , 5 8 i:) !... h :s 1.. f 
MINIMUM F:EQUIt?EE P:[PE STEEN13TI.d (i$-.-63' -... i:k-.-i--"') J L ~ .  r 8,  

S a f e t y  Fat:t~:,r (SF:) =: 1 
B e d d i n g  F a c t o r  (BFS == 1 . '3 
D-..!-JOAD z -rL i E F  s SF: / [: D /  12 1) ::: 1 , 35i:) !...k.i;/!..f /T?ia. Ft; . 

-- -.----." --.. .-"- ---- "- "--- .- .,- -...- ,- ,,.- .... ..-..-.,-. "- - .--*., ...-.- ,-- ,.....-.- - "  --.....- ....... , ... .." .".. ,,.. ,... ...- ".- ..,. ..- ..- ...-- ".. -...---.- --"-."--- "-...--.- -.- ..- .-.- ...---. 



DEAD L O A D  (:DL 3 ; 
H/cl = 
r::~: =. Lt:d:latj ct:tef i;:ier~i;, p i : t s i . t i \~e  pra3.jei:tjt:t1-1 - 
DL, = I-' - * w ,j .''. 3 3: -. L A,.. 

TUTAL L-DAD (TL :) : 
TL  E. LL -k DL - 
M 1 N 1 MUM REQU 1 RED P 1 PE STRENGT1-I i 4-67 ...- 4--58 :) 
S a f e t y  F a c t o r  (SF:) = 1 
Load  Fat: t o r  CL-FT : (:pg 4-63 - 4-64:) 

LF = 1 . 4 3 1 / ( N - x q )  
Where: p~ .. 0. 707 

.. x = (:I . 6 3 8 
q = pt:::.,'C:c(f-l/d-kp/2:) -= 22 

LF = 2.53 
D--Lt:tad = TL / LF* SF / i : D l / 1 2 )  = 1 , 5 0 0  L b s / L f / D i a . F t .  -------- ----- - ------ ---.--.---------------.-.-----.--.----------------"-.-----------.-----.----- 

Fclr d e s i g n  u s e  t h e  g r e a t e r  ctf D-Lctadr; f o r  t r e n c h  a n d  p c ~ s i t  ive 
prc~.jet: t i n g  t:und i t ictns ,  



9 t h  Street EK3037 

& c t r r u g a t e d  M e t a l  P i p e  7/16/31 
t r u c t u r a l  D e s i g n  BJF/KM --------------- ---------- ----- ---- ---. ----------- -.---..--------.------ ----. ---- -------------------------------------------------.----------------------- 

B R e :  Hartdboctk of S t e e l  D r a i r r a g e  arid Highway Cctnc; t rur t  iccri Firodctct 5, 

R r t i e r i c a r t  artd S t e e l  I n s t  i t  u t e ,  1983, C h a p t e r  3, P a g e s  3'3-124. 
-------------------------------------------------.----------------------- ........................................................................ 
S i t e  cct r td i t ior15,  

P I P E  RECORD NUMBER: 1 ( LOCRTION : STFI 1 3 + 5 0  
d = P i p e  d i a m e t e r  - - 1 0 E  i ri 
h = H e i g h t  of c o v e r  - - 3 f t  
w = Weight  ctf s c t i l  - - 1 4 0  p c f  

b s d  = B a c k f i l l  s o i l  d e r t s i t y  IAQSHTO s p e c i f i e d )  = 35 X 
pH = pH of sct i  1 e n v i  rc~nrnent  - - 7.8 

R = Sc l i l  r e s i s t i v i t y  - - 3350 ohrn-crn ........................................................................ 
Cornput e d e a d  1 ~ a d ,  

DL = Dead lctad = h * w - - 1260 p 5 f  
t o r n p u t e  1 i v e  l o a d ,  

L i v e  lctad a n  e f f e c t i v e  playre a t  t o p  o f  p i p e  iLL> f r o r n  

I C o n c r e t e  P i p e  Haridbook, a c p a ,  1388, pg 4-38 - 4-33:: 
C r i t i c a l  HS-EO l o a d i n g  c o n f i g u r a t i o n :  

P = Pct in t  Load "- - 48000  ~ b 5  
I F  = Irnpact  F a c t o r  - - 

a 1 
L = L e n g t h  of Filarre - - ZQ.SB f t 
W = Width  ctf P l a n e  - - 2 1 . 4 2  f t  
Pavg = Q v e r a g e  P r e s s u r e  FIctirrg ctri P l a n e  

P = ' * I F / W / L  -- - 103 p s f  
LL = L i v e  l o a d  - - 103 p s f  

Cctrnpute t h e  d e s i  grr l o a d ,  
pv  = D e s i g n  p r e s s u r e  = DL + LL - - 1363 p s f  

~ t r u c t  u r e  d e s i g n ,  &- 5 = S p a n  = d / 1 2  - - d . 5  f t  
c = Ring cctrripression = pv .* s/2 -- - 5 A 1 8  p p f  

I k = Load f a c t o r  - - 0. 65 
r = R a d i u s  ctf g y r a t i o n  f r o m  T a b l e  1-4, p a g e  42 i rr 

f c  = Flllctwable w a l l  stress f r o m  F i g u r e  3-6, p a g e  105 p s i  

I a = Wall  s e c t i o n  a r e a  = c J f c  i r1."2/f t 
t = T h i c k r t e s s  f r o m  T a b l e  3-2, p a g e  107 i n  
I = Mctmerrt ctf i n e r t i a  frclrn T a b l e  3-2, p a g e  107 ir1."4/f t  
E = Mctdulcrs of e l a s i c i t y  3E-t-07 1 b/ i n"E 

f f  = F l e x i b i l i t y  fiictor = d."Z/E/I*12 ( . i )4 .3 .3  fa t -  f a c t u l - y  rnade p i p e .  
( . 6 2 0 0  fc t r  f i c l c l  a s s r m b l ~ ? d  p i p e .  



t = M i  nir~lctm t h  i cknesr-;  f o r  s t ? - e n g t  h - - 0. CS64 - i n  

? e l e c t  t h i c k n e s s  fccr a 7 5 - y e a r  first p e r f o r a t i o n  o r  1/Z a v e r a g e  l i fe ,  IL 
Y = Years f o r  first p e r f a r a t  i o n  = - - 75 
y = Y e a r s  fo r  a v e r a g e  l i f e  = Z? * Y - 1; - 150 

p H  = pH of s u i  1 e n v  i r o n r l ~ e n t  - - 7. a 
R = Soil  r e s i s t i v i t y  - - 3350 ohm-cm 

y l  = Years f u r  a v e r a g e  l i f e  for t=.OSE' i n .  u/ = ~ 7 . 5 5 * ( 1 c ~ g  (R)--lctg (216C~-249C)*1~1g (pH) 1 )  f c t r  pH (= 7.3 
= 2. '34 * R.". 41, pH) 7. J - - 82 y e a r s  

af = R d j u s t r n e n t  f a c to r  r e q u i r e d  = y  / y l  - - 1. BS 
ad jus t r f len t  F a c t o r  Used : 
Cct r re spond  i ng t : 0.10'3 2.2 / i r~ .  



53th Street EK3037  

& o r r u g a t e d  Metal P i p e  7/18/91 
t r u c t  c ~ r a l  D e 5 i g r 1  ESF/KM 

=====-------=------------.---.-==== ----"-----z--.---"-z=x=x=.2==---------=--------- 

a e: H a r i d b o e k  of Steel D r a i r r a g e  arrd H i  g h w a y  C c ~ r r s t r u c t ;  i o n  F 1 r c ~ d u c t  5, 

R r n e r i c a n  a n d  Steel Irrst i t  u t e ,  1383, C h a p t e r  3, P a g e s  '3'3-124. 
L----------------------------------------------------------.-------------- ------------------------------------------------.------------------------ 

S i t e  c c ~ n d  i t i o n s ,  I/ FIIFIE RECORD NUMBER: 
i LOCFIT I ON : 

d = P i p e  d i a r i l e t e r  

81 h = H e i g h t  of c o v e r  
w = W e i g h t  of s o i l  

b s d  = B a c k f i l l  s o i l  d e n s i t y  IRRSHTO 
pH = pH of s c ~ i  1 e n v  i ronrnen . t  

R = Soil  r e s i s t i v i t y  ...................................... 

2 

STR 18+5i:) 
- 102 irr 
-" - 9 f t  
- - 140 p c f  

s p e c i f i e d )  = '35 % 
-- - 7.8 
-- - 3350 ohm-cr11 

................................. 
C a r n p u t e  d e a d  l o a d ,  

DL = D e a d  l o a d  = h * w - - 1260 psf  
, u r n p u t e  l i v e  l o a d ,  a! 

L i v e  l c t a d  or1 e f f e c t i v e  p l a n e  a t  t o p  of p i p e  ( L L )  frorib 
C o n c r e t e  P i p e  H a r ~ d b o o k ,  a c p a ,  1955, p g  4-38 - 4-33: 

C r i  t i ca 1 HS-20 l o a d  i n g  conf i g u r a t  i c ~ n  : 
F1 = F1clint Lclad - - 413000 L b s  
I F  = I r n p a c t  F a c t a r  - - 1 

I L = L e n g t h  of F1 la l -~e  - - 20.58 f t  
W = W i d t h  af P l a n e  - - 2 1 . 4 2  f t  
P a v g  = F I v e r a g r  F ' r e s s u r e  R c t i n g  on P lane  

a = F 1 * I F / W / L  -- - 103 p s f  
LL = L i v e  l o a d  - - 1(:)3 p s f  

Cc~rnpu t  e t h e  d e s  i g n  1 o d d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1 3 E 3  p s f  

B t r u c t u r e  d e s i g n ,  
5 = S p a n  = d / l 2  - - 8.5 f t  
c = R i n g  c o r ~ l p r e s s i o r i  = p v  * s/2 - - 5818 p p f  

li k = L o a d  f a c t o r  - - 0. G 5  
r = R a d i u s  of g y r a t i c c r r  f r o m  T a b l e  1-4, p a g e  4 2  i ri 

fc  = F l l l o w a b l e  w a l l  stress frctm F i g u r e  3-6, p a g e  105 p s i  

li a = Wall section area = c/fc i n . " 2 / f t  
t = T h i c k r r e s r j  from T a b l e  3-2, p a g e  107 i r~ 
1 = Mclrnent of i n e r t  i a f ~ C I ~ J I  T a b l e  3-2, p a g e  107 i r 1 . " 4 / f t  
E = M o d u l u s  c15 e l a s i c i t y  3Ei -07  1 b /  i rr..'%2 

f f  = F l e x i b i l i t y  f a c to r  = d " ' 2 / E / I * l 2  ( . C ) L t 3 3  f o r  f a c t o r y  rnade p i p e .  
( ,0200 f c ~ r -  f i e l d  a s i s e m b l e d  p i p e .  

- 1 / r L x 1 / 4  0.090 1275 23.33 2.4 '34 1 .  1 0.020 (1) . 2 1 2 
2% 1 ,'e 0.170 6i30 10534 0.552 0 , 0 52 O. 018 0. 226 rue ,  

2 - 3  1 2 c). 172 5'33 167134 0. 540 0. [:152 0.018 0.23 1 h y L ,  
3 x 1  C). 344 L 337 252'31 c). 235, 0.034 0. 051 0.081 
5 x 1  0.3GB 277 25385 0. z z ~  (:I. 004 1 

3 
0.83'3 

6 2 0, EBB 148 25385 6.2eg 0. 103 9.725 0. ClOG J 



t = Mirtirnurn t h i c k n e s s  fuj* s t r e r r y t h  

k elect t h i c k r t e s s  fc t r  a  75-year- first perfc t l -a t  iclrt o r  1 /2 a v e r a g e  1  ife, 
Y = Y e a r s  for first p e r f o r a t  ictn = .- - 75 

y = Y e a r s  f u r  a v e r a g e  l i f e  = 2 * Y - - 150 u pH = p H  u f  s u i  1 e r ~ v i r c ~ r t m e r ~ t  - - 7. a 
R = S a i l  r e s i s t i v i t y  - - 3350 ohm-crn 

y l  = Years f u r  a v e r a g e  l i f e  f a r  t=.052 irr. 

t = 27.58*(10g(R)-10g(21GO-2430*l~~~(pH))) fc t r  pH (= 7.3 
= 2 .94  * R".4l, pH>7 .3  - - 82 y e a r s  

af = n d j u s t r f l e n t  f ac tor  r e q u i r e d  = y / y l  - - 1.83 

I f ld jus t r f len t  F a c t o r  Used : 2.2 

Cclrrespclnd i rtg t : C1. 10'3 / i rt. 

* *  A4.t /2 p a p  

S "  i / "  @orrvg-hA 



re: Handbctok c ~ f  Steel D r a i n a g e  arid Highway C o n s t r u c t  i o n  F1rctduct 5, 

F)merican artd S t e e l  I r i s t  i t  u t e ,  1'363, C h a p t e r  3, P a g e s  9'3-124. ........................................................................ ........................................................................ 
Site c o n d i t i c t r i s ,  8 PIPE RECORD NUMBER: 3 

LOCRT I ON : STFI 234-45 
d = P i p e  d i a r n e t e r  - - 102 i n  
h = H e i g h t  of c o v e r  - -- 10 f t  
w = Weight  of s o i l  - - 1 4 0  p c f  

b s d  = B a c k f i l l  sail d e n s i t y  (BRSHTO s p e c i f i e d )  = 35 % 
pH = pH o f  coi 1 e n v  i ronrnertt - - '3.2 

R = Sc t i l  r e s i s t i v i t y  - - 3'336) ohm-ern 
........................................................................ 
Curilpcrt e d e a d  l o a d ,  

DL = Dead l o a d  = h * w - - 1 4 0 0  p 5 f  
'urnput e 1 i v e  l o a d ,  t 

L i v e  l o a d  ctn e f f e c t i v e  p l a n e  a t  t o p  ctf p i p e  (LL) f r o m  

8 C o n c r e t e  P i p e  Handbook, a c p a ,  1'388, pg 4.-38 - 4-33: 
C r  i t i c a  1 HS-2O 1 clad i rrg corif i Q u r a t  i o n  : 

P = P o i n t  Load - - 4 8 0 0 0  L b s  
I F  = I m p a c t  F a c t c t r  "- - 

1 
1 

L = L e n g t h  o f  F t l a ) ? r  - - 22. 33 f t 
W = Width  of P l a n e  - - 23. 17 f t  
F1avg = FIverage P r e s s u r ~  R c t  i n g  o n  P l a n e  

1 = F 1 * 1 F /  W / L  - - 93 p s f  
LL = L i v e  lctad - - '33 p s f  

Cornpcrte t h e  d e s i  g r ~  l u a d ,  
pv  = D e s i g n  p r e s s u r e  = DL + LL -- .- 1 4 3 3  p s f  

' t r u c t  u r e  d e s i  yn,  & 5 = Spai-I = d / l Z  .... - 8.5 f t  
c = Ring c o r n p r e s s i c ~ n  = pv .k s/2 - - 15344 p p f  

a k = Load f a c t c t r  - - i t .  65 
r = R a d i u s  of g y r a t i c t r ~  frorn Table 1-4, p a g e  4 2  i ri 

f c  = Rl lc twab le  w a l l  sti-es.; frorn F i g u r e  3-6, page 1 0 5  p s i  

3 a = Wall sect i o n  area = c/fc  i r P Z / f  t 
t = T h i c k r ~ e s s  frctrn T a b l e  3-2, p a g e  1 0 7  i ri 
I = Mornent of i n e r t i a  f r o r n  T a b l e  3-2, p a g e  1 0 7  in . "4 / f t  
E = Modulus  of e l a s i c i t y  3E+07 1 b/ i ri^" L- 

i f f  = F l e x i b i l i t y  f a c t o r  = d^Z/E/I*12 < .0453 f a t -  f a c t o r y  rnade p i p e .  - 
( . Cr200 f o r  f i e l d  a s s e r n b l e d  p i p e .  

o r r u g a t  i o n  r d/rT fc  a t 1 f f  
( i r ~ )  ( i n >  ( p s i )  (ir~"" L / f t )  Cin) i  i r1."'4/ f t ) 



t = Miriirnurn t h i ck r t e s r j  f o r  s t r e r t g t f i  - - 0. 664 f i rr 

Belect t h i c k n e s s  f o r  a  75 -yea r  f i r s t  p e r f u r a t i u r i  o r  1/2 ztverage l i f e ,  I' 
Y = Y e a r s  fcir  f i r s t  pe l - fo r a t i o r i  = - - 75 
y = Y e a r s  for a v e r a g e  l i f e  = 2 * Y - - 1 50 

@ pH = pH o f  soi  1  env i ronmen t  - - 3. E 
R = S o i l  r e s i s t i v i t y  - - 3330 ohm-crn 

y l  = Y e a r s  fo r  a v e r a g e  l i f e  f o r  t=. 052 irr. 
= 27.58Jc(lc~g(R)-log(2160-2490*1c~g(pH))> f o r  p H  (= 7 . 3  
= 2.94 .~c R"'. 4 1 ,  pH) 7. S - - 88 y e a r s  

af  = Fidjustment f a c t o r  r e q u i r e d  = y / y l  - - 1.71 
a d  justrf lent  F a c t o r  Used : 
Ccirrespcind i ng t : 0. 1 0 9  



EK3037  
F c ~ r r u g a t e d  M e t  a1 P i p e  d::~:::::: D e s i  gj-I 

7/18/91 
BJF/KM 

------ ------------------------.--.---- ------ ---" ------.- -- ----- -------- ---- -- ........................................................................ 
ye: Harrdbclcik ctf Steel D r a i r r a g e  artd H i g h w a y  C o n s t r u c t  i o n  F 1 r u d u c t s ,  I/ R r n e r i c a n  a n d  Steel I n s t i t u t e ,  1'383, C h a p t e r  3, P a g e s  99-124. ........................................................................ ........................................................................ 
S i t e  c o r ~ d i t i o n s ,  

FIIFIE RECORD NUMBER: 4  
LOCFLTION: STF) 28c45.71, 33.23' RT 
d = P i p e  d i a m e t e r  - - G €  irr 
h = H e i g h t  of c o v e r  - - 11.5 f t  

w = W e i g h t  of soi 1 - - 1 4 0  p c f  
b s d  = B a c k f i l l  5c1i 1 d e n s i t y  (RRSHTO s p e c i f i e d )  = 35 % 

p H  = pH caf s c l i  1 e n v i r o r ~ r n e n t  - - 9. P  
R = Sca i l  r e s i s t i v i t y  - - 3'330 ohm-crn 

........................................................................ 
C c ~ r n p u t e  d e a d  l ~ a d ,  

DL = Dead  l o a d  = h  * w ..- - 1610 p 5 f  
) ~ ~ C I ~ I I ~ L I ~  e 1 i v e  1 o a d ,  

L i v e  l c ~ a d  a n  e f f e c t i v e  p l a r t e  at t o p  of p i p e  ( L L )  frorn 
C c ~ n c r e t e  P i p e  H a n d b c ~ c ~ k ,  a c p a ,  1'388, p g  4-38  - 4-33:  I( C r i t i c a l  HS-PO l o a d i n g  c o n f i g u r a t i o n :  
P = Poi rlt L o a d  - - 4 8 0 0 0  L b s  
I F  = I r n p a c t  F a c t u r  - - 1 
L  = L e n g t h  af F1laIrre - - 2 4 . 3 5  f t  

W = W i d t h  af P l a n e  - - 25.7 '3  f t  
Faavg = f i v e r a g e  F i r e s s u r e  R c t i r r g  o n  P l a n e  

= p * I F / W / L  -- - 75 p s f  
LL = L i v e  l c lad  .- - 75 p s f  

e t h e  d e s i  Q ~ I  1 oad, 
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1685 p s f  

~ t r c r c t  u r e  d e s i  g n ,  I' 5 = S p a 1 - ~ = d / 1 2  - - 5.5 f t  
e = R i n g  c o m p r e s s i o n  = pv .* s /2  .- - 4 6 3 3  p p f  
k = L o a d  f a c t c a r  - - 0. 65 
r = R a d i u s  of g y r a t i c l r r  from T a b l e  1-4, pr-tge 4 3  i r~ 

f c  = Q l l c ~ w a b l e  w a l l  stl-ess .Frurn F i g u r e  3-6, p a g e  105 p s i  

i a = Wall sect ion a rea  = c/fc i rt"'Z/f t 
t = T h i c k r ~ e s s  f r o r n  T a b l e  3-2, p a g e  107 i n  
I = M o r t l e r r t  of i n e r t i a  f r c ~ r n  T a b l e  3-2, p a g e  107 i ne"4 / f t 
E = M o d u l ~ t s  u f  e l a s i c i t y  3E4-07 1 b /  i rl"2 

f f  = F l e x i b i l i t y  f a c to r  = d*+Z / E / I * 1 2  ( . Cll'l-33- for- f a c t o r y  m a d e  p i p e .  
( . 0200 for f i e l d  a s s e r ~ ~ b l e d  p i p e .  



t = Mirriraurn t h i c k r r e s s  f o r  s t r e n c i t f i  - - 0.034 d 
i r~ 

I 
- 

elect t h i c k n e s s  for a 7 5 - y e a r  f il-st p e r f o r a t  i u r ~  or  l/Z a v e r a g e  1 ife, 
Y = Y e a r s  for first p e r f o r a t  ion = -- - 75 

I y = Years for  a v e r a g e  l i f e  = E? * Y - - 1 5C) 
pH = pH of soi 1 errv i rortrnerrt - - '3.2 

R  = S c t i l  r e s i s t i v i t y  - - 3330 ohrfi-crfi 

u y l  = Years f o r  a v e r a g e  l i f e  f o r  t=. 052 ir~. 
= 27.58*(log(R)-lc1g~21Cj0-2490*lag(pHf)) for  pH (= 7.3 
= 2.94 .* R e " . 4 1 ,  pfl)7. 3 - - BB y e a r s  

af = Rdjus t r f l en t  factor  r e q u i r e d  = y / yl - - 1. 7 1  

I Gdjustrf lerr t  F a c t o r  Used  : 2. P/ 
C o r r e s p o n d i n g  t : 0. 1 C19 i rr. 



9 t h  Street . . EK3037 
. c i r r u g a t e d  Metal P i p e  I" 7/ 18/"3 1 
k t r u c t u r a l  D e s i g n  BJF/KM 
__-_-------_------_--------------------------------.------.----------------- __------------------------------------------------.--.----------------------- 
lie: H a n d b u u k  of Steel D r a i n a g e  arid H i g h w a y  C o n s t r u c t  iorr P r o d u c t  5, 

I; Rrner ica r r  a n d  Steel I n s t i t u t e ,  1'383, C h a p t e r  3, P a g e s  '3'3-124. ------------------------------------------------------------------------- ........................................................................ 
site c o n d i t i o n s ,  

P I P E  RECORD NUMBER: e LJ 

LOCRT I ON : STR 314.00 
d = P i p e  d i a m e t e r  - - i i 4  irr 

a h  = H e i g h t  of c c i v e r  - -- 7.5 f t  
w = W e i g h t  clf s o i l  - - 1 4 0  p c f  

b s d  = B a c k f i l l  s o i l  d e r r s i t y  CRRSHTO s p e c i f i e d )  = 95 '/: 
pH = pH of scci 1 errv i rorrrnerrt - - 3.3 

R = Soil  r e s i s t i v i t y  - - 2 4 4 0  ohm-cm 
........................................................................ 
Cornpctt e d e a d  l o a d ,  

@ 
DL = D e a d  l o a d  = h * w - - 1050 p s f  

S u r n p u t e  1 i v e  l o a d ,  
L i v e  l o a d  ciri e f f e c t i v e  p l a r r e  a t  t o p  of p i p e  (LL)  f r o r n  

I C o r r c r e t e  P i p e  H a n d h o o k ,  a c p a ,  1388, pg  4 - 3 8  - 4-33:  
C r i  t ical  HS-ZC) l c l a d i r ~ g  c o n f  i q u r a t  iorr : 

Ft = P o i n t  L o a d  -- - 48000 L b s  
I F  = I t n p a c t  F a c t o r  - - 

CB 
1 

L  = L e n g t h  of P l a n e  - - 17.35 f t  
W = W i d t h  u f  F i l a n e  - - 18.73 f t  
Fcavg = R v e r a g e  P r e s s u r e  R c t i n g  c ~ n  P l a n e  

= F * I F / W / L  - - 1 4 2  p s f  @ LL = L i v e  l a a d  -- - 142 p s f  
C c ~ r n p u t e  t h e  d e s i g r r  lccad, 

p v  - D e s i g n  p r e s s u r e  = DL + LL - - 11'32 p s f  
3 t r u c t  u r e  d e s i g n ,  I s = S p a n  = d / l 2  .- - 3.5 f t  

c = R i n g  c o m p r e s s i o n  = p v  w s / 2  - - 5663 p p f  

i k = Lccad fac tor  - - 0.65 
r = R a d i u s  of g y r a t i u i - I  frorrl T a b l e  1-4, p a g e  42 i rr 

fc  = R l l o w a b l e  w a l l  stress fr-ccm F i g u r e  3-G, p a g e  105 p s i  

3 a = Wall s e c t i o n  a r ea  = c / f c  i rl...%2 ,' f t  
t = T h i c k n e s s  frorn T a b l e  3-2, p a g e  107 i rr 
I = Mornent of i n e r t i a  f r u r n  T a b l e  3-2, p a g e  107 i r1."4/ f t 
E = M u d u l u s  o f  e l a s i c i t y  3E-t-07 1 b /  i ri"'2 

f f  = I = l e x i b i l i t y  f a c to r  = d."Z/E/I.i+12 ( .9433 f o r  f a c t o r y  rilade p i p e .  
( .QZC)O f o r  f i e l d  a s s e r n t t l e d  p i p e .  

" o r r u g a t  i o n  r C d .,,* p f c a t; I f f  
( i n )  C i n )  ( p s i )  Cii-i."E/'f.t;) i i n )  i i r1...'4 / f t  



t = Mirtirnurn t h  i c k r i e s s  f o r  s t r e r i g t h  - - 0.109 J i n  

S e l e c t  t h  i c k r l e s s  f c ~ r  a 7 5 - y e a r  f i~-c,t perforat  i ~ 8 i . 1  oin 1 /2 a v e r a g e  1 i fe, P 
Y = Years f u r  first p e r f c t r a t ;  i o n  z= 

- - 7s 

y = Years f o r  a v e r a g e  l i f e  = 2 * Y - - 1 5 0  8 pH = pH u f  s u i  1 e r t v i  r u n r t ~ e n t  - - 9.3 

R = S u i l  r e s i s t i v i t y  - - 2440 ohm-crn 

y l  = Years f o r  a v e r a g e  l i f e  fc l r  t=.052 iirr .  

I = 2 7 . 5 8 w  ( l a g  ( R )  - l o g  (2160-Z490wlog  (pH) ) ) for p H  (= 7.3 
= 2. '34 * R.". 41, pH) 7. 3 

- - 72 y e a r s  

af = R d j u s t r ~ i e n t  f a c to r  r e q u i r e d  = y / yl 
- - 2.08 

Cld j u s t r n e n t  F a c t c t r  Used  : 2.2 
C o r r e s p o n d i n g  t :  0 . 1 0 9  / ' in.  



3 t h  Street EK3097  

6 o r r u g a t e d  Metal P i p e  7/15/91 
t r u c t u r a l  D e s i g r i  BJF/KM 

------------------------.----- ------- -------.----.-..-------- ..----.------------- ---------------------------------------------------------.--------------- 

f e: H a n d b u u k  of St eel D r a i n a g e  a n d  H i  g h w a y  C a r ~ s t r c \ c t  i o n  F 4 r o d u c t  s, 
R r n e r i c a r i  arid Steel Irist i t  u t  e, 1983, C h a p t e r  3, P a g e s  33-124.  

--------------------------------.---------------------------------------- ........................................................................ 

i i t e c o n d  i t i oris, 
'IPE RECORD NUMBER: 6 
LOCRT I ON : STR 3 7 + 5 0  
d = P i p e  d i a m e t e r  - - 114 i r ~  

I h =: H e i g h t  of c o v e r  - ..- 10.5 f t  
w = W e i g h t  of s u i l  - - 140 p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (ARSHTO s p e c i f i e d )  = '35 % 
pH = pH u f  so i  1 errvi ror i rnerr t  -- n - 9.3 

R = S u i l  r e s i s t i v i t y  - - 2440 ohm-crn 
........................................................................ 
C u r n p u t e  d e a d  l o a d ,  

E DL = D e a d  l a a d  = h * w - - 1 4 7 0  p s f  
ctrnpbt e 1 i v e  l o a d ,  

L i v e  l o a d  o n  e f f e c t i v e  p l a r i e  a t  t c i p  u f  p i p e  CLL) f r o r n  

1 C c i r r c r e t e  P i p e  Haridbclok, a c p a ,  1988, pg  4 - 2 8  - 4.-33: 
C r i  t i ca 1 H S - 2 0  1 o a d  i rig corif i g u r a t  i out: 

P = P c ~ i n t  L o a d  - - 48000 L b s  
I F  = I r n p a c t  F a c t c i r  - - 1 

i L = L e n g t h  of P l a n e  - - 23.20 f t  
W = W i d t h  of P l a n e  - - 24.04 f t  
F1avg = Rver -age  P r e s s u r e  R c t  i n g  on P l a n e  

1 = ' * I F / W / L  -- - 86 p s f  
LL = L i v e  l a a d  .- - BE, p s f  

C o r n p u t e  t h e  d e s i  gri l o a d ,  

t pv = D e s i g n  p r e s s u r - e  = DL + LL - - 1556 p s f  
t r u c t  ure d e s i g n ,  

s = S p a n  = d / l E  - - 3.5 f t  
c = R i n g  c o r n p r e s s i u n  = p v  *, s / E  - - 7331 p p f  

1 k = L a a d  f a c t c ~ r  - - a. 135 

r = R a d i u s  u f  g y r a t i o n  from T a b l e  1-4, page 4 Z  i n 
f c  = R l l o w a b l e  w a l l  stress f r o r n  F i g u r e  3-15,, p a y e  105 p s i  

1 a = Wall s e c t i o n  area = c/fc  i r l . - ~ / f t  
t = T h i c k n e s s  f r - o r n  T a b l e  3-2, p a g e  107 i n 
I = M o r ~ ~ e n t  of i n e r t i a  from T a b l e  3-2, p a g e  107 i r 1 ^ 4 / f t  
E: = M o d u l u s  of e l a s i c i t y  3 E + 0 7  1 b /  i ri"2 

1 f f  = F l e x i b i l i t y  f a c to r  = d" 'E /E/ I* lE  < . 0 4 3 3  f c l r  f a c t o r y  rnade p i p e .  
( .C )2C)C)  f c i r  f i e l d  a s s e r n b l e d  p i p e .  

d  ,/ 1- fc  a t I f f  
( p s i  r / f  1 ( i n )  ( i n"'4 / f t ) 



t = M i r ~ i r n c l r n  t h i c k r l e s s  f o r  s t r e r i g t h  -- - 0.103 f i rr 

elect t h i c k r ~ e s s  f o r  a 7 5 - y e a r  f  it-st p e r f u r a t  i c w  ctr 1 /Z  a v e r a g e  1 i fe ,  
Y = Y e a r s  f a r  f i r s t  p e r f o r a t  icm = - - 75 

I y  = Y e a r s  for a v e r a g e  l i f e  = 2 * Y - - 1 SO 

pH = pH of s c ~ i  1 errvironrl?errt - - 3.3 

R = Sail  r e s i s t i v i t y  - -- 2440 ohro-crn 

I 
y l  = Y e a r s  fsr a v e r a g e  l i f e  f a r  t=. 052 in .  

= 27.58*(1c~g(R)-log(21GO-24'30*log(pH))) f o r  pH (= 7.3 
= 2.94 * R'". 41, pH) 7.3 -- - -7 2 y e a r s  

af  = R d j u s t r n e n t  f a c t o r  r e q u i r e d  = y  / yl - - 3.08 
R d j u s t r i ~ e n t  F a c t o r  Used : 
C o r r e s p c ~ r ~ d i r i g  t : 0. iu'3 

1 . ~ m , &  Ar '&sf+ Q/op , 
1 -3 / z  y e p -  



EK3037  
7/18/91 
BJF/KM 

--------- ------------------ ---- -----..- ---------.-.--.-------.------ - ------------ ........................................................................ 

P e: H a n d b o o k  ctf Steel D r a i n a g e  a n d  H i g h w a y  Cal-ist;i;.uctiurs P r o d u c t s ,  
Flmericari artd Steel I n s t  i t  u t e ,  1'353, C h a p t e r  3, P a g e s  33-124.  ........................................................................ ........................................................................ 

Site corsd i t i c l n s ,  
P I P E  RECORD NUMBER: 7 I LOCRTION: S I R  3 7 + 5 Q  
d = P i p e  d i a r n e t e r  - - '30 iri 

I h = H e i g h t  of c o v e r  - - 10.5 f t  
w = W e i g h t  of s o i l  - - 1 4 0  p c f  

bsd = B a c k f i l l  soil d e r i s i t y  (RASl-lTO s p e c i f i e d )  = 35 % 
pH = p H  of s c l i  1 e n v i r o r i r n e n . t  - - 3.3 

R = Soi l  r e s i s t i v i t y  - - 2 4 4 0  ohm-ern 
....................................................................... 

Compute d e a d  l o a d ,  
DL = D e a d  l o a d  = h  * w - - 1470 p s f  

'orsipute 1 i v e  l o a d ,  t 
L i v e  l o a d  o n  effective p l a n e  a t  t o p  of p i p e  (LL)  f r o r n  

I C o n c r e t e  P i p e  Har idbook ,  a c p a ,  11388, p g  4-38  - 4-33:  
C r i t i c a l  HS-ZCI l o a d i n g  c o n f i g u r a t i o n :  

F = P o i n t  L o a d  - - 4 8 0 0 0  L b s  
I F  = I r n p a c t  F a c t o r  - 

3. 
- 1 

L  = L e n g t h  af F 1 l a n e  - - 23. 20 f t  

W = W i d t h  of P l a n e  - - 2 4 - 0 4  f t  
F a v g  - R v e r a g e  P r e s s u r e  F l c t i r i g  a n  Plane 

1 = p * I F / W / L  - - 86 p s f  
LL = L i v e  l u a d  .- - 86 p s f  

Cclrnpute t h e  d e s i g n  l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - 

t 
- 15515 p s f  

t r u c t u r r  d e s i g n ,  
5 = S p a n  = d / l 2  - - 7.5 f t  
c = R i n g  c o m p r e s s i o n  = p v  * s /2  - - 5835 p p f  

i k = L o a d  f ac to r  - - 0.65 
r = R a d i u s  of g y r a t i o n  frorr, T a b l e  1-4, p a g e  4 2  i r~ 

fc = R l l c l w a b l e  w a l l  s t m e s s  frclrn F i g u r e  3-15, p a g e  105 p s i  

3 a = Wall sect i c ~ n  area = c/fc i ri-,'Z ,' f t 
t = T h i c k r s e s s  frclrn T a b l e  3-2, p a g e  107 i ri 
I = M o r n e r s t  of i n e r t  i a  from T a b l e  3-2, p a g e  107 i n . " 4 / f t  
E = M o d u l u s  of e l a s i c i t y  3 E + 0 7  1 b/ i ri"'3 L 

f f  = F l e x i b i l i t y  f a c t a r  = d'"'-"E/I*l2 L d ( - 0 4 3 3  f o r  f a c t o r y  made p i p e .  
( . 0200 f c l r  f i e l d  a s s e r i i b l e d  p i p e .  

u r r u g a t  ic tn  r d / r  .F c a t I f f  
(in) ( i n )  (psi)  (irrl'%.3 , - / f t>  ( i n )  C iri."4/ft 



t = Minirnum t h i c k r r e s s  for s t r f f i n q t h  - - 0. OL4 J 
i rr 

t h i c k r t r s s  f u r  a 7 5 - y e a r  first p e i - f a r a t  i o r z  cir 1/2 a v e r a g e  1 ife, 
Y = Y e a r s  f o r  first p e r f a r a t  i o n  = -- - -7 I r .J 

y = Y e a ~ s  f u r  a v e r a g e  l i f e  = E * Y -- - 1 50 (I p ~  = PH c ~ f  soi  1 e n v i r o n r o e n t  -- - '3.3 
R = Soil r e s i s t i v i t y  - - 2 4 4 0  uhm-cril 

yl = Y e a r s  f o r  a v e r a g e  l i f e  fc l r  t=. 052 irr. 
= 27.58* C l u g  CR> - l o g  (2160-2490 .161~1~  (pH) > > f u r  ptl (= 7.3 
= 2. '34 * R'". 41, pH> 7. 3 -- - 72 y e a r s  

a f  = R d j u s t r ~ ~ e n t  f a c t o r  r e q u i r e d  = y / y l  - - 2. 08 
R d j u s t r n e n t  F a c t o r  Used : 
Ccl r respc~nd  i ng t : 



.3t t.1 S t ) - e e t  EK3097 
, E n s - r u g a t e &  Metal P i p e  P 7/18/31 
S t r . . u c t  u r a l  D e s i  gl.1 EJF/KM 

.---- __ ------- - _----_.-.-- _. __---_-.....-_- _ _  -__-------.-----------------------.- _ _  ___...-.----_--_ _ _,-----------------------------------------.- ---- ----------- - ERE: Harrdbooli of S t e e l  D r a i n a g e  a n d  Highway C o n s t . r u c t i c ~ n  P r o d u c t s ,  
F lmer i can  arid S t e e l  I r r s t  i t  u t e ,  1'383, C h a p t e r  3, P a g e s  '33-124. ......................................................................... ........................................................................ 

S i t e  c o n d  i t i o n s ,  I P I P E  RECORD NUMBER: 8 
LOCFlT I  ON : STR 4 0 + 0 0  
d  = P i p e  d i a r f l e t e r  - - '30 i n  
h = H e i g h t  of c o v e r  - - 1 0  f t  

w =. W e i g h t  of s o i l  - - 14C) p c f  

b s d  = B a c k f i l l  s c ~ i l  d e r r s i t y  (RRSHTO s p e c i f i e d )  = '35 X 
pH = pH of s a i  1 er rv i  r c ~ n r n e r ~ t  - - 8.9 

R = S a i l  r e s i s t i v i t y  - - 2200 ohm-cm 
........................................................................ 

!Cumpu te  d e a d  l o a d ,  

I DL - Dead l u a d  = h  * w - - 1 4 0 0  p s f  
Compi \ t e  I. i v e  l o a d ,  

L i v e  l o a d  ctrr e f f e c t i v e  p l a n e  at. tc lp  of p i p e  (LL) f r o m  
C o r r c r e t e  P i p e  Handboc~k ,  a c p a ,  1'388, pg 4-38 - 4-33: 

C r i t  i c a l  H S - 2 0  l o a d i r ~ g  c o n f i g u r a t i o n :  
F1 = F1clirlt Load  - - 4 8 0 0 0  L b s  

I I F  = Impact .  F a c t o r  - - 1  
L = L e n g t h  of F1lalrre - - 22-33 f t 
W =. W i d t h  c ~ f  F1larre - - 23. 17 f t  
F1avg = a v e r - a g e  P r e s s u r e  Flct irrg o n  F1larre 

1 = F 1 *  I F / W / L  ..-. - 33 p s f  

LL = L i v e  l a a d  - - 33 p z f  

Cc1r11put.e t h e  d e s i  g r ~  1  clad, 

3 p v  = D e s i g n  p r e s s u r e  = DL + LL - .... 1433 p s f  
St  .r-.uct. ur-e de5 . i  g n ,  

5 = Spar-I = d / l 2  - - 7.5 f t ;  

d c = R i n g  cump,-essiorr  = p v  *. 5/i2 - - r c  dd'38 p p f  

I-: = Load fac tor - .  - - 0. 65 

r = R a d i u s  o f  qyr-at  i u n  frclrn T a b l e  1-4, p a g e  4 2  i rr 
f c  = R l l o w a b l e  w a l l  stress frorn F i g u r e  3 - G ,  p a g e  1 0 5  p s i  

i a = W a l l  s e c t i o n  a r e a  = c/fc i r1..'2/ f t 
t. = T h i c k r ~ e s s  f r c~ ro  T a b l e  3-2, p a g e  107 i n  
I  = Mornent of i n e l - t . i a  f ron~ T a b l e  3-2, p a g e  107 i n " 4 / f t  
E = Modc!lus cof e l a s i c i t y  3E+07 l b / i n . " Z  

f f  = F l e x i b i l i t y  f a c to r  = d."2 /E/ I* l2  ( . a 4 3 3  f o r  f a c t o r y  m a d e  p i p e .  
( . C 1 2 C ) C ) . f a r  f i e l d  a s s e r n b l e d  p i p e .  

d  ./r fc  a 
( p s i  ( ir1."2/ft> 



- J 
t = Minirnurn t h i c k n e s s  f ctr s t r e r r g t h  - 0. 064 i n  

I - 
f 

Select t h  i c . l ! . ~ ~ e ~ . s  f clr a 7 5 - y e a r  first p e r f  o r a t  io r t  or 1 /? a v e r a g e  1  i fe, 
Y = Yea,-,s fell.- first p e r f u r a t  i o n  = - - 75 

I y = Y e a r s  for a v e r a g e  l i f e  = P  * Y - - 150 

pti = pH of sc t i  1 e r ~ v  i ror~mertt - - 8.3  

R = S a i l  r e s i s t i v i t y  - - 2ZOC1 ohm-crn 

I y l  = Y e a r s  f c t r  a v e r a g e  l i f e  f c t r  t=.052 irr. 
= 27. 5Bu ( l o g  ( R )  - l o g  (P16C1-Z43C~+lctg (pH) > for  pH (= 7.5 
= 2 .  34 * R.". 41, pH> 7. 3 - - €3  y e a r s  

af  = R d . j u s t m e n t  f a c to r  r e q u i r e d  = y / y l  - - 2. 17 

i R d j  u s t  rnerrt F a c t  ctr Used  ; 2.2 J 
Cctr respor rd  i r ~ g  t : 0. 10'3 i n .  





t = Minirnum t h i c k r r e s c  for st r e r i g t h  - - 0. 0 6 4  / i rc 
t 

Select t h i c k n e s c  f  c t ~  a  7 5 - y e a r  f i v-st p e r f  o r a t  i o n  car 1 /2 a v e r a g e  1 i f  e, 
Y = Y e a r s  fcon f irst  p e r f o r a t i u n  == - - 75 
y = Years for a v e r a g e  l i f e  = 2 * Y - - 1  50 

pH = pH o f  scl i 1 ertv i rorrrt~crtt - - 8.53 
R = S o i l  r e s i s t i v i t y  - - ? - dzC)C) ohm-crfl 

li yl = Y e a r s  f u r  a v e r a g e  l i f e  f c ~ r  t=.052 irr. 
=E 27.58*(1~1~(R1-1~19(2lE.C)-249C)*1~19(pH))) fur pH (= 7.3 
= 2 . 9 4  * R"'.41, pH>7.3 - - E.9 y e a r s  

a f  = Rdjuz-Lment f a c t o r  r e q u i r e d  = y  / y1 = 2. 17 
a d  j crstment Fsct o r  Used r 
Cclrrespclrrd i rig t : 0. 109 i n. 

A,, & sr/-csrgFL 0 , o b y  



t h  S t r e e t  EK30'37 
t:lt-rccgateL P l e t a l  Flipe  7/18/91 

hti-uc.t; ul-a1 D e s i  grr EJF/KM 
---.-.-..-.-----.- --"--" ---------.--..---- -..-.-- .---.----------.--- ----------- ------- _-__I___--.- ---.- *-.-.----.------.- .----- ----.-- --..-----..-- ----..--.---- ---------- ---.-----. 
H i i , p ~ d b ~ ~ u k  of Steel D r a i n a g e  ai-id Highway C o n c l t r ~ ~ c t  i o n  P r o d u c t s ,  
nrner- ican a n d  Steel Irr5t i t u t e ,  1 9 8 3 ,  Chap te r -  3, P a g e s  33-124 .  

-------.----------------------------------------------------------------- -.-----------------------.-------------------------------------------------- 

i t  e csrrd i t i or1~3, )r P I P E  RECORD NUMBER: 1 C) 
LOCOT I ON : STR SG+.OO 
d = P i p e  d i a m e t e r  - - 78 irt 

PI = H ~ i g h t  of cove>-.  - - 10 f t  
w = W e i g h t  of s o i l  - - 1 4 0  p c f  

b s d  = P a c k f i l l  s c l i l  d e r r s i t y  (QQSHTO s p e c i f i e d )  = 35 % 
pl-.I = pH of s o i  1 e r rv i  rctrrrnerrt - - 8.3 

R = S o i l  r e s i s t i v i t y  - - 22~10 ohm-cm ........................................................................ 
o m p u t e  d e a d  l o a d ,  #r DL = Dead l o a d  = h r w - - 1 4 0 Q  p s f  

C o m p u t e  1 i v e  l o a d ,  
L i v e  l o a d  o n  e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL)  frorn a] . C o r r c r e t c  P i p e  Handbook,  a c p a ,  1388, pg 4-38 - 4-33: 

Ct-i t i c a l  HS-EO lcladirrg corrf i g u r a t  i o n :  
Ft = P o i n t  Load  - - 4 9 0 0 0  L b s  
I F  = I rnpac t  Factctlfi  - - 1 
L = L e n g t h  of F1lar te  - - 22-33 f t  
W = W i d t h  ctf P l a n e  - - 23.17 f t  
F1avg = R v e r a g e  P r e s s u r e  R c t  i n g  curt P l a r t e  

= F 1 * . I F / W / L  - - '33 p s f  
LL = L i v e  1cmd - - 33 p s f  

C o r t ~ p u t e  t h e  d e s i g n  l o a d ,  
pv = D e s i g r ~  p r - e s s u r e  = DL i- LL - - 1 4 3 3  p s f  

. S t ? - u c t  ur-e d e s i  grr, 
5 r.z Spart = d / l 2  - - 8.5 f t  
c. = R i n g  c o m p r e s s i o r r  = pv * s /2  - - 4 8 5 2  p p f  
k =: L a a d  factot. - - 0. 65 
t-, = R a d i u s  of gyrat i r - t i - I  frorr~ T a b l e  1-4, p a g e  4 2  i n 
fc - n l l c l w a b l e  w a l l  stress frorn  F i g u r e  3-13, p a g e  1 0 5  p s i  
a = W a l l  sect ic~r r  area = c/'f c i rr."2/ f t 
t = Thic j .~r tesc l  frc~rr? T a b l e  3-2, p a g e  107 i n 
X == Mc~r~?errt of i n e r t  i a frclrn Tab1  e 3-2, p a g e  107 i n e " 4 / f  t 
E = Modc!lus o f  e l a s i c i l y  3 E t O 7  lb / i r l * . "2  

f f  = F l e x i b i l i t y  f a c t o r  = d."i?/E/I*12 { . O 4 5 3  for -  f a c t c t r y  rnade p i p e .  - 
( -0200 f o r  f i e l d  a s s e r n b l e d  p i p e .  

i 

975 3'383 1.216 0 . 1 0 3  0.010 0. 23E 
Zx 1 ,/2 0. 1 7 0  4 5 3  17652 0.275 CI. 034 0. ooe 1 . 3 5 2  TOO 

. p-2/3x 1 /2  0 . 1 7 2  4 5 3  1 7 3 5 6  0.270 0 . 0 3 4  0. 01 1 0.217 11 0 . 3 4 4  227 25385 0. 1 3 1  0. 0 3 4  0. 051 

0. 003 

Z 
0. 0 4 7  ' 

0.368 2x2 25385 0 . 1 3 1  0.0154 0 . 1 0 ~  o. 0 2 3  J 
, 6 x 2  0. 1588 113 25385 0. 1'31 0.103 0. 725 / 



t = Nir~irnurn t h i c k r 1 e s 5  fear s t r e r r g t h  - - -. 0.064// i n  
E 

S e l e c t :  t h i c k n e s s  far a 7 5 - y e a r  f i r s t  p e r f o r a t  ictn car 1/2 a v e r a g e  1  i f e ,  
Y = Y e a r s  for first p e r f c a r a t  icarf = - - 
y  = Y e a r s  f o r  a v e r a g e  l i f e  = 2 * Y - - 

pH = pH o f  ccai 1 errvirctnrnent - - 
R = Scail r e s i s t i v i t y  - - , y l  = Y e a r s  far a v e r a g e  l i f e  fcar t = . O 5 2  i n .  

= P7.5B*~(lcag(R)-lcag(Z160-2430*lc1g(pH))) fcar pH (= 

= 2. '34 w R"'. 41,  pH) 7. 3 - - 
af  = Fld.justment f a c t c a r  r e q u i r e d  = y / yl - - 

Rd j u s t  rnerrt F a c t  car Used : 
C o r r e s p o n d  i ng  t : 

7.3 
6'3 y e a r s  

2. 2 
0. 109 i n .  



I 3t t i  S t  l-.eet EK3O37 
cct r l - .ugate t  Metal p i p e  ' 7/18/91 
S t r u c t  ~rr-.a1 D e ~ i  gri E(JF/KM 
---.--------.--"---.--.-.--..----------.----.---.-------.-------------------------.--- ------ -----.----------.-------,--.-------------------------------------------------- 

1 R e :  Haridboolt  of Steel D r a i r i a g e  a n d  H i g h w a y  C o n s t r u c t i o r i  P P C I ~ U C ~ S ,  
R m e r i c a n  a n d  Steel I n s t  i t  u t e ,  1983, C h a p t e r  3, P a g e s  99-124. 

............................................................................ 

S i t e  c a n d i t i o n s ,  ( P I P E  RECORD NUMBER: 11 
LOCRTION: STR 5 3 + 6 1 .  60 
d  = P i p e  d i a r n e t e r  - - 

I 
7 B  irr 

h  = H ~ i g h t  o f  c o v e r  - - 11.5 f t  
w = W e i g h t  of s o i l  - - 1 4 0  p c f  

b5d = E a c k f  i l l  s c t i  1 d e n s i t y  tfiFSSHTO s p e c i f i e d )  = 95 % 

I pH = pH of sai 1 e r ~ v i r c ~ n m e r i t  - - 8. 0 
R = S c t i l  r e s i s t i v i t y  - - 3670 ohm-cm 

........................................................................ 

I C o m p u t e  d e a d  l o a d ,  
DL = D e a d  l o a d  = h  w w - - 1610 p s f  

C o m p u t e  l i v e  l a a d ,  
L i v e  l o a d  ctri e f f e c t i v e  p l a r ~ e  a t  t c t p  u f  p i p e  ( L L )  frctrn 

I C o n c r e t e  P i p e  H a n d b o o k ,  a c p a ,  1988, pg  4 - 3 8  - 4-33 :  
C r i t  i ca l  H S - 2 0  l c l a d i n g  c o n f i g u r a t i o r c :  

P = Pct i r i t  L o a d  - - 48000 L b s  

I I F  = I r n p a c t  F a c t o r  - - 1 
L  = L e n g t h  ctf Ftl arie - - 24.35 f t  
W = W i d t h  o f  P l a n e  - - 25.73 f t  

i 
P a v g  = R v e r a g e  F t r e s s u r e  act i r rg  o n  Plarle 

= p * I F / W / L  - - 75 p s f  
LL = L i v e  l c tad  - - 75 p s f  

Compcrte t h e  d e s i  gri l o a d ,  

8 p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1685 p s f  
St  l - c c c t  ul-e d e s i  grr, 

5 = S p a n  = d / l 2  - - E . 5  f t  

4 
c = Rlriq compt-escriorr  = p v  * s / P  - - 5 4 7 5  p p f  
I.. = Lclad f actor - - 0. E.5 
r- = R a d i u s  of g y r a t i o n  frclrn T a b l e  1-4,  p a g e  42 i n  

f c  = F l l l u w a b l e  w a l l  s t ress fuorn F i g u r e  3-6, p a g e  105 p s i  
Wall s e c t i o n  area = c/fc i r1."2/ft 

t = T h i c k r i e s s  frctrn T a b l e  3-2, p a g e  107 1 a =  i ri 
I =. Morner~t ctf i n e r t i a  fr-orir T a b l e  3-2, p a g e  107 i r1'"4/f t 

1 E = Mudct lus  ctf e l a s i c i t y  3E+C)7 1b / i r1 . "2  
f f  = F l e x i b i l i t y  factol- = d" 'E /E/ I* lZ  ( - 0 4 3 3  fo r  f a c t o r y  rnade p i p e .  

( .OEOO for  f i e l d  a s s e r n b l e d  p i p e .  

I C o r r u g a t  i o n  r 
l i r i )  ( i n )  ( p s i )  < i n " P / f t  1 ( i n )  ( i n 0 " 4 / f t  1 

) 1 - 1 / e x 1 / 4  0. neo 375 3363'3 1.372 0. 138 0. 03.4 0.168 
E x  1 /2 0.170 4 5 9  17652 0. 310 0. 0 3 4  C). C)C)E' 1.352 roo 

I *-z/zx 1 /2 0.172 4 5 3  17356 0.305 0 .034  c). 011 0.217 H,sLC, I ' z ; :  0.344 0. 368 227 212 25385 25385 C). 0 .  216 216 0. 0. 0 3 4  0 6 4  C). 0. C ) 5 1  1015 0. 0 4 7  
1 

0. 023J 
: c x 2  C). € 8 8  113 25385 0. 216 CJ, I C I ~  CI. 725 0. C I C I ~ "  

1 



t = M i  rr i rnurn t h i c k r r e s s  f  clr 5t r e n g  t h - - 0. OG4 / 
I -- 

i rr 
t 

S e l e c t ;  t h i c k n e s s  f o r  a  7 5 - y e a r  f i r s t  p e r f a r a t  i o n  or 1 / E  a v e r a g e  1 ife, 
Y = Yealas f clr f i rst p e r f  orat  i o n  = - - 

I y = Y e a r s  f o r  a v e r a g e  l i f e  = 2 * Y - - 
pl-1 = pH of soi 1 errvi  ronrnent  - - 

R = S a i l  r e s i s t i v i t y  - - 

4 y l  = Y e a r s  f o r  a v e r a g e  l i f e  for t=. 852 irr. 
= 27. 58* ( 1 clg ( R )  -1 og  (21 6C)-Z430*1 ctg (pH) f a r  pH (= 
= 2. '34 * R".. 4 1, pH) 7. 3 - - 

af = Rdjus t rner r t  f a c t o r  r e q u i r e d  = y  / y1 - - 
Rd jus t rner r t  F a c t o r  Used : 
Cctrrespctnd i rig t : 

7.3 
05 y e a r s  

1.76 

""J ir lm 0. 109 

f , ,  s / Y ~ ~ P L  = O.UGf5' GJ 

f,,,i C,r P ~ ~ V T D S ~ O A  = 0 1 / 0 7  L-u 



,qt .h St,-pet: EK30'37 
/ ~ o r i , . u ~ a t r ; ~  Mctal P i p e  7/18/91. 
' S t r u c t  ur-a1 D e s i  girl E(JF/KM 

"" -..-..------.--- --- ............................................. -- ------- --.-- -----------------------------------.------ ------------- 
: HaiFrdbauk of Steel D r a i n a g e  arrd H i  ghway C o n s t r u c t  i o r ~  P r o d u c t  5, 

Rrilericart  a n d  Steel I n s t i t u t e ,  1'383, C h a p t e r  3, P a g e s  '3'3-124. ........................................................................ ........................................................................ 
:S i t e  could i t i o n s ,  

l i  Ft I FIE RECD RD NUME(E R : 12 
LOCRTION: CL STR 5'3+76.47 
d = P i p e  d i a r n e t e r  - - 78 i n  

II h = H e i g h t  of c o v e r  - - 12.5 f t  
w = W e i g h t  of s c t i l  - - 1 4 0  p c f  

b s d  = E a c k f  i l l  soil d e r t s i t y  CRQSHTO s p e c i f  i e d )  = '35 % 
pH = pH of soi 1 e r l v i  rctrlrner~t - - 8. 0 

R = Soi l  r e s i s t i v i t y  - - 3C7C) ohm-crn 

C o r r ~ p u t e  d e a d  1 o d d ,  
DL = Dcad l u a d  = h * w - - 1750 p 5 f  

Cctrnputr 1  i v e  l c ~ a d ,  
L i v e  l a a d  cir~ e f f e c t i v e  p l a r r e  a t  t c lp  of p i p e  (LL) f r o r n  

I] C u r r c r e t e  P i p e  Handbook,  a c p a ,  1'388, pg 4-38 - 4-33: 
C r  i t i c a 1 H S - 2 0  1  clad i rig c o n f  i g u r a t  i urr : 

C = P c t i ~ ~ t  Lctad - - 4 8 0 0 0  L b s  

I1 I F  = I rnpac t  Fac t ca r  - - 1 
L = L e n g t h  of Ft la r le  - - 26.70 f t  
W = W i d t h  of Ff la r ie  - - 2 7 . 5 4  f t  

11 
Ftavg = a v e r a g e  P r e s s u r e  R c t  i n g  o n  F 1 l a n e  

= F t *  I F / W / L  - - € 5  p s f  
LL = L i v e  l c ~ a d  -. - € 5  p s f  

Cctrnpctte t h e  d e s i  grl l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 1 8 1 5  p s f  

S t r - u c t  I-I~-E d e s i  gut, I' 
5 = Sparr = d / l 2  - - 6.5 f t  
c = Rirtg c o r n p r e s s i o r r  = pv * s / 2  - - 5'300 p p f  

ul I: = Lctacl f a c t c w  - - 0. €5 
r = R a d i u s  o f  g y r a t i o n  frorn T a b l e  1-4, p a g e  4 2  i n 

F c  = a l l o w a b l e  w a l l  stress frctrn F i g u r e  3-6, p a g e  1 0 5  p s i  

81 a = W a l l  sect i o n  area = c/fc ir~. ' .Z/f t  
t = T h i c k r r e s s  frctrn T a b l e  3-2, p a g e  107 i UI 

I = M o r n e r l t  o f  i n e r t i a  f r c~ rn  T a b l e  3-2, p a g e  107 i r1 ' "4 / f t  
E = M ~ l d ~ i l u s  of c l a s i c i t y  3E+C);Z 1 b /  i r1."2 

f f  = F l e x i b i l i t y  f a c t o r  = d."E/E/I*lZ ( .(I1433 f c t r  f a c t c t r y  rnade p i p e .  
( .0200 f c t r  f i e l d  a s s e r n b l e d  pipcl. 

I C c t r r u g ~ ~ t  i o n  r 
, ( i n )  ( i r ~ )  ( p s i  ( i n ' " ' P / f t )  ( ir t)  ( i n 3 " 4 / f t  ) 



t = Minimum t h i c k n e s s  f u r  s t r e n g t h  - 

li 
- 0. 0 6 4  i rt 

t 
Iselect t h i c k r ~ e s s  far. a 7 5 - y e a r  first p e r f o r a t  iorc or 1 / 2  a v e r a g e  1 ife,  

Y = Years for f i r - s t  p e r f o r a t  i o n  = - - 75 

I y = Years fo r  a v i z r a g e  l i f e  = E * Y - - 150 
pH - pH of sai 1 environment - - 8 

R = Soi l  r e s i s t i v i t y  - - 3670 uhrn-crn 

1. yl = Years  fol- a v e r - a g e  1 i f e  f c ~ r  t=. 052 in. 
= E7.5Bw ( l a g  ( R )  - l u g  IEl6C1-24'30wlc~g (pH) 1 )  f c l r  pH (= 7.3 
= 2 - 9 4  * R . " . 4 1 ,  p H > 7 . 3  - - 85 y e a r s  

af = Rd.just rner~r t  f a c t c a r  r e q u i r e d  = y / y 1  - - 1.76 
R d j  u s t  rnent F a c t  or Used r 2. 2 
C o r r e s p s r r d  i n g  t : 0. 12b3 / i n .  



-.----"-------.----.-.----.-.-"----"-.-----.---------.----.-------.----.-.----------.---.-----.-- -..- -.--..-.-- ...... -..-- ...... - .............. -.. - .... ----.- -..- -..... . ---.-- ...... -.-.. ...-.. -.-.. ---.-.-. 
if:c: I-far-:dl.?lzlcll.,: t:lf S t ~ e !  I ? r a i . n a g c  a n d  I-lighway C : o n s t r u c t i o n  F ' r ~ ~ d t t l : t s ~  11 A m e r i c a n  a n d  Steel  T n s t : ' . t ~ l t e ,  1 9 8 3 ,  C h a p t e r  3, F 'AQP~,  9'.3-.124. 
--------..------..------------.-------------------------- ----------- ------ ----- -- --- +- .. .............. -",, -..- .. ......-.-.......--...-- - --.." ---, . -.----,...*----.------" --.----,.-------- "-.- ,------------ 

l l S i t ~ ?  I : I : I E K ! ~ ~  it:1ns9 
F' I k E  F:EIIC?EI? I\IC!MFER : I. 3 
LO!::AT I ON: CL  ST,^ 23-1..45 STUEOUT 
d :- p j . ~ e  c j i~nle ter  -. - 66 irr 

U !-I .= l.l~:inht- ~:tf c o v e r  - - 1 1 . 5  f t  
w z:: W e j . n t l t  ,:if s o i l  -. - 1 4 0  p c f  

bsd = Eal:l : :f i l l  slzlil d e n s i . t y  (:AASt-ITCI s p e c i f i e d : )  = '35 % 
pt-1 = q i l . t . !  a f  ~ : : > j , l  e r i ~ i ) - ~ , n , n ~ r i t  -. -- 23. 2 

I! p: -t S f ~ i l  r e s i s t i v f t ; ? .  - - 9, ,..,SJ(:) 7 ~:~hm--~:m 
I- -. -.- ... - ... - -. -- - - -- - - - - -" - -- -." -". -". -- - - -. --. -. .... --. *". - -.. -. -" -. -. -- - -. -. -. -- - - - - -. - -. - - - - - -- - - - - - - - - - - - - - -- -- 
!I:ci~;,:.!.t e cjcad I clad. 

DL- -= Deacj l oad  =. h  +. w - -. I F ~ I ~ : )  p s f  
11Cl:lm12L:~; c 1  i vc 1 l:6cd f 

!..ive I.i:~ad o n  ~ f f e c t i v e  ~ i l a r i e  a t  t o p  o f  p i p e  (LL:, f r o m  

1' -. 
lZ~:ln~: r e t  e P i p e  Har.ldb~:ll:~C::, a c p a ,  1988, pe 4--38 .- 4-"3m a%.J s 

~-.ri . t . t ! :al  t,!S--2r:! !.~:~ncij.r~q t : ~ : ~ r l f i q t r r a t i o n :  
F' = p o i n t  Loac! - .-. .I 9 (:> (1) 0 L h s 
I F  =: Impelzt  Factl:~r - - 

l i  
1  

L e.- L - e n q t h  ~rtf P l a n e  -- -- 24.135 f t  
G! == I d i d t h  o f  F ' lann - -. 25 .7 '3  f t  
F a v g  = A v e r a g e  P r e s s u r e  4 1 : t i n g  I:tn P l a n e  

(1 = F' .t" I F- .:' ./ !.. -. 75 p s f  - 
1-! ... - L i v e  I clad 75 p s f  - .-. 

I::,z~-L!~: 5. t hp clec; i g~ 1 o a d ,  
!- 

z\,., = Fec.i.qr7 ~ J ~ E S , . , S L \ ) ~ ~  - [)L f !-[- - .-. p s f  
/st-um:$c>-r + z i ~ ! - ~  I$ 5:. -: S7c.y - &J?,z :  -. ..... 5 , s  f?: 

y: ..+nt; p : , : I : ~ ~ ~ ~ - I : I  =. p \ j  3. s/:C: - .,.. f ic.33 
8 ,-.: .2 ..I p  7 f 

(I !:: 7 !...oatrJ f a c t o r  -. -. u 6 5 
?- =? F:<?.: i iu~. clf g y r a t i c t n  frtzgrn Table !-4, p a g e  42 i n  
fc =: PI. .! I : : I w ~ ~ !  e wal l .  ~ t r e 5 . s  frlsm Fj.p;.!re - 3-,&. r!ay~e j,Q5 psi 

....... .... 11 
.. -- 

la! a I 1 s e I: t i. I:, r l  a. .Y e 2 = I: ,/ f I: i n .". 2 / f t 
t. -: Tt-i2,cI::;1ess f r c t n  Tab1.e 3-2? p a g e  107 i n  
I = Mlsment I:,? i n e r t i a  fr:z~m T a b l e  3-2, p a g e  107' i j-7 "LI ,/ f {; 

3:: hl 2:. ;j i!. 1  5 I::I f p 1  3, 5 j i t y  ~ E - I - 0 7  l b / i n " Z  
i f  = F l e : i t i b i l i t y  fs.l:tl:tr .- d . " 2 / E / I + l 2  .:: ,(:)4:7:' f~:~r fal::t;~:~ry madel p i p ( a .  

.:: .(:)201') f o r  f i e l d  ~ s ~ . e m b l e d  p i p e .  



t 
$ 5 ~ 1  PI: t tt! j.c.!.:r-!er:c. f4::ir a 7 5 - y e a r  f  j.r c;t: p e r  f o r  a t  ilzm or 1. /2 a v e r a g e  I j. f e ,  E - .  

Y -71 Years f I : : I ~  f  i r st p e r  f o r  a t  i 1:1n = - -- . 75 
y 2: Yt.,ars f~::~r a v e r  age I i f e  =. 2: *. Y - -. 1 50 I' pk-i =:- pH o f  .roil envirt : tnment - - 13 a 2 
F;: .= Soil. r e z : . i ~ . , t j \ ~ i t y  - - 393i:) ohm--c m 

y 1  =: Yei.!r~, ~ I - I Y  a v e r a g e  l i f e  f c ~ r  t.r.(:)52 i n .  

E ' - 27.~E?+(lct~!:~:)- I1:1q(21E:.0--2~1.~30SF11:1~(~H:):):)  - f c ~ r  pH .::= 7 . 3  
.= 2.514 w. p" . .41 ,  ~ ~ : : : . 7 , , 3  - -- 88 y e a r s  

- af - Ad.jc.r!z-kment fac-kar r e q u i r e d  - y / y l  - 1.71 
A d . j u s t m e n t  Fa11 t lor Used : 
C:oures.pclriding t : .  i n .  



Re: I...landbl:ll:~l:: ~::tf S t  el11 D r a i n a g e  a n d  I-lighwav C:onstrul:t i o n  F'rcldul: ts, 
Am@!- i c a n  a n d  Citeel .  I n s t  i tr.\te, 1983, C : h a p t e r  3, F'aqer, '33-1.24. 

~~=.~=~:-=:~=.~::~~~,:~~~:~~=:=.-~:z~-~z~~z"~=z~z.~~====z:======z~===~~z==:==z~====~~=====z~~ 

S i t e  c o n d i t i c t l n s ,  
P I  F'E F:EC:OF:I? NLJMEER: 
L.O!::AT ION: 
d =: P i p e  cliamet el- 

- - 1 5  i n  

h =. H e i a h t  I Z I ~  1:t:lver - - 1 1 . 5  f t  
- w =. W e i g h h z ~ f  seli.?. - 140 p c f  

bsc! = I 3 ~ 1 : I : : f i l l  ~ 1 r 1 i 1  d e n s i t y  (AASHTO s p e c i f i e d : )  = a:, CZ 
../,..I % 

pi-I = l ~ ~ f  $!oil e n \ * # i r o n m e n t  - 53 . (:) - 
F: :z S c l i l  r e s i s t i v i t y  - - .iG7(:I ~::lhm-c n; 

--_ ...-.-.-. .------ __-.---- --.---------* -.----*-.------.-----------.-------- ---------------------- 
C:omnut E d e a d  I ~:~:lad, 

DL = D e a d  l c ~ a d  = h * w - -- l € 1 0 p 5. f 
~C:~smpc!te  ? i.\.?e I . o a d ,  

L i v e  l o a d  o n  e f f e c . t i v e  p l a n e  a t  tc tp  1:1f p i p e  CLL) f r o m  
r::l:~ncretp P i p e  Handbolz~l::, a c p a ,  1 '398,  p g  4-38 - <?-33: 

1 1 : r i t i c a l  1-15-20 l c l a d i n g  c o n f j . c ; u r a t i o n :  
F5 = P ~ ~ i n t  I,t:~ad - - 49!:)(3(:) L t l s  
I F  - I m p a c t  F a c t o r  - - 1 
1.. - Len!;th F'lane - 24. '35 f t  - 
W -: CJidth  o f  F ' l a ~ i e  - -- 25 .7 '2  f t  

Pa\>/$ == Flveuage  F'r ess~rre  A c t  .i.ng 1:1r1 F'! s n e  
= F ' Q . ? F / W / L  - - 75 p s f  

L.L. = L.i ve l clad - -- 75 p s f  
I1:clr;pute t h e  d e s i g n  1 g a d ,  

p v  = D e s i g n  p rec i ; s i .~ re  = DL- -t. LL- - -. 1685 7z.f  
~ / C t . - ; , t ! : t u r c  d e s i g n .  

5:; " SF) 2, r j  z:: d ,:/ j, 2 - 1 - 2 5  f t 
I:: == F : i n ~ :  I : ~ : I ~ ~ ~ ~ ~ E E ; ~ I : I P  =.1 p~ .#. c / : Z  -. i .L (->yT . ,. .-2 p Fj f 
1:: =. 1-4:iad f a ~ : : t o y  - .-. 0 .  65 
r .- F:a:dic!s !:~f g y v a t  il:ln f r o m  Tab!@ 1-4 ,  page ~ + 2  i!-! 

f c  = 1 owabl. e un!. 1 ~ . t t - ~ z z .  f r ~ ~ m  F- j .g~[ t - ,~  3-&? p a g e  ?(35 p s i  
a = [Jail 5e1::l; i o n  area = I: , i f c  i ." '-' / f t 

.L / 

"i. 1- Tk; j. ;: ! : : n e s s  f rclm T a b  1 e 3-2, u a ~ e  1i117 i r\ 
I - Jvll:~ment 1:1f i n e r t i a  frlrlrn T a b l e  2-2, paye 1i:I7 in ."4/  f t  
E :- klt::ldi.rI~r~lj I : I ~  e 1 a ~ ; i c i t y  3~+..~:)7 lb,/in.....2 

#I  f f  . i F l e x i b i l i l ; y  f,~:t:~y ; - d . " . ~ 2 / ~ , ~ / I r l ~ : . : : :  .-<:)1::31 f o r  f a : t : ~ r y  m a d p p i p p .  
.::: .(:)200 f o r  f i e l d  assernt? l .ed  p i p e  



t Minimum thil:I::nec,r-; f u r  s t r e n g t h  

C 
. ,p ] .ect  t h j . c l : : n e . r s  fl::,r a 7 5 - . y e a r  f  i.rcrt: p e r f ~ s r a t i c ~ n  or 1 / 2  a v e r a g e  l i f e ,  8). -- 

Y .- Years fctr  f i r s t  p e r f ~ - t r a t i c l n  =I 
- .  -- 75 

y E Years f o r  average  l i f e  = 2 -E Y - - 1 st:) 
pH =I pH 111f slril  e n v i r ~ : t n m e n t  - ..-. 3 

i !! F: =r S1z1i1 r r s i c t  i v i t y  - - 3670 t:thrn-c m 
y l  = Y e a r s  fl-~r a v e r a g e  l i f e  f o r  t= .C)52  i n .  

[I - - 27. 5e.w. i: 1 clq (F:) -1 t:,g !:21&<)-24'3(:).K1 og !:pH> :) :) f c ~ r  pH .::I= 7. 3 
- -.. 2 , 4 jt. F: ..'. . 4 . ? b Y  p!4:':.7"3 - -.- 85 yea r s  

a f  = R d . j ~ . l ~ t m ~ n t  f a c t r t r  r e q l . r i r e d  = y / y 1  - - 1.76 

Rd. jus t  mer;  t F a c  t~-!r lJscd : 2 : ~ ~  
C:c!rrec .~l :~nding t: t:). 1u9 in. 

-'. A,, d c s l w  - a. /a? w 'Z  pf= - 



13th S t r e e t  E I ,:: 3 CI 03 7 

I !::cu-a:c.tgateck Metal .  P i p e  7 / 2 2 / 1 
!F +..ru~:t;~..:ra..l 4- D e s i g n  F:JF / t.3-l 
---.,.----.-,.---..---.,-..-..-.-.-----.-----------------.----------------.------------------- ---- - - -. -- -, -., . .. .. ., "". ". -.. -,, -.. -. ..... .... -.. -* - -.- ..... -... -.. -. .- - - -- - -. -. - .". - -- -- -- -. -. -. -. -- -- -. - - -...- - -. .- - .-- - .... - 
R e :  t.iandb~:~l:li:: ~:lf Steel  D r a i n a g e  a n d  H i g h w a y  C:~=~n+trut:t;it:tri P r t : ~ d u c t s ~  

A m e r  i c a n  a n d  Steel I n s t  i t u t e ,  1983, 1,:hapter 3, P a g e s  99-1'74. .. 
.----- --------.----------------------------------- ---------- ------------------ --.--.--*..-.---.--."-.----.----.----."------------..-------"------- -- -----" -..----- - ----- - ----- -- ---. -- 
Si te  c c l n d i t i o n s ,  

P 1 F"'E REC:DF?l! NUMBER : .- ,L 
1-@CAT I ON: STA 53-1-70 
d = P i p e  diameter - - 18 i n  
h := H e  i uh t I:# f c #:aver - - 1C1.5 f t  
t,~ :- [ .*Jeight:  o f  soj.1 - - 1.40 pc f 

t?sd =-- Eat: I:: f i 1 1 sl:ti 1 d e n s i t y  (:ARSHTO s p e c  i f ied:) = '35 % 
pt-l = ~ 3 t . i  ~rif sl :~j . l  er!vi.r~:lnment - - t3 . (1) )I B = S o i l  r e s i ~ t i v i t y  - -- 3070 ahm-cm 

) -.-.. -.. .-..-- -...-- ---.---.. -.---.- -..- -------.--.------.--- ------ - - -  . - - I - . - - I - .  

!:omput e d e a d  1  lad, 
DL. = Dead  lc tad  = h * w - - 1 4 7 0  p s f  

lmput e 1 i ve 1 clad,  
L i v e  l c tad  or7 e f f e c t i v e  p l a n e  a t  t o p  tz~f p i p e  (:LL:) frlzlrn 

r : o n c u e S e  P i p e  Handbctt:~l..:, a c p a ,  1988, p g  4 - 3 8  - 4-33:  

( !::I- i t  j , ca?  !-IS-20 1 o a d i n g  c o n  f i g u r  a t  i o n :  
P = F'1:t.int L111ad - - 480(:)(:) t - b s  
I F  - Impact F a c t o r  - - 1. 
!- = 1 - e n p t h  t:lf F ' l a n e  - - .:. 7 

L,.,. 3:) f t .  
l~! = W i d t h  1:1f P l a n e  - -- 24. 0 4  f t 
Pavg =. Aver  a p e  F'r essc..tre Rl: t i n g  cln F l  ane 

= P * . I F / W / L .  7 - BE. p s f  
I-L. = 1. ?'. v e  I clad - - 8€ p s f  

C:i:lrnp~ti.; e t: he der , ic ;n  1 oad, 
;:\,, .r Dez.j.qn p l r e s s l . ~ l r e  =: DL -1- !-L. - 1556 p s f  

~ f t r ~ t ~ . t ~ . ~ : . ~ C  dt::~ipn, 
= Span = d / 1 2  -., - 1 . 5  f t  

11 c: F: j. ;-, $; ,: r:, p 1- ~2 .::. j, - p \,., .F. r-- -2 / '7 .,.- -- ! 157 p p f  
!.:: -: L r ~ a d  f 51:t: - - r:) . fi 5 @ r - Rad? ' l . - !~  elf gyrati! : ln f r ~ m  Tab?.e  1 - 4 ,  p a g e  4 2  i n  

fc:  :-: r-?!. 1. clwab!. e w a l l  S ~ Y F I ~ C ~ ~  fr~:trn F i g u r e  3-6, page 1.05 I:! s 2. 

a := b!a!.] 5p:::2: j1:1:117 ay-ea = c / f c  i r, -''2 / f t 
t =-: Ty;j.cl.::nes~; frctm T a b l e  3-2, p a a e  107 j. n 
1 - Mi:tmpnt o f  i n e r t i a  fr!:+m T a b l e  3-2, page 1 0 7  i n A 4. ;/ f t 

=: MI::# c? u 1 11 5 1-1 f e 1, 51 5; i c i .t \?.J 3E+.(:)7 l t I , / in ." .2  
f f  F l e : ; : i b i l i l ; l i *  factt:lr = d">Z/E/ I*12  .::: .(I1433 f l : ~ ~  fc?;~:t,:~ry  mad^? p i p e ,  

.:: . ~zi.)$ f I C I ~  f i el d a s s e m b  1 e d  p i p e .  



t ~2 tIinim~.tm i;hicl: :ne:ss f u r  s t r e n n ' t h  - - (1) . 3 &:t J i n  - 
a 

Eel ect t t.1 i c  l::nes;~; f  clr ~i 7 5 - . y e a r  f j.r ~ , t  p e r  f1:.8r a t  i o n  clr 1 / 2  a v e r  aue 1 i f  e, 

y  -: Years f o r  a v e r a g e  1 i f  e = 2 *. Y 
p~ .-- pt-l I : I ~  s o i l  e n v i r c t n m e n t  

R = S c ~ i l  r e s i s t i v i t y  
yl = Years ft:lr a v e r a a e  1  i f e  fctr t = . ( 3 5 2  i n .  

= 27,~~r~(: ] .c1g(F:: ) - ] .oc~(216(:)-24~(:)~~11=1g(pH~):) : )  f o r  pH .:::= 7.3 
.-- '-1 A- . 9 .I. w. F;:.,". , 4 1 , p H 1::. 7 . 3 - -. 85 y e a r 5  

a f  = Ad.ji.rs-k.ment f a c t c l r  r e q i . t i r e d  = y  / y l  - I .  76 
Ad. jus t  men?: Fal: tl:~r Used : 2 . 
C : c l r r e s p o n d i n g  t : 0. 1 0 . ~  / i n .  



9 t h  S?-reet E I::: 3 0 '3 7 
7/22/91 f:nrr;c!gate% M ~ t a l .  FZ'ipe 

Ft:rL(I^ ~ C I I ' Z !  DPZ ipr1 I EJF / t<M 
_.-_ --_.-.---. _ -.-- _̂ ..- -..---..--- - ---.--------.--------- -- ------- -------------------,--- ..-...... _.I_.._..^._.-.__.._.._."" -_.-_ .-,- __.....- -..-.-.- *-1------.-,--- 

,,F:e: t-4andb1:tl:nl:: 1:8f S t  eel D r  a i n a g e  a n d  H i g h w a y  1::onstr ~ r c  t i ~ : ~ r i  F'rl:~dut: ts, 
Anlev i ~ r  a n  a n d  S t ; e e l  I n s t  i t u t  e, 1983, C h a p t e r  3?  F ' a g e s  9 9 - 1 2 4 .  

__-_____-__----_-__---------------------------------------------------.-- 
"_ ..-- ---- _-__ " __---------------------------- ------- .-..-...------ -----.----------------- 

S i t : ~  ~:ondit i . t : tns,  
F'1:F'E FIEC:ClRT) NLJMEEF:: 3 
LOCATION: STA 5(:)-f-i(:) 
d =: P i p e  d i a m e t e r  - - 18 i n  
h = H e i g h t  ~zlf lzctver - - 

I 
1 (1) f  t. 

w = W e i g h t  c ~ f  s c ~ i l  - - 140 p c f  
b s d  = Ba11I::f i l l  s l : l i  l d e n s i t y  CAfiSHTD s p e c i f i e d : )  = '35 % 

pl-l - pl-l 11tf s o i l  e n v i r c ~ n m e n t  - - E?. 9 
- - .yo .ye F: - Slrlil r e s i s t i v i t y  LL(:)C) I Z I ~ ~ - I : ~  

1 ---,----..--,--~.-..------..---,----------------------------- - -----------------------.,--. r 
C:lr~rnpt.( t e d e a d  1 clad , 

DL, -- Dead  1 clad = h *. w - - 14(:)0 p s f  
:.f::ctmpvt e 1 i v e  l oacl t L i v e  l o a d  csn e f f e c t i v e  p l a n e  a t  t o p  o f  p i p e  CLL:) f r o m  

d . J .  C : o n c r e t r  P i p e  Hanclb1:11:11.::, a ~ z p a ,  1 9 9 8 ,  p p  4 - 3 9  - 4-"3m 

i C:r it.il:al EIS--2!:! l . c ~ a d i n g  c o n f  i g u r a t  i.cln: 
P =. F ' c ~ i n t  L~rlad - - 4 9 0 t:, (:) !. b c. 
I F  =: I m p a c t  Fact1::lr - -.. 1 

# L =: L-ength  I : I ~  F ' l a n e  - - 2 2 . 3 3  f t  
!J =t bJidt:h o f  P l a n e  - - .y, 9 

i . 8 .  17 f t  
F'a\,/g r- f i v e r a g e  P r e s s u r e  A c t i n g  1 x - i  P l a n e  

3 = F ' * . I F / W / L  - -. 33 p z f  
t"-l ... = L- i v P 1 I:I $ - -.. .a -7 ,a p 5 f  

!_'::tmpute t h e  de5 . i  g n  1 oacj, 
?\.., = Dnesigin press : . ! re  =: Dl.. -t L.1.. - -- 1.1.93 p s f  

i s t - ; : t t - r e  ~ P I ~ ~ I T :  

5 = S;:iin I= (j/j,:;: -- 1..5 f t  
,- -- D i n . -  

1: 12 :lp " f.7 :. ,:.; i I..! r; .' F \' ". 5. ,/ 2 -- , .. .& I I i..l 
..- : 1 17: (I) p  p f - 

I:: r- 1.. !::I ad f a 1: C. 1:lr 
- i - . 65 

r- = F:ac'i.r.r~, I:I? g y r a t i c t n  frlzlm T a b l e  1-4? page 4.2 i n  
f ~ :  = Al!.::~\..?at:~l.e wa l l .  stt-ec;~. frclnl F i g c r r e  3-6? p a g e  105 p s i  
a -7: l431 1 set:.l;i~:~n < ? y e a  = I : / ~ I :  i n.".Z./ f t: i t: =:: Tt l i ck : :ness  P r o m  T a b l e  3-2, p a g e  1.07 i  r-I 
I = Mctment ~ztf i n e r t i a  fr~:~m Ta.l3?e 3--2? page 1(:)7 i n"4/ f  t 

I F = Mocluli.rs 1:1f e l a e - i c i t y  3E+(:)7 I b / i n " ' " 2  
f f  = F l c ! / ; i b i l i t y  fa l : tor  - d ."2 /E / I%-12  .::: . 0 4 2 3  flz~r f a c t l z t r y  made  p i p e .  

.::: .r1)20(I) fclr f j . e l d  a s s e n l b l e c l  p i p e .  



1; == Minimum t h i c \ : : n e z s  flz~r s t r e n g t h  - - (1) . (:)ZL. J i n  

C 
,, <ear- f i r s t  p r r - f o r a t i o n  or 1/2 a v e r a g e  l i f e ,  . , p ] . e c t  thj,l:l.::rtecf;s f p r  i\ 7C.;--\, Ik - - 

"- Y = Y e a r s  f n r  f i i - s t  p e r f o r a t i ~ z ~ n  - 75 
,,, 2:: )'par.; f s u  a v e l r a g e  I. i f e  - 2 * Y - - 150 

- pt.4 - pH 111.f r-:.~:~il envir t :~nmeri t  .-.. 11 - 8. '5 
F.: S~:til r e s i s t i v i t y  - 2200 ohm-c m - 

y l  = Year s fclr a v e r  age 1 i f  e f t x  t =. 652 i n .  U x 27.5aw.(:lcl~(:F;:)-loq(:216(:~-24.90+1,:tg(pH:):):) - - fctr pH <=: 7.3 .. 2. 034 %. F:".. 41, pH ::.7. 3 - - 6 9 y e a r  5 
a f  = R d . j u s t m e n t  f a c t o r  r e q ~ ~ i r e d  = y / yJ. - - 2.17 

P A d . j ~ c s t m e n t  Fact111r  Used  : 
1: :o r responding  t: i n .  



'2.b z,^,.t- v E t(3 (:) 9 7 
]y:o~.rc.~c~atec;l M ~ k n l .  P i p e  7/22/91. 

t r !.r I:: t; L.! 1- a 1 D c? !:. i q n I F JF / t:::M __.___._"__ -..-- _ ..~-,~--,.-,-.--.--~---,---,-~-.--_,-.------------------- ------------------------. -_.. .... __I.."..f ..-.... ^ ._  ... -. . "_._..._"._.-.- ......................................... ^ ..-........."-..--..-.-.I.- - ------.------I---- 
:Re: I-landbooC: t:lf Steel D r a i n a g e  a n d  I-l ighway C:l:tnstrul:tion Pr l : lducts ,  

I. A m e r  i c  a n  a n d  Steel I n s t  i t ~ l t e ,  1983, C:hapt er 3, Pages 9 9 - 1 2 4 .  
1 _ _ _ _ _  .----.---------.------------------- ----* ---- -------------------------------- ..______._.--I --..- - --,__--  "-.^ -.._--_----_..._..---" -.-- ---- .------ ---.--------------------------- 

S i t e  cclncl i t  il:lns, 
P I  F:'E EEC:C)RD I\Il!MEEF:: 4 
L0l::fiT 1 ON: STA 47+(:)0 
d = P i p e  d i a m e t e r  - - 18 i n  

h = H e i g h t  111f ~ Z o v e r  - ui --. 10.5 f t  
- w = Wej.ght  ctf s c l i l  - 1.10 p c f  

b5.d = Ea1r l : : f i l l  s~:#il d e n ~ . i t y  (:ARSHTO s p e c i f i e d )  = 95 % 
pH = pl-,! ;:lf s o i l .  e n v i r o n m e n t  - - 8. 9 

F: - Sl:lil r e s i s t i v i t y  - - 22(:)(5 1:1hm--cm 
r _ _ _ _ _  ---- ". -___-._----.----.-.. - -..-.---.--.------.--.------.---.----- --.- -----,----.----------------.-..- 11 
r::ompl-rt e d e a d  1 oad , 

1' DL.. =: Dead 1 ~ 1 a d  = t.1 * w - - i47C) p s f  

,C:ornrs l - . l t e  ! ivc= ll:iadp 
L i v e  1.ctad 1c1n e f f e c t i v e  plane a t  top o f  p i p e  (LL:) frt:lm 

I1:ctnl:uete P i p e  Handbol:~L:, a c p a ,  1'388, p g  4 - 3 8  - 4-33:  
~....r i t  itra! !,-IS-.2C! 1,c tading cor-rf i c c r r a t  i o n :  1: -. P =: PI:I i n t  ..- - 48(J(:)(:) L-bs 

I T  -:: I n p a c t .  F ~ I : ~ I = I ~  - - 1 

Il !. = L e n g t h  !zf P l a n e  ".. - 23.3:)  f t  
W =: IaJidth ctf P l a n e  - - 2 4 . 6 4  f t  
P a v g  - A v e r a g e  P u e s s ~ . t u e  A c L i n g  ~rtn P l a n e  

= P Y  I F / W / L .  - 
( i - RE* p s f  

L.L.. = L- ive  11:lacl - -- 86, p s f  
I-, ....,- .- ~ r n p u k e  t h e  d e c ; i g n  1 c ladp 

pv  -= Des5 .qn  p r e ~ i s c ! ! - e  =. Pl -F. !..I.. - -. 1 5 5 C  p s f  
i%t r !..(I: t crr e d e s i g n ,  1 5 =: Spar-! z: d i j . 2  - -- 

1.5 f t  
z ~ i r ~ g  l : l : l in;s~essil~ln n: D,,., + 5/2 - -- 1167 p p f  # 1.:: 

L KI a c j  f  a I:: t: I:I r - f ,  . 6 5 
r := F:l~-.diuc; !:tf g y r s t i l : ~ : ?  fr~:~(i; T a b l e  1-4 ,  p a g e  42 i n  

.F I ~ . .  -. = A??.~:~wabl .e  w a 1 . l  s t r e s c i  frlrlm F i g ~ . r r e  3- -Car  p a g e  105 psi 
a 7: Wall. secti t : ; : ;  ayes, -. 1 1 , ' f ~  i ." '7' / 

li ,/ f t  
t: I: -r!-.i.:!..:j-~~.ss f r ~ z ~ m  T a t t l e  3-..2? p a g e  I(:)? i n  
I -: Mt:~m~p!~.t I : I ~  i n e r t i a  fr~:lm T a t ~ l e  3-2, p a g e  1(:!7 i n X ' 4 / f t :  
L' -: Mt.-~d~!l.i.rs; o f  e l a c i c i . t ! , /  3E+(:)7 I t l / / in . ' "2  

I- f f  = F l e : ; ; i b i l i t y  fa::.t!:~r = d."2/E/I .r"12 ( - .(:!433 f111r fact1:try m a d e  p i p e .  
. :  .C)2i:!r:! f1:11- f j .e] .cl  a s s e m b ] . e d  p i p e .  



I 
t .= M i r ~ i t n ~ t m  th i t :} : :ness  fr:~r ~ t t - ~ 2 1 3 ~ i t h  -- .. . (:I . 03 0.1 J i n  

I', .- P 
,p . pl:t t.11 j c l.::nesc: f c l r  a 77-. ,. yc.:lar * f  i r ~ ; t  p e r  f o r a t  it:m ctv ! / 2  average 1  j. f e ,  

Y =: Years f o r  f i r s t  p E ? r f l : : ~ r < ~ t i ~ ~ n  = -- -.- . 75 
\j -:: Year f  cry a v e r  age 1. i f  e = 2 + Y -. 1 z<:! 1; [?I-1 == p1.i I C I ~  s l z ~ i l  e n v i r ~ : ~ n m e n t  --. 8 . '3 - 
F: = S~::lil r e s i s t j . v j . t y  - -. 22r:~:l ohm-c m 

y l  = Years f ~ z l r  a v e r a g e  1 i  f e f ~rlr t =. (352 i TI. I = 27.5~~(11:~g(:~:1-.lc~g(:21C~:)--249(~)wlog(pl.~l:):):l fo r  pH ,:::= 7.3 
=7 2 , '3 L, * F;:"' . 4 1 ? r-, 1-1 1::. 7 , 3 - - 64 y e a r s  

a f  = Acl.j i . tc . tm~nt f f a t c ~ r  r e c l u j . r e d  = , y  / y l  - - 2 .  17 

Y hd. jc!s t rnent  Fa.!: tor  U s e d  : 2 . 2  
C:orresp~:tnd i n n  t  : (1) . 1 09 /' i n .  



,::I .I. &, ... . , .  S t : - e e t  E 1::: 3 (1) 9 7 _ I: ._ ._ I ?.:c?,t:eci, Metal P i p e  7/22/91 

'- .k ?- c.[ ?- !...I !- ;: 1 D e s i p !-I li -. 
EJF / t:::M 

----...-.-".---.------" .---" ---------.--- - -.----.- - --..--- ---- --.-- -------------------.----- " -.,-* .---.-..-..-.------..-.--- "*" -..-.-..-..------.---.-------.-..-..---.---.- -----.-----,-"--.---------. 

5 ' :  t!;z,ndb~:~c~l:: I : I ~  Steel D r a i n a g e  a n d  H i g h w a y  C:~ :~ns t ru l : t i c~n  F'rl:ldul:ts, 

1.- 8 n ) e ) -  il-ar: ancl Steel I n s t i t u t e ,  1.963, C h a p t e r  3? Pagec j  9 9 - 1 2 4 .  
,-------------.--------------------------------------------------.----------- --.--..-.--.-...-.---...--- - ..--.--.- ...-- .-----*.------- - -------- - ----- -----.--"-----"..---------------------..-..- 
S i t e  ~ : : r l n d i . t i o n s ,  

F' I F'E F?FC:C3F:1) NUMEER : C 
.J 

L.Ct!L:hT I ON E ST& 4 3 + 0 0  
d =. P i p e  d i a m e t e r  - - 15 i n  

0 h = H e i g h t  ~::lf c o v e r  - .... 11 f t  
w - t l e i g h t  I I I ~  s l r ~ i l  2 1 4 0  p c f  

bscl = Ea~:C::fi l l  s c l i l  d e n s i t y  (:RASHTO s p e c i f i e d : )  =r I=, -.J I= % 
PI-,! =: pF.4 clf s c ~ i l .  e r r v j . r o n m e n t  - -. 

(1 
5 . 9 

f? - Strtil r e s i s t i v i t y  - - 22(:)(:1 ohm-I: m 
-.----.--...------------------------- - ----- ----------.--------.----------.--------.----- 
fZ~:~m:::,ute dead 1 ~ a d ,  

DL = Deacl l o a d  = h *. w - - 1.540 p s f  
!tI:t:c~ml;ute 1 i v e  I t:lad, E 

L i v e  l o a d  o n  e f f e c t i v e  p j l a n e  a t  tc lp  u f -  p i p e  i:LL:) frclm 
C ~ : l n c r e t e  P i p e  Handbool: : ,  a c p a ,  i138S,  p g  4 -38  - 4-33:  

I il:r i t i c a l .  C4S-.20 l c l a d i n g  cclnf i g ~ . ! r a t  i o n :  
r"' =: P ~ : ~ i n t  L I I I ~ ~  - - 48(:)(:)(:) L ~ E ,  
?F := I m p a c t  F a c t o r  -. - 1 

y 1. = L r ? ? ! ? ~ t h  o f  P l a n e  -.. "... 24. i:13 f t  
1.4 =. W i d t h  o f  P l a n e  -. - 24.92 f t  
F'avg = R v ~ r a g e  P r e z s c ! ? - e  Glzt i n p  $:an F'la 'ne 

= F' *. I F  / GJ / 1.. - -.. 8i:) p s f  ii,-. LL = L i  vc 11:fad - -- p s f  
,...l:trr:p~rt e t h e  d e s  j. q n  1 mad, 

r.;! ?. - r l e ~ ; j g n  ~:~?-ec!r!,!re - DL- -1- L,!.,. - "... 152<:) p s f  
# S t - u c t u r c  d c z i g n :  

5 :z Sps,n = d / 1 2  - --. 1.25 f t  
1: == R i n g  c , : :~(npress ic~rr  z= p\,f + s/:z .-.. - 1012 p ~ f  

d !.:: =. L !:I a ti f a I: t ct !r 
-.. -.. 0 .  65 

I. .- F:adic.r.- 1:1f 5yrati l : ln fr1:trr: T a t j l e  1.-4, pac;e  4 2  i n  
fl: = /il.l.c1l*~;17t~le wzl.!.  stress f r o m  F i g u r e  3-.6, page li35 p s i  

a - GJa! 1 :;el: t i l:t:lr: -- c / f I: i ..... 2 ,/ f t li t =: -Thicl . : :ness f1?1:1m T a b l e  3--.2, p a g e  1!37 i r-~ 
T = Mt:~rnen-t 1:lf i n e r t i a  f r o m  T a b l e  3-2, p e g e  1~117 i n A 4 / f t 
E z:: M c ~ d ~ \ l ~ . t s  t:tf e ] , a s i c  j.t;,f 3E+.!37 1t:1/in.",*> 

f f  = F l e : / ; i b i l s t y  fal:i;l:~r = d ." .2 /E / I%. l2  .::: .(:)4:33 f o r  f a ~ : t a r y  made  p i p e .  
.::I . (:)2(:)i:) f I : I ~  f  i e 1  cl as.,semb 1 e d  p i p e .  



t = Minimum th icC: :nesc ,  f13r s t r e n g t h  

.k e l e c t  t h : c l : : n e c . s  fl:lr a 75-...!,/ear f i . v s t  pEjrf~:lratj.~:tn 111r i/Z a v e r a g e  l i f e ,  I b  -- 
Y = Years f l:lr f i .vs2. p e r  f l.sfaZ; i I : I ~  = - .  "- 75 
y -  year^. fr::~r a v e r a g e  1 . j . f ~  = 2 * Y - -- 

11 
1 SC) 

pH == pl-! 111f  oil en\:ir~:lnrncnt -. - 8 . '3 
5: :: S c ~ i l  r e s i c ; t j , v i t y  - - 2 )  (rthm-l:m 

yl - Years ftrlr a v e r a g e  l i f e  fclr t=.(:)52 i n .  

U =: 27.58+(],og.iCR:!-l1:1~(21G<:)-249i:)*.1ctg(~tH:):):) - f c ~ r  pH .::= 7.3 
=-. '>,'34 .& R."'..41, pH::.7.3 - - 6 '3 years  

- - a f  = A d . j u s t m e n t  f a c t c ~ r  r e q i . l i r e d  =: y ,/ yl 2.17 
Ad.justrnent Fat: t o r  Usec! : 2 . 2  
C:or r es;p~:lnd i ngj t : 0. 1 0 9  /' in. 



'.:I+ h S t y  eet Et:r3(:)37 
-'rtl-u,uqate$ M r ? t  a 1  F'i pe 7/22/91 
Gtri.rl:t~.rra! D e s i g n  EJF/  t::M 
_"I-_. .---. ___-_--_ .-,.-_" ------.,-.-,-------,------.---.--.-----.--- ....................... I__.____..I._.._...__ " _.I.._..-.._..._...-... " ..--. _ ..__.-..-._.-_..-" -.-.--.....-.-..- * --.-..-.--. ----- -... --"-..-.------------I-----.------- 

Re:  I-iandbo~:tl-.: lrtf Steel D r a i i - r a g e  and H i g h w a y  C:~:tnstrut: t i o n  F'r1:ld~t~ ts, 

t A m e r  i c a n  a n d  S t e e l .  I n s t  i t u t e ,  3 ,  C h a p t e r  3, F ' a g e s  93-124. 
.-_-__--_--_----__-_------------------------------------------------------ ------ _-. ---..--" -.------- -.-----.---------------- ------------------------------------- 
5i te  ~ : c t n d i t i u n s i ,  

F'I F'E: F?EC:DEI) NUMFEF:: G 1 LOCATION: STA 37+(1)(:) 
d = F ' i p e  d i . a n ' ~ e t e r  - - 15 i n  
h = H e i g h t  1:1f c~z lver  - 

E 
- 12.5 f t  

w = W e i g h t  o f  s c l i l  - - 14(3 pc f 
b s d  = Eat:l : :f i l l  st:~il d e n s i t y  CAASHTO s p e c i f i e d : )  = I- C 94 % 

pfl =: pH o f  s o i l  e n v i r c t n m e n t  - - 9. 3 
F: =. S o i l  r e s i s t i v i t y  - - 24.4.(> ~:thm-~:m 

-___---..-.-___" -.-. _-.--. ---------------------------. -.-- -.---.--- --------.---------.----- 

I_ '~.: lmput e d e a d  I ~:tad, 
Pt. = Dead  1t:lad =: h * w - - 175C) p s f  

!T:~>mpcrtc 1 i v e  11:1ad, 
L i v e  lctad cln e f f e c t i v e  p l a n t ;  a t  kelp o f  p i p e  (LL:) f r o m  

1::oncrete P i p e  Handbl~t~lol.::, a c p a .  1 9 8 8 ,  p g  4.-33 - 4-33: 
C:r i t  i c a l  t-15-,20 1 ctacl i n g  con f i g ~ r r  a t  i cln : 

F-' = F'tz~int  L~:taci - - 4~r:)(:)(:) ~ b s  
I F  = I m p a c t  F a c t c ~ r  - - 1 
L. = L e n g t h  t:lf P l a n e  - -. 2Es.70 f t  
I.! =. W i d t h  ctf P l a n e  - - 2 7 . 5 4  f t  
P n v g  = O v e r a g e  P r e s s ~ r r e  A c t  incj  on F'l a n e  

= P * I F / W / L  - - G5 p s f  
(1 LL = L i v e  laad - - 65 p s f  

!I:::! n! r_! c.t t e t h e d e si i g 1-1 I. l:ta d , 
?\.,, - Design p r e s s u r e  = DL.. -1- !..L. - -. 1.815 p s f  

E.k+-i!c.l:ure d e ~ . i g n ,  - - 1.25 f t  
I:: =: Flin12 I:ompi-es..,si~:t =: p\.t 3 !~.,'2 - 1135 p p f  
I.:: == L.z~ad f ~ , ~ : t o r  - -. i (:I. 65 
t- = Ra.'ius. 1:1f g y r a t  i a n  f r o m  T a b l e  1-4, p a g e  42 i n  

f!:: = Al.l!:l?:able wa1.l zt.1-ess f r o m  F i g u r e  3--6, p a g e  p s  i. 
3 =: 1 . J ~ l  s e c t i ~ > r ,  are=\ =. ~ : / f c  i n .̂ . 2 / f t 

3 t: = T h i c l . : : n e s s  fri:tm T a b l e  3-2, p a g e  j.!:)7 i n  
I =: Mctment ~:,f i n e r t i a  frt:~m T a b l e  3-2,  p a g e  !(:I7 i j, .". 4 / f t 
E - M C : I ~ L I ~ C I S  c:tf e l a ~ . j . l : j . t y  3E+(:)7 Ikt / in" '2  

I f f  = Fle : ; ; . ib . i l i t t /  fat:tor = 1j"'2/E/Iw12 .:: ,0433 - f~:lr fz,l:tl:,yy m a d e  p i p e .  
.::: .(:)2<1)i:) f c ~ r  f i ~ l d  a ~ s e m b l e d  p i p e .  



.t.: 
SE! e c t  t t t ~ t  ... ~..:~IF?:?;C::. f ~ ~ r  a 7 5 - - y e a r  f i r s t  p e r  f o r a t  i o n  o r  1 . / 2  a v e r a g e  1 i f e ,  II -* 

Y = Years  flrlr f i r s t  p e r  f w a t  i o n  = : .  7 5  
y = Years f o r  average l i f e  = 2 * Y - 1 SC! 

II p H  =: ptI I : I ~  sl:til ~ n v i r ~ z l n m e n ? :  - ... '3 . 3 

F: - Sclil.  rec, i .s t j : ,*i ty - - 2440 c~hm-l: m 
y l  - Years flrtr a v e r a g e  1 i f e  fclr t= .  (352 i n .  

B =: 27.58w.(].og(R:)-~1og(216(:)-2~1.13[:)*1og(pH:):)> f o r  pH (= 7.3 
.= .-) ,.. * F! ..... . 4 1 ,  pH::.7.3 -- - 72 y e a r s .  .- . 

a f  = A d . j ~ ~ c , t m e n t  ffat tzor r e q u i r e d  - y / yl - - 2. 08 

H Gd.j u s t  mcn t F a c  t,or U s e d  : 2.2 

~ h r r e s p o n d i n g  t : 0. 103 /' i n .  



9 t h  S tve l - . t  EF::3(:1'37 
Cc~rj:t..rgate$ Met a 1  P i p e  7/22/91 
S ? - r u c t v r a l  D e s i g n  I3 JF/k::M 
-------------.-------.-------.---------.--------- -.--.-*-------.-.-------.------------. ........................................................................................................ --.-.-.,------.--.-----.- 

!Re: I - i a n d l ~ o ~ :  !:If S t e e l  D r a i n a g e  a n d  Highway C~:~ns t ru~ : t  ictn Pr~: lduc ts ,  
/American a n d  S t e e l .  I n s t i t ~ t t e ,  1983, C:hapter  3, P a g e s  99-124.  

b==-============-==-==L======e========z"T~======x=============zz=============== 

S i t e  c o n d i t  i1:1n5, 

li 7 P I  PE REC:DRD NUMBEFr : 
I-O!I:hT I ON: ST4 36+€5 ,  45'RT 
d = P i p e  d i a m e t e r  - - 1 5  i n  
h  = t i e i g h t  o f  ~:~:tver - - 19.. 5 f t  
w = Gdeight I : I ~  s c l i l  - - 1 4 0  p c f  

b s d  = E a c C : : f i l l  s o i l  d e n s i t y  C R A S H T @ s p e c i f i e d >  = 95 % 
P!.! = p!-! IZI? sc1i.1 env i r c lnmen t  - - 9.3 

I1 R = St::lil r e s i s t i v i t y  - - 24.1.(:) clhm-cm 
--~----.-,,----.--.--.-,-~,~-.------.------.---...----------- .................................. 
C~smpr-rt e d e a d  I clad, 

I DL.. =: Dead I. clad = h * w - - 2030 p s f  
C ~ ~ ~ m p u t e  l i  ve 1 oad, 

L i v e  1.oad ctn e f f e c t i v e  p l a n e  a t  t o p  af p i p e  (LL:) f rom 

I 
44: II :~:~ncrete  P i p e  Handbc~cll.::, a c p a ,  1'388? pg 4-38  - 4-'' 

Cr i t  i c a l  FiS-2(:) l . c ~ a d i n g  c o n f i g u r a t i o n :  
P =: P c ~ i n t  1,t:lad -- - 48(:)(:)0 L b s  
I f  =: I m p a c t  Fac tc l r  - - 1 1 I.. = I-ength I : I ~  P l a n e  ".. - 3!:1.2(:) f.t- 
W = Width  o f  P l a n e  - - 3 1 . 0 4  f t  
Pavg  = A v e r a g e  P r e s s \ - r r e  AI: t i .ng 1z1n P l  a n e  

I =-- * I F  / W / L. - - 5 1  p 5 f  
L.?. = !....ive l lz~ad - .... 51 p s f  

C:c!rr;p~.tt e t tie cle5.i gn 1  clad, 
:i\./ = R e ~ ! . . g r )  p r - e 5 s ~ t r e  = DL- -I- L.I ... - 

1 
-- 2081. p s f  

S t r ~ . t ~ : : t u r e  d e s i g n ,  
5 : SrJ;\r.i -: cl , /  1.2 -. - 1 - 2 5  f t  
r:: = B j . ~ s  :,:~;~mpressil:~n -: p v  + 9/11 - - 13C'I p p f  

I' I..: --: Lc~ad fa~:t;or -. - 0. &5 
r- == Ri?..dius gy ra t i~ : tn  fr~:lrn Ta t s l e  1-4, p a g e  42 i n  

fa: = Al. 1 . swab le  wa! 1 s t ress  fr~:tm Ff g ~ t r e  3-6, p a g e  1 0 5  p s i  

3 a = Wall s ~ i : t i c ~ n  a r e a  = c/fl: i ,, .". '7, / 
,o f t  

t =: Thicl. : :ness frl:tm Tat11.e 3--2, p s g e  107 i n  
I = Mument o f  i n e r t i a  f r o m  T a b l e  3-2,  p a g e  1 0 7  i n  *"4 / f  t 
E =- Mgc!~.tlcrs of e j , a s i c  j . ty  3E+(:)7 l b / i n " 2  

f f  = F?e: , ; i l I i l i t>.!  f a r t ~ : ~ u  ;= cj'%2/E/I*12 .::: .(:I433 f c ~ r  fa t : to ry  made p i p e .  
.::: .(:)2Qi:) f c ~ r  f i e l d  assemblec!  7 i . p ~ .  

f1:i:irrugation 7 c! / r  f  1: a t I f  f  
C i :I ( i n : )  p  i :) ( i n -..' f  '- ( i n )  ( i n ." 4 ./ f  t :) 



b.  
Sel e r t  t t ;  j.1: 1 : : r . lp : j . ;~ ;  fl:ly ;\ 75--,yeal- . f  i,-.;t o e r  fc lua t  i.t::~n ctr 1 /2  a v e r a g e  1 i f e ,  8 - -  

Y =: Y e e y ~ .  . f c ~ r  f i r s t  ppyfl:tystit:~n -:' - .  +.- 75 
y 7:: Year 5 f oy a v e r a g e  1 i f e =:: 2: *. y  - 

II 
-. 1 5 0 

== pH I : I ~  51:til e n \ / i r c ~ n m e n t  - -. '3 , 3 
= S o i l  r e s i s t  i v  j , t \ , r  -.. -. '744f3 A. c~t)m-,cnt 

y l  - Years f c ~ r  a v e r a g e  1 i f e  ft:tr t=.052 i n .  

I = 27,58~~(11:1g(F::,-].og(21&(1)-.249C)*1og(:pH:)5> f o r  pl-1 .::= 7.3 
=: '7 3 4. n. R ."'. , 4 1 , p H ::. 7 . 3 - 

A. . -- 7 2  y e a r s  
a f  .= Ad.,justmcr-.nt: f a c t c ~ r  v e q ~ r i r e d  - y / yl - - 2.08 

f 4d.jt.rst m e n t  Fat: t or- U s e d  : 2 , -2 

C : o r r e s p s n d i n g  t : 0, i 09 J i n .  



9 t h  S t r e e t  E 1:: 3 (1) '3 7 
1 1 : o r r u g a t e I  Metal .  F ' i p e  7/22/91 

: S t r u l : t c r r a l  Der;ign 4 EJF/ t::M ---..-.--...-.-..-..----.--..-..---- -.--..-- .--.--.-- --------.. -.---....----..- ---- .-----. ---.------------.---.---.- -. ""."-." ...--..,-. " -,-.......-. -." -.-..-.,-..--.-.-.,---,-,---.-.--.---..--..--." ........-.--em- " -.-...-.. --- -- ..-.-.. -..----.-"-----.---. 

I. R e :  I-!andbo~>l:: ~:tf Steel D u a i n 3 . g ~  a n d  H i g h w a y  Iz:t :~nstructictn Pr~ztd~t tz ts . . ,  
A a i e r  itrarr ancl Steel I n s t  i t  ~ . t " c ,  1'383, C : t ~ a ~ t e r  3, F'acles 99-124. 

-----------------.----- .. --------- - ---- - --------------------------.--------- ---- ... -. .---.---, ...--- " ..-." --.-.--- ..."-.-.--*" ----..-.-- --... ...- .... ----------------------------- & ------.----.-. ..-..-- 
Site c t r lnd i t  i.t:lrrs, 

I. P I  PE  REc7:UF:D I\IUIblBEF: : 8 
L0rz:nT I ON: STA 36+21, 4 5 ' R T  - d = Pipe d i a m e t e r  - 15 i n  
h = HE.? i g h t I:! f  c t r~ver  - - 14.5 f t  
w = Weigt1.t: o f  5 ~ t i l  - - 140 p c f  

bsd = Eat:E:fi!l s111il d e n s i t y  CAASHTO s p e c i f i e d : )  = 95 % 
PC.? - pt.4 o f  s o i l  e n \ . f i r o n m e n t  - -. 9.3 

gi li = St:ti? r e s i s t i v i t y  - .... 2440 cthm-cfi 
--.------.--,-----.-.--.- ".-"------ ----.-.-- "-..----"--" ---....----- -- ....---------- -- ----- -..-----.--- 
-. I-.l:tmpute de2.d lctz.d,  

I DL = Dead 1c.acl = h + w - - 2030 p s f  
c :omp~! , t  e 1  i ve 1 c l a d ,  

L i v e  l o a d  I::lrl e f f e l r t i v c  p l a n e  a t  t o p  of p i p e  CLL.3 f r o m  

C' 
Ctz tncre te  P i p e  Handbt:tt:tI::, a c p a ,  1988, p g  4 - 3 8  - 4-33: 

C : r i t ; i c a l  t-IS-21::) 1 . o a d i n g  c c ! n f i g ~ . \ r a t j . r t r t :  
F' == F c ~ i n t  LctatY - - 4 €3 (:)(:I (1)  L- b 5; 

I F  =: I m p a c t  F a c t  trtr - -- 1 
!... =: L e n ~ ; % h  o f  F ' l a n e  - -. 3(:).21:) f t  
W =: W i d t h  ctf F ' l a n e  -. - 31. 04 f t  
P a v ~  = Aver age F'r esst-tr E? 41: t i ng ~:tn P l  ane - r:' w, I F / 1.J / L.. - - c a1 p s f  

!...I- =.: !...i.;,e II:I~c! - -. 51 p s f  
!::amput e t h e  de:; 5. fin I  ~ctacl, 

'.; .v, .': p 'l; i cz 7 F! p c; -. c::. - L! y C? ""L,, -1.. L", ! ,, -. -". 2!:!&1 p s f  
- r  d r s i g n ,  

5;. x: 5~1, 5,. r:: i-~ / 2 2 ..... 1.25 f t  - 
I:: .- F : i n c  : ~ , - ! m ~ r p ~ . s i l - t f i  ~7 p\,* v- r;/2 - ..- 13!:)1 p ~ f  ti 1.:: -: L..oacj f a c t o r  

- - 0.65 
r -: Rarl icc~.  12f g y r a t i o n  frlrlm T a b l e  1-4 ,  p a g e  4 2  i n  

fc: = 41. l~ : tw.3.ble  wa?. 1 s t u e s s  f r a m  F i g u r e  3-6? p a g e  j.05 p ci i 

# a .; \-!all c.e!:tit:lr-~ arp{3 - c/f t :  i n A 2 / f t 
t =:: Thi;:l.:::te.~~i fr;:~m Tab1.e 3-2, page j.(z!7 in 
I = M r l i n e n t  o f  i n e r t i a  f r o m  T a b l e  3-2, p a g e  1(:)7 i n .''. 4 / f t 
E .: MI::, c! I-! 1, L.\ 5 1-1 f 1. 3 5 i c i t: y 3E4-07 !b/ir1."2 g f f - F l e x i h i l  i t y  fact t r lv  L- d . 0 ' . 2 / E / / I ~ 1 Z  ( .D~133 f ~ t r  f a ~ t ~ ~ r y  made p i p e .  

.::: . 0200 f c t ~  f i e l d  a s s e m b ] . e d  p ipe .  

I C:o:-i-uq?t i o n  I- d / u  f 1: G t I f f  
(: j. ri 1) (1 i n  :! ( p s i : !  ( i n " " . 2 / f t : )  ( i n : )  ( i n  i3. / f t; 1) 



t kc12 cc t  t h i c  ! . : : r - ; f r ~ : ,  f c , r  a 75-yc.3r f i r e t  p e r  f o r  i;t j.~rt:, or 1 / 2  avE?-age 1 i f ~ ,  
- .  

Y -. Years f o r  f i r s t  p e r  fclrat: i o n  - 75 
x; z:  year..^; f~::tr average I. i f e  - 2 * Y - ".- l 5 (:! t! p1-I =. pti 1::l.f s1::1i1 envirt; lnment -- -- 9 . 3 
R 7:: S ~ ~ j . 1  rpsj.r: , t : j , \ / i t :y - - 2440 ohm--cm 

y l  := Y e a r s  f12r a v e r a g e  l i f e  fizar t=.052 i n .  8 -- 27 .~~ . r t . ( : l og ( :R : ) - J . c1g (2~ .~ (~ ) -24~ (~ )~11 :1~ ( :pH : ) : ) : )  fl:t:lu pH .I:= 7.3  
- - ':a i. . 834 *. ~: . " .41 ,  p H : : : . 7 , 3  - - 72 y e a r s  

s f  = f l d . j i . ~ s t m e n t ;  fac tcar  r e q u i r e d  = y  / y l  
- - 2 . 0 8 

A d j ' u s t  men t Fat: t a:~r Used e 2.2 / 
t::orre~;pl..,ndirrg.ndin t :  0. 109 i n .  



t kc12 cc t  t h i c  ! . : : r - ; f r ~ : ,  f c , r  a 75-yc.3r f i r e t  p e r  f o r  i;t j.~rt:, or 1 / 2  avE?-age 1 i f ~ ,  
- .  

Y -. Years f o r  f i r s t  p e r  fclrat: i o n  - 75 
x; z:  year..^; f~::tr average I. i f e  - 2 * Y - ".- l 5 (:! t! p1-I =. pti 1::l.f s1::1i1 envirt; lnment -- -- 9 . 3 
R 7:: S ~ ~ j . 1  rpsj.r: , t : j , \ / i t :y - - 2440 ohm--cm 

y l  := Y e a r s  f12r a v e r a g e  l i f e  fizar t=.052 i n .  8 -- 27 .~~ . r t . ( : l og ( :R : ) - J . c1g (2~ .~ (~ ) -24~ (~ )~11 :1~ ( :pH : ) : ) : )  fl:t:lu pH .I:= 7.3  
- - ':a i. . 834 *. ~: . " .41 ,  p H : : : . 7 , 3  - - 72 y e a r s  

s f  = f l d . j i . ~ s t m e n t ;  fac tcar  r e q u i r e d  = y  / y l  
- - 2 . 0 8 

A d j ' u s t  men t Fat: t a:~r Used e 2.2 / 
t::orre~;pl..,ndirrg.ndin t :  0. 109 i n .  



*s.t;h St : -c .e t  E 1::: 3 '3 7 
7 / .-:. .::, / 85 1 

,-..I:.? ! : u c ? a t c  Met: a]. F'j. pe g. I / L.L. .. . 
F t  Y :.rc t c.tr a1 I!es i qr! P .J / 1::: t? 
.~~====::=-:=:::-.Z::T-::Z=::=:=:Z~:=:~=:Z::IIZ::Z=::?I::::ZZ=I~~Z=~ZZZ=:==Z~~:EE:=:==~ZI~Z%~~E=~~~Z~=:ZI=Z='~: 

F:e: Handbctctl:: t:lf Steel D r a i n a g e  a n d  H i g h w a y  ! : c t n s t r u c t i o n  F ' r ~ : * d ~ \ c t ~ ~  
Amel- ican a n d  Steel I n s t i t ~ . r t e ,  19£23? C h a p t e r  3, Ft;...ges '39-124. 

_- -_---.-_-" ----- ̂_ ------" --...-----* --------------- - ----------------- -----------.-- ---" .-..l.-_..l,,,-... .tl --.. .." .......-.-,.-.-- " -..-.... --*- I--.." -.......... " ----------I..---------..- - -.--------- --------------- 
C; t e  c o n ~ !  i t ;  i c t n s ?  I' PIPE F:E:C:[)F:D NLIMEEF;: '3 

L .OCATION:  STA 304-50 
d =: P i p e  d i a m e t e r  - -. iS i n  
h = H e i g h t  1:111ver - - 

I 9.5 f t  
w - W e i g h t  o f  sctj.1 - - 14(:) p c f  

b s d  = J3acl::f i l l  soil d e n s i t y  (AASI-lTO s p e c i f i e d : )  = '35 % 
GI-l = pH I : I ~  s a i l  e n v i r o n m e n t  - ..- '3. 3 

R - Slzlil r e s i s t i v i t y  - - ;344(:) ohm-t:rr: 
--. .." ---..-.-* .---...- -" .--- - -.- --.-- --...-- -----,--,-,.-----------.--------- -- - --- -- ----------------, 
Corc;>u.t e i?ead 1 mad, 

,"L. - Dead l::.~z..d = h + ?J - - 1336 p s f  
Ir:trllxn\~?. E 1 i ve 1 mad, 0 L i v e  1.oacl a n  e f f e c t i v e  p l a r r a  a t  ttztp u f  p i p e  (LL:) frclm 

11 
iz:~:tr~crute P i p e  Handkj~:tol.::, a c p a ,  1938, p g  4 - 3 8  - 4-33:  

C:r i t  i c a l  1-45-20 11:tading c o n f  i g ~ [ r a t i l : ~ n :  
/=' - P o i n t  L-~:larj - - 48(:)(3(5 Lbs 
I F  = I mp! ~c t Fact: or - - 1 .  

1 I... -: L e n p t  h ~ r ~ f  P l  ane - - 21.45 f t  
W == Ltlidth ~ctf P l a n e  - - ;','2.29 f t 
F ' a v ~  - A v e ~ a g e  P r ~ s s u v e  A c t  i n 9  or? P l a n e  

2 =: F ' * ,  I F  / W /' L - -. 1. 0 0 p s f 

!.-L. = I...ive I I-!.?.:! 
- -- 1 0(:) p "- f 

:T:!rlm:?t.lt e t h e  d e s i g r i  ? oad, 
--a xT; z D e j, c; r; p !.- e s 5 u y  e =: DL, -1.. b L. - - !~7.3!:! p s f  
r' 

C t ~ * \ u ~ : : t ! . . ! ~ ,  d ~ : r ! : g r : ~  
c: ": Span - r!./j,2 f - .  - 1-25  f t  
1.1 ?r < *.-: , ., ,. , , ,: :z ;:: ) - .:"- c. 5 12 1-i =: p ,..a, Y- :::. , ,' 2 - 8'3.1 p ~ f  

4 I . -.. Pi L.ctscl f a c t  clr - - C). G5 
y = F'af:!i~!<::, 111f tzyi-ati~:cn frofi: Tab le  1-4,  p a g e  4 2  i n  

I .. 
4 A!. 1 .:.:iwabl e c!a]. 1. 5 t : y e 5 5  frctm F- j. gt.!re 3--G, . -. p a g e  1!:)5 p s i  

8 ,?. := Wal l  s e ~ : t i ~ : ~ n  a r ea  -: I : / ~ I :  i rn .-.2/ f t 
t: =: Thicl::r-ier:.s fr~rlm Tab1.e 3-2.', page 1.!:!7 i n  
1 = Mo,~ien t  I : I ~  i n e r t i a  frlr~rn T a b l e  3-2, p a g e  1(:)7 i n " & / f t  
F -. Yt:tdill LIZ; ~ t f  E)!. ,35i!: j . t : ~  -.. 3E-i-(:)7 lb,!in".2 

f f  = F l e l . ; . i b i l i t y  fa~:t~:ty =. d..'-2/E./la.12 .::: .(:)433 f o r  fa~: t t :~ry  made  p i p e .  - 
.::: .020(:) fctr  f j . e ] , d  a s s e m b l e d  p i p e .  

1 !-. - .- 
, . - -~ . . : :u t . rea t i~:~n t- d / u  f c a t I f f 

C j. IT :) C j. n :I ( p j. :) ( j. n '- .L/ft:i ( i n : )  C i n "' 4 / f t :) 



h .:,PI e,-t tf, it:: {::rle.-:c f.:,,. a 75---yealp f i r s t :  pel- f o r  at icqn ctr ! / 2  a v e r a g e  1 j. f e ,  t. -- Y :::: Ye:3,?r<: flzlr fj.ys p e r f ~ : t r a t i t : ~ n  = - .  -- 75 
y ::.: f l - , r -  a v e r a g e  l i f e  = 2 + '! - - 1 5 (1) 

I p 1-1 z: 
- pH 1::l.f c , c ~ i ~  e n v i r o n m e n t  -.. '3. 3 - F: =. S o i  2, r  p5.i z,t j . v i t  y - .L. '74.4~:) ohn~- .cn~  

= Year3 fl:~r a v e r a g e  l i f e  fclr  t==(:)52 i n .  

.I - 27.5E+.(l!~1~~(:F;:!-..?a~!:2:!F,!:!-2~.b~!i:~a.!o~!:pH:)):) f!:y pf.4 .::=: 7.3 
r 7 9 '*. F: ,'.', , <$ 1 13 k.1 :::. 7 , 3 - -- 72 

4.- . y e a r s  
- 

a f  = A d . j ~ r s t m e n t :  f a c t c ~ r  r e q u i r e d  =: y / yl - 2 .  c:,E) 

f7d.j u s t  m e n l :  Fat t o r  U s e d  : J 

3 C : ! : : ~ r r e s p o r d i n  t:: 0 . 1. 09 in. 

2 r J " ,  C O " " @ ~ f l  
O x ,  



9 t h  S t r e e t  EP:30'37 
::cgr ~ c r c i a t e q , ,  M e t  a]. F'i p e  7/22/91. 
Etrt.rl:tr.lral D e s i g n  #I EJF:/KM 
= ~ ~ = : - . I : ~ ~ I = : = ~ ~ ~ : ; = = ~ I Z I ~ = = = - ~ : I ~ = = . : = : : = I ~ I = I I I = I ~ ~ ~ I ~ ~ . = ~ : = ~ = ~ = ; ~ = = : I . ~ = = ~ = : ~ I = = : : = ~ : I I ~ . = = : : ~ : ~ ! :  

Fie: I~-lar.idb~rs~:~l~:: o f  Steel D r a i n a g e  a n d  Highway I Z c ~ n s t r u c t i u n  F ' r l : l d u ~ t s ~  
Amer i can  a n d  S t e e l .  I n s t i t u t e ,  1 9 8 3 ,  C:hapter  3, P a g e s  9.9-124. _--_----- .... --------_------------.--* ------------------------- -------------.--- ." _....._----_-_--.I--- ..̂ *.-- _ -.-.I- I..-."" _-----..-..-- __"  ....----.. ____--___-I" _.._-I_.--_-- ... ----.I -.-*--.---..---- 

S i t e  c c l r ~ d i t  i c l r ~ s ,  
F'1F:'E REC:@RD NUMHEF:: 1 0 
LO1~:fiT I ON: ST& 2€+(:)(:1 
d = P i p e  d i a m e t e r  - - 15 i n  
h = t l e i g h t  o f  ~zclver -- - 11 f t  
w = Weigh t  of so i l  - - 1 4 0  p c f  

b s d  = Ra~zI. : : f i l l  s c i i l  d e n s i t y  (:ARSHTO s p e c i f i e d : )  = '35 % 
ptl = ptI 1z4f sc1j.1 e n v i r o n m e n t  -. -- 9.2 

F: = S c i l  re rs i~ . t  i v i t y  - - 393(:) ohm-I: m 
-_--. _.-. ---_-.-.__ -.._--.---.-------,-.-------.------------------~_---- -------- ---- ----- 
!C:c~mpute d e a d  !~:~ad, 

9L. = Dead ?cleld = !-I + 1.2 - -- 154(] p s f  

L i v e  lztad 1 x 1  e f f e l z t i v c  p l a n e  a t  t s p  c ~ f  p i p e  (:LL:l f r c ~ m  
C~zln l - re te  P i p e  !-fandbov/::, acpa, 1988, pg 4-3cC! -- 4-33: 

C r i t i c a l  HS-.lO l o a d i n g  c o n f i g u r a t i o n :  
P :-: P o i n t  Lc~ad - - 4gr:)r:)(:) ~ b s  
I F  =: I m p a c t  Factl:~r -. - 1  
L = L e n g t h  o f  P l a n e  - - 2 4 . 0 8  f t  
W = Width  I:I~ P l a n e  - - 2 4 - 9 2  f t  
Pavg = A v e r a g e  P r e s s u r e  A c t i n g  on P l a n e  

=: p n. I F  ./ w 1 L - - ec) p s f  
L.1- = L i v e  Il::lad - ...- 8(:) p s f  

!T:c~mput:e t h e  cle.;ii.gn 11::1ad, 
pv - D e s i g n  ! : ) r e~ i~ : . i ! r e  = Ill. -1.. !...I.. -. - 162(:) p5.f 

Z tv t -~ , c tu l . - e  c !es ign?  
-... -.. j..25 f t  

I: =-: F? i  9 I: I:# tr~ p T- e 5.5. i ~:lfi = p \+* .if E, ./ 12: -- ! ( : ) !2 p:;?f -* 

I .  -- 
P:. !..clad f ac t cir -. r:) . G5 - 
I* = F-:ariit.!s 1::lf gyl-atin-ln frlzlrrr T a b l c  1-4, p a g e  4 2  i n  

ft:: - R11,::1watile w a l l  s t y e s . :  f r o m  F i g i t r e  3-6, p a g e  1.05 p s i  

J 
a = [.!all se lz t i~z tn  a r c z ,  - s:(/.]~c i n '" ,. '7 ./ f t 
?: = Thi~:l.:ness f rc~nl  T a b l e  3-2, p a g e  !C)7 i n  
T = M ~ > m e r c t  ~rtf i n e r t i a  frl:~rr; Tab!@ 3-2. , p a g e  1 0 7  i n A 4 / f t 
:: y:sdul  ~ . : s  c ~ f  e l a s i c  i t y  3E+(:)7 lb/in"'.':.' A 

.ff - r ! e x i b i ? i t y  f a c t c t r  - d."2,/E/Ic!2 .: -- (:1433 fl:~y f a c t o r y  made p i p e .  
.::: . 02C)O f o r  fie1 d as~;erntsl. ed p i p e .  



1:. Minim~\n?  thir: l . : :ness flrtr s t r e n g t h  .- - (:) . 034 Y i n  - 

#i -. t 
~ ' E I F ~ I : : ~ .  f .!- , j~:l : :nfi!~:~:.  f1111- 6, 7 7 5 ~ a r  f i r s t  p e r f o r a t j o n  cfr 1/2: a v e r a g e  l i f e ,  

'y' z:r  year.^ f t r~r  f i r s t  p e r  f~: l ra t  itztn - - .  75 
y =: Y e a r s  fcrr a v e r a g e  l i f e  =: 2 + Y - 1 50 # ; pt-I =: pl.4 o f  r-;t:til e r ivirctnfnent  -. -- CJ * .z 
F: = S ~ ~ j . 1  ~ ~ ~ s j . s ' ; i v i t ! +  - - 3930 o h m - ~ r m  

y l  = Y e a r s  fl:~r a v e r a g e  l i f e  firor t = . 0 5 2  i n .  

I; - 27,56~.(:].on1:R:)-luu(21~,O-..2~+30+.1og(p~.I:):)] fctr pH .:::= 7 . 3  
1 - 7 13~1 .K- ~ : . - . . 4 1  ~ ~ : : : . 7 . 3  58 y e a r s  - 

4.. . - 
f 

a f  = AcJ.justment fal: tor r e q u i r e d  = y / y l  - - j . .  71 

Ad.justment;  F a l z t s r  Used : 
tZ:ar r  er,pclnd i ng t : (1) . 1 09 i n . 



9 t h  Strpel: 1::: 3 i:) '3 7 
11:or ::~tgat;eri, Met al. P i p e  7/:?::,!'31 
-.t r u~: .I- U Y  z :! Fez i ~n k E JF- / K M  
__-__._*_-_____..___ ..--,-- --..-----,-.---,,-.,--.------I" -*-.-,--,.-----,.-.---..---..-.---.---.- -----.------.-.--.------ ,, ̂__~_.__..."_._._.,....._......_...._..._.._......_.__I~" _..,".,.~"__._,I__" -_.........-- ^ ....... I-__.-.. ...... _. ...................................... -...- *-.--..-.-----.-.---.-..- 
a-.,t;;.: I-landb~:~~:#l.: ~rlf S t ~ e l  D r a i n a g e  a n d  I-{ighway r::~:~n.rtru~:ti~:~n F'rl:ldu~:ts, 

4mer !'.car1 arlcl Steel I n s t  i t~rq: :~,  1983, 11:hapter 3, P a g e s  99-,124. 
_____.__-.--_._l___.-_..._l._--_ -,----.-------------.----------- ---------.------- "-...-_-_-.......-.__.--.I _.._." _-_-_.... ...... . ..-- _-_ --.-..--- *_."-_____"_" ___-. - -___I  .._-_-__...._--I- ...- ----- -.----------- f - 
";f:p ~:c~r :di t : i ! : t r~~; ,  

C' PI  PF: ':EC:@F;:D NUMFER: 1 1 
LOI::AT I ~ r . . ! :  STA 214-210 
d = P i p e  diameter - - 15 in 
h =: I - l e i g h t  trtf ):ever - 1 1:) f t 

3 w --- GJcj.gtit lr~f m i l  - - 140 pc f 
h5c3 =: Eal:l : :f i l l  sl:~il d e n s i t y  (ARSHTO s p e c i f i e d : )  t: 

C C  3 % ~  % 
pi-.! = pH ~::+f ~ : . ~ r ~ i l  e n v i r ~ : ~ n m e n t :  - - '3 * 2; 

- 3,3CI" R =: SIXI : ' ,~  resi5.t  i v i t y  . ohm-cm 
_-._ _-_..-._.___-. _ -._.._..----...-..--._-" .....---_..---....---.. --- -----_ *--.....-.--------.--------------------- J 
rZclm;ute drat.' 11:lad: 

f DL.. .T?FAcI  I1:rc2-\d " h 4; k) 
..... -. 1 4 (:I (:I p 5 f 

!Cum3ut e 1 i v c  1 load, 
L.j.ve I c ~ a d  !:lri e f f e c t j . v e  p3.ar.l~ at tc tp  ctf p i p e  (LLS f r o m  

C 
C:ori~:rete P i p e  I-tandbol:~l::, acpa, 1'388, pg  4-38 - 4-33: 

I::r i t  i c a l  I-.lS--20 l l r l ad inq  +:orif i . g u r a t i a n :  
p ..: B -  I-link L-mad - - 48(:)(:)(:) Lbs 
IF- = I m p a c t  F a c t o r  - - 1 

' 1  1.. =:: L e n g t h  o f  F ' l a n e  - -. 22.33 f t. 
w z:: !*,tidt;h I Z I ~  p l a n e  - -. 23.17 f t  
F'av? - A v e r  z.ge F'r e s s u r r  e A c t  i n g  tin P l  a n e  

=: p 3. I F / / !, - -- 1 ~ 4  .,., '3 p s f  

l. L!. L i \ / e  1i:lad - - 33 p ~ f  
I -.rl-~~u.';.c t h e  d e s i g n  I. c!arJ? 

c \"., = D 5 c i c? rl 13 r e 5 5 1.1 r e = DL -1- L. L. - l4.543 p c f  p...: - + . - ~ t c t u t - e  d~r:.ig!-i. 
5;. =:2 r, ;..TI 2:: c j  ,/' j, 2; -- -.. 1.25 ft:  

I :r F: : ;? 1:- I::I ~2 ,:- 11; ,:: x. 5- ,::I 7: i.. r-. \ r f 2;. . . ..: .... .. / T, A- 
.=I ? ? , .,, p p f 

' I  1 :: :: i, r,, 3, ;j f ;>,:I: t, ,::: 1- -.. -. 0. 155 
t- :::- F:a::' ; t.::: I:! f g y r  a t  i I:IR f r c+m Tab 1 e 1-4, page 4 2  i n  

fl: = ~:1?.!..::.!...!,52~~ w a ! . l  sti-es.; fr-::tm F i a t ~ r e  3-13? page 105 P 5 3. 

(5, =: Wal! .=.e~:ti~:~:ln 3-pa -: ~ : / f l _  i n .". 2 / f t 
t = T1'.li3:I.::-,e.-:% fr-!:~m Tab],? 3--2, ps ,ge  !(I)? i n  
T == M.:mc?.?t I::! f i n e r t  i a f ,-om Tab! e 3-2: page 107 @ .. i n ""4 / f t 
E z:: !Ycd:\!. :.rs o f  el a s  i 1: i t y 3E-1-(:)7 ] ,b / in . "2  

1 f f  :: r ! p : , ; i b i l i t y  f a c t ~ : ~ u  - (3'"2,/E,/Tsr-?2 A:: . ( )433  flzlr f a ~ : t o r y  made  p i p e .  
::: .!:)Z:r:!<:) f c ~ r  f i e l d  a s s e n l t j l e d  ~ i p e .  

158 .-,C-~c 
L ,."I ,.:v o ,-I (:I . (:I 3 7 (:I . (:) 3 ~t (1) . (:)(32 (1) . t:) 3 6 

80 25335 0 . 03 7 (1) . 0 34 (:) . (:)(:)z (1) . (:)5(:) J or- 

87 h c '3 ~,.Jd$5 (:) . 03 7 (:I . (334 (1) * (1) 1 1 (1) . (:) (1) g 
4 4 25385 0 . i:)37 0. 034 0. (35 1 0 . (:)i:)2 
4 1 25385 (1) . (:I 2 7 0 .  054 (:I. l(:)G (1) , (1) (:I 1 
.-, .-, 
LL 25385 r:) . (1) 3 7 (1) . 1. (I! 9 t:!. 725 0 . C) 0 (:I 



t = M i n i m u m  t h i ~ r k : n e s . s  fl:~r s t r e n g t h  - ...- (:) . f:! 7: 2:; 

J i n  

Q 
:ele~:t: thi.t:l..:ncc.c; f:::tr a Ts--\,,,ear f i r s t  r ~ ~ t - f t 2 r ~ t : j . c . l ~  I:~Y I/;:_' avel-aqe ] . i . f e ,  Ii ." 

Y -- Y c ? a r ! ,  f c ~ r  f i r - , t  pc:rfl:~r;:,ti~:~r: z- -- ..- 75 
\,, ::: Ve;,i.yz f ~ x , l -  a \ , r p r a g e  ? j . f p  z:. 2; + Y 1' - 

-.. !. 50 

p!-? r- pl.4 ~ : t f  51:{il en\,,j.r~:~j-~mpnt .. -.- . 12 d r  .A r, 
' 5  F: -: 51::lj.I. r e . j . s t  iv j . t .y  -. -- 3 9 3 C! {::I 17 m -. I: m 

I,, 1 :: y c2 (3, r 4: ,for ~ V E T ~ ~ E Z  1  j. f e  ~ I Z I ~  t=:. (352 f n .  

8 = 2 7 , 5; 8 + i: 3 Q g! ( R :! 1  51 (: 2 1 (1) -2 4 '3!:) +. 1  0 q (: p /-I :) :I :) f I:, r p H .::: = 7 . 3 
z:: '30 ,a- . 9 ,:I. y.  1;.':"'. 4 1 ,, p I...! ;. 7 3 -.- - 853 y e ~ , ~  z. . .. 

af =: A d . j ~ ~ ~ t m e n t  f a c t o r  r e c ~ u i . r e c 1  = y ,/ yl. - - 1.71 - .- A r L j  t.rs t m e n  t F a c t  lor Uz.ecl 1 2: . -: 
C : c ~ u r e s . p o n d i n q  t c  0.10'3 / i n .  



13th  $tree!; E1.;3(:)*37 

R lT:or!:~.rqateq M e t a l  F'i.pe 7/;:2/~4 1 
Ety~-:ci:l(r.f.l I?~-..:.ic;ln E.Jr ,/ !.':M 
___..-_----..----.--.-.----...-.---.--..-...-- - ..--.-.--.-.-.--..-.-..- --..--.- --I--.- ----.- .--- -.-----"-.-..---..-.-..-----".-..-"-..--.----..-.-. _. ... .-.-^,.._ ,-_ .................................. .,... .+.. _." .." .-.-.- - --..-......._. -..-. -.-.- -..-- *- -..-.- ---.. -.--. .... -.. 
p .- : 

I I~~?ar-idl::~~::~~:~l.: 1:8f S t c e l .  n r a i n a q e  a n d  Wigt-iway ~Z:l:~nz.tv~!t:tilrln F ' r~:~du~: . ts~ If firnet- i c a n  2nd St :ec l  I r l s t  it.t.lte, 1 9 8 3 ,  C:hq.jter 3, P a g e s  3'3-,,.12:4. 
A --------.-.--..----- - -  - - - - - - - -  " --I..---,-.. ^ .--.....- .... .......---I.I--." -..-----. ...- .-... "_ *  -I--" ----.----.-I-- -.-----------------I-..------ 

S i t p  r8:indj.t i o r ) ~ . ,  

@ F' I F'E F:EC::OF:T! NUMEEF: : 1 2  
Llll1:AT I ON : STA 12-t-60 
d = P i p e  d j . a m e t e r  - - 1 5  i n  

n h = H e i g h t  12f cclver  - ...- 1 1  f t  
w = Weigh t  o f  s 1 : t i l  

- -. 1 4 0  p c  f 
hsd = I?c?l:L:f i l l  s c l i l  d e n ~ ; i t y  (:AASHTO r , p e l : i f i e d )  = '35 % 

?!-I -- ?!.d I::I~ ~ !z l i l .  en\/! ' .r~:~r\n?er~t - -. 

SI 
7.8  

E = S1::lil r e c i s t i v i t y  - - 335~:) 8:thm-c m ' 

---------.-----.---.-" ,-----.- -.--.- -.-----.-* ---." --..----..-- ----.---..-..-----...----- --------.-----.----------"- 

t::c~rr,pc!tc:~ d e a d  I ~:lad, 

f DL = Pead Ictad = h * w - -- 1 5 4 0  p s f  
g !I: 12 7 :-!, 5 c ! i ,;* <.- 1 1 3  <?. c? , 

L i v e  l oad  ~:lri e ? f e c t j . v e  p l a r ~ e  a t  t o p  t:tf p i p e  CLL) f rom 
C:t::~r~l:~-~te P i p e  Mandbg:~~>l.::, a c p a ,  It3EC, pg 4-38  - 4-33: 

C:ritit:al F.!S--2!:) 1.clading t:~:lnfigurati~:tn: 
P -:- P o i n t  [-,:lad - -.. 4 $3 (1) (1) (1) k- 13 5 

IF = I m p a c t  Fal::t.c~r - 1 

1 L =-: L e n g t h  111 f F ' S  ane "- - 2 4 .  ( 1 ) ~  fl; 

lAJ =:: W i d t h I:I f F'l an e - -- 24 32 f t 
Pavg  - h v e r a a e  P re s s t - t ue  At:t i n g  #:In P l a n e  

II K P - K I F ~ ~ ! / L  - - eo pCif 
L1-. = !.. i ve !. l?ad - ..- 80 p s f  

!z:ompu.L;e tF;e d e s i g n  1 clad, 
2 ~ .  -. 3p5:jr;r: 3yn.:.r;uye = 91- -1- L.[- -. -- ! 62!:) ;, 5 f - .  

- : ,  : : 1 ,  d p i p n 
-,, 7: ~ . r >  ;, ,- d / 1 2  ..... 1.25 f t  
,: :-- j ;-I .:I ::>;;;p y- c.>y 5; azlz Z Z  \., :+ r. ;/ 1:: -- 1 (:' 1 2 F? J2 f -- 

5 !.:: .: L. 1-1 r, c j  f c.: 1:: t c1,- - - 8.  (35 
y =- Ra:ji~.!s 1 1 t f  e\,,rat.il:~n fvt:#m T ~ ~ I E - .  3-4, p a g e  42 i r; 

f -. ~ l , l . c ; w a k ~ l , e  wall, s ~ r e s z .  ?~-i::lm FS.gtire 3-6 , ? a g e  1.05 p s i  

u .:z =: 1.Ja 1 1 set: t i 1:,!1 a y  ~ 3 .  =:: I:: / f I: i .". 2 / f 
t :: ?PI j,l-b:::;ec.s fr3:m TabTe  3-2:, page !<I? i n  
I =: Mt:$mp:t ,sf i n e v t i a  frl:lm Jab1 e 3-2, p a g e  ! ! 3 7  i n + I / f t  
5 - ?locju].r\.: ~:?f  ~ . ! a s j . l : i t y  3E.r-07 1 t\ / i, n."2 

f f  2: Fle : ; . ; ib i l  j t y  fa;:t.l:~r- -:: d""2/E/I*l::: .::: .(:)433 flsr f a l - t o r y  made p i p e .  - 
.::: .f!20(:) ft:,;. f i e l d  a s s e m b l e d  p i p e .  



t = Minim\-lrn t l - ~ i c \ : : n e . r ~ ;  fl-lu s t r e n g t h  - ..,. 0 .  024 i n  1 .> t 
,5 e 1 51,: t: t l-', :I 1.:: 3 E: r; r:, f c, 1- a 7'";-... . , 4eC:1).' , - - f i.1-5.t pf l r fc : t r a t i ,~ : :~n  ctr 1 /2  a v e r a g e  I j. f e ,  

'i ::- Ypat-.: fl:+r f i y c , t  p e r f l > ? - a t i o n  ::- ..- ..... 75 
2:: Year 5; f clr  age 1, i f e =: 2 f(. '{ .... 150 -. & pt-I = I : I ~  5.13il pn\.f ir~:~;~,npn' ;  - 7.8 - 

r: z SI:,j,l r e c . i s t : j , y j , t . y  -. -.. 335!:! ~ h m - , c  fit 

yl :-: Years f o r  average  1 i f e  fmr t=.(:)52 i n .  

1 -- - ~ ~ . ~ ~ u ~ ( ] . l r l c ; l ( ~ : : ) - - 1 c l ~ ~ ( ~ j ~ ( ~ ) - 2 . ~ . ~ ( ~ ) ~ ~ ~ ~ ~ ~ p t . ( : ) : l : )  - fol* pH .::= 7.3 
= 2.13s:1 * r;:.";.41, p~:::.7,3 - -- 82 years  

a f  = Ad.ji.~strnerit: f a c t c ~ r  r e q u i r e d  = y / yf.  - - 1.83 

C?d.jcrc:. t men.1: Fat: t or LJsecl : 
Cl-lr r e~-?pc.lnd j. ng t : i n .  

..fM,i Cur o r  s 01/09  -u*-. 



1 ; 3 t h  S t r e e t  
C o r r u g a t e d  IYetal P i p e  7 / 8 / 3 1  

E St r u c t  c ~ r a l  D e s i  g n  EfJF/KM 
--------------------------.----------------------------------------------- ........................................................................ 
R e :  Hartdbctolc of S t e e l  D r a i n a g e  a n d  Highway Cctr~s t rcrc t  iori P r o d u c t  5, 

I 
n r n e r i c a r ~  arid S t e e l  I n s t i t u t e ,  1383, C h a p t e r  3, P a g e s  '3'3-124, ........................................................................ ........................................................................ 

S i t e c c ~ r ~ d  i t  i oris, 
P I  FIE RECORD NUMBER: 1 

J LOCRT I ON : ST# 58+01. 5 - STQ 5 8 + 4 1 . 5  
d = P i p e  d i a m e t e r  - - 12 i n  
h  = H e i g h t  of c o v e r  - - 0. 5 f t  

f w = Weight  o f  s o i l  - - 1 4 0  p c f  
b s d  = B a c k f i l l  s c t i l  d e n s i t y  (RRSHTO s p e c i f i e d )  = 35 % 

pH = pH ctf s u i  1 ertv i rc~rrrnerit - - 8. 0 
R = S c ~ i l  r e s i s t i v i t y  - - 

i 
3 6 7 0  ohm-cm ........................................................................ 

Compute  d e a d  l o a d ,  
DL = Dead l o a d  = h  * w - - 70 p s f  

C Compute  1 i v e  l o a d ,  
L i v e  lctad clr~ e f f e c t i v e  p l a r t e  a t  t o p  of p i p e  (LL) frctrn 

C o r t c r e t e  P i p e  Haridbook, a c p a ,  1388, pg 4-38 - 4-33: 

I C r i t i c a l  HS-2O l o a d i n g  c o n f i g u r a t i o r i :  
F1 = P o i n t  Load - - 16000 L b s  
I F  = Iri7pact F a c t o r  - - 1.3 
L  = Ler ig th  o f  P l a r i e  - - 1 .70  f t  

I W = Width  of P l a n e  - - 2 .54  f t  
Pavg = n v e r a y e  P r e s s u r e  Qct i n g  o n  P l a n e  

= F 4 *  I F /  W / L  - - 47'33 p s f  

1 LL - L i v e  l o a d  - - 4 7 3 3  p s f  
Cor i~pu te  t h e  clesi gn  l o a d ,  

pv = D e s i g n  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  
l S t r u c t  u r e  d e s i g n ,  

6 s = S p a n  = d / l 2  - - 1 f t  
c = Ring c o m p r e s s i o n  = pv w s/E' - - 2 4 3 2  

- P P ~  
k = Load fac tor  - 0. 65 

E' r - R a d i u s  s f  g y r a t i c t n  frctrn T a b l e  1-4, p a g e  4 2  i rt 
fc  = R l l o w a b l e  w a l l  stress from F i g u r e  3-6, p a g e  105 p s i  

a  = Wall  s e c t i o n  a r e a  = c / f c  i n.*..2/ f t 

I 
t = T h i c k n e s s  from T a b l e  3-2, p a g e  1 0 7  i rt 
I = Mclrnerit o f  i n e r t i a  frclrn T a b l e  3-2, p a g e  1 0 7  i r1."4/f t 
E = Modulus  of e l a s i c i t y  3E+07 1 b/ i rie*'2 

f f  = F l e x i b i l i t y  f a c t c a r  = d"'2/E./I+12 ( . 6 4 3 3  f o r  f a c t o r y  rnade p i p e .  

I ( .C)EOO f o r  f i e l d  a s s e r n b l e d  p i p e .  

' corr l . tga t  i our r d / r  f c  a t I  f f  I! ( i n )  ( i n )  ( p s i )  ( in ."2/f t )  ( i n )  ( i r1*"4/ f t  
d l L  



t = Mirrirnurn t h i c k n e s s  f c t r  s t r e n g t h  - - 0. 034 J i n 

Select t h i c k n e s s  f u r  a 7 5 - y e a r  first p e r f o r a t  iorr or  l/2 a v e r a g e  1 i fe, 11 Y = Y e a r s  fc t r  first p e r f a r a t  ictn = - - 75 
y = Y e a r s  f c t r  a v e r a g e  l i f e  = 2 * Y - - 1 50 

pl4 = pH of soi 1 envi runrnerr t  - - '3.3 
R = Soil r e s i s t i v i t y  - - 2440 ohm-cm 

y 1  = Y e a r s  f o r  a v e r a g e  l i f e  fo r  t=.092 irr. 
= 27.58*(log(R)-log(216C)-24'3C)*log(pH))) f c t r  pH (= 7.3 
= 2 .94  * R^.41, pH>7.3  - - 72 y e a r s  

af = Qdjl l s tmerr t  f a c t c t r  r e q u i r e d  = y / yl - - 3 . 0 8  
Q d j u s t r n e n t  F a c t o r  Used : 2. 2 / 



& 9 t h  Street 
C c ~ r r u g a t e d  Metal P i p e  

. S t r u c t u r a l  Des igrc  EJF/KM ........................................................................ ........................................................................ 
a R e :  Handbuok ctf Steel D r a i n a g e  a n d  Highway C c ~ n s t r u c t  i c ~ n  P rc tduc t  s, 

R r n e r i c a r ~  a n d  Steel I n s t  i t  u t e ,  1'383, C h a p t e r  3, P a g e s  '39-124. 

4 ........................................................................ ........................................................................ 
Site  c o r i d i t i u n s ,  

P I P E  RECORD NUMBER: 1 0 

I LOCFIT I ON : STR 2 6 + 0 1 . 5  - STR 2 6 + 4 1 . 5  
d  = P i p e  d i a m e t e r  - - 12 i n  
h = H e i g h t  af c o v e r  - - 0.5 f t  
w = W e i g h t  of soi 1 - - 

ill 
1 4 0  p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (FIRSHTO s p e c i f i e d )  = '35 % 
pH = pH cif s c l i  1 errviror i rnent  - - 3.2 

R = Soi l  r e s i s t i v i t y  - - 3'330 uhrn-crti 
?------------------------------------------------------------------------ I C o m p u t e  d e a d  I c e d ,  

DL = Dead l o a d  = h  * w - - 70 p s f  

Ci 
C o m p u t e  l i v e  l o a d ,  

L i v e  l o a d  can e f f e c t i v e  p l a r r e  a t  t c lp  af  p i p e  CLL> f r o r n  
C o n c r e t e  P i p e  Handbook,  a c p a ,  1'388, pg 4-38 - 4-33: 

C r  i t i ca 1 H S - 2 0  1 clad i rig c o n f  i g  u r a t  i or1 : 

II F  = P o i n t  Load  - - 1 6 0 0 0  L b s  
I F  = I rnpac t  F a c t o r  - - 1 . 3  
L  = L e n g t h  of P l a n e  - - 1 . 7 0  f t  

IU 
W = W i d t h  of Ft larre  - - 2 . 5 4  f t  
P a v q  = a v e r a g e  P r e s s u r e  R c t i n g  o n  P l a n e  

= F r I F / W / L  - - 4793 p s f  
LL = L i v e  l o a d  - - 4 7 3 3  p s f  

0' C o m p u t e  t h e  d e s i  gri l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 4 0 6 3  p s f  

St 1- r~ct  ur-e d e s i  g r ~ ,  

U 5 = 5pa1.1 = d / l 2  - .... 1 f t  
c = R i n g  c u r ~ i p r e s s i u n  = pv * s / 2  - - 24.32 - P P ~  
It. = Luad f a c t  ctr - 0.65 

1: 
r = Radi1.t~ of g y r a t i o r ~  ft-or!? T a b l e  1-4, page 42 i YI 

f c  =. R l l c ~ w a b l e  w a l l  stress frclrn F i g u r e  3-6, p a g e  1OEi p s i  
a = Wall s e c t i c t n  area = c / fc  i r1.~.2/f  t 
t = T h i c k r r e s s  f r c~ rn  T a b l e  3-2, p a g e  1 0 7  i rr 

I I  = Momer~t of i n e r t i a  frclrn T a b l e  3-Z, p a g e  107 ina"4/ft  
E = M o d u l u s  of e l a s i c i t y  3E+07 I b /  i n.'.2 

f f  = F l e x i b i l i t y  f lac tc l r  = d"." ~ / E / 1 * . 1 2  ( . a 4 3 3  for  f a c t c t r y  niade p i p e .  

8' ( .OZC)C) f o r  f i e l d  a s s e r n b l e d  p i p e .  

. i  C o r r u g a t  i c~ r t  r d / r  fc  a t I f f  
( i n )  ( p s i )  ( i n . " Z / f t )  ( irr) ( i r 1 ^ 4 / f t  



q. 
t = Mirtirnur~l t h i c k n e s s  f o r  s t r e n g t h  

'Select t h i c k n e s s  f o r  a 7 5 - y e a r  first p e r f o r a t  i c ~ r ~  o r  1/2 a v e r a g e  1 ife,  1; Y = Y e a r s  f u r  first p e r f a r a t  i o n  = - - 75 
y = Y e a r s  for a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pli of s o i  1 er tv i  rclrtrner~t - - 
/I 

9. e 
F? = S c ~ i l  r e s i s t i v i t y  - - 3330 ohm-cm 

y l  = Y e a r s  f o r  a v e r a g e  l i f e  fc t r  t = . O 5 2  i n .  
= 27.SB*(log(R)-lo~(P160-249C~*lc1g(pH>)) fo r  p H  (= 7.3 

II = 2 . 3 4  * R+*. 41,  PH> 7.3 - - BB y e a r s  
af  = R d j u s t r n e n t  fac tor  r e q u i r e d  = y I y l  - - 

Rd j c ~ s t  rnerlt F a c t  o r  Used : e. e 
C c ~ r r e s p o r t d  i ng t : 0. 109 in.  



C o r r u g a t e d  M e t  a1 P i p e  7/8/31 
S t r u c t u r a l  D e s i g r r  EJF/KM ........................................................................ ........................................................................ 
R e  : Ha~rdbc tc~k  of Steel D r a i n a g e  a n d  H i  ghway  C o n s t r u c t  i a n  P r o d u c t s ,  

C 
Crl~ner ican arrd Steel Irrst i t  u t e ,  1983, C h a p t e r  3, F t a g e s  39-124 .  

-----------------------.------------------------------------------------- ........................................................................ 
S i t e  cclrrd i t iorts, 

P I P E  RECORD NUMBER: 11 

B LOCRTION r STR 2 1 + 4 1 . 5  - STA 2 1 + 8 1 . 5  
d  = P i p e  d i a m e t e r  - - 2 4  irr 
h  = H e i g h t  of c o v e r  - - O.5 f t  
w  = W e i g h t  of sail - - 140 p c f  

b s d  = F a c k f  i l l  s c ~ i l  d e n s i t y  (CWSHTO s p e c i f i e d )  = 95 % 
pH = pH of s c ~ i  1 e n v  i r o r t m e n t  - - 3. e 

R = Sca i l  r e s i s t i v i t y  - - 3'330 ohm-cm 
---------------------*--------------------------------------------------- 

C o m p u t e  clead l o a d ,  
DL = D e a d  l o a d  = h  * w - - 70 p 5 f  

Compcrte l i v e  l o a d ,  
L i v e  l c ~ a d  ulrr e f f e c t i v e  p l a r r e  a t  t o p  of p i p e  (LL)  f r a r n  

C o n c r e t e  F ' i p e  Handbsc tk ,  a c p a ,  1388, p g  4 - 3 8  - 4-33: 

I 
Cr i t ical  H S - 2 0  l c tad  i r rg  cortf i g u t - a t  i o n :  

F4 = P c ~ i  r ~ t  L o a d  - - 16000 L b s  
I F  = I m p a c t  F a c t c a r  - - 1.3 
L  = L e n g t h  o f  P l a n e  - - 1.70 f t  

!I W = W i d t h  of F 1 l a n e  - - 2 . 5 4  f t  
F'avg = Crlverage F a r e s s u r ~  Crlct i n g  clrr F a l a v ~ e  

= = F a +  I F / W / L  - - 4 7 9 3  p s f  
LL = L i v e  l o a d  - 

i - 4 7 9 3  p s f  
Ccirnpute t.he d e s i g n  l o a d ,  

p v  = D e s i g r l  p r e s s u r e  = DL c LL - - 4 8 6 3  p s f  
. S t u - u c t  u r e  d e s i g n ,  

I s = S p a n  = d / 1 2  - - 2 f t  
c = R i n g  c o r t ~ p r e s s i o r ~  = p v  * s /2  - - 4863 p p f  
k = L c ~ a d  fac t  car - - 0. 65 

d r- = R a d i u s  of g y r a t i c t r r  frorn T a b l e  1-4,  p a g e  4 2  i rr 
f c  = R l l a w a b l e  w a l l  stress frccrn F i g u r e  3-15, p a g e  105 p s i  

a = Wall s e c t i c a n  a rea  = c/fc i n.*2/f=t 

i t - T h i c k r r e s s  frorn T a b l e  3-2, p a g e  107 i rr 
I = Mctrrlerrt of i n e r t  i a f r c ~ m  T a b l e  3-2, p a g e  107 i n . " 4 / f t  
E = M o d u l u s  o f  e l a s i c i t y  3 E + 0 7  lb/irr'"i2 

f f  = F l e x i b i l i t y  f a c t e r r  = d 'o '2 /E/I*12 ( "0433 f c t r  f a c t c a r y  rnade p i p e .  

I ( . OZQO for  f i e l d  ass iernt r led  p i p e .  

#Cca;:;:atic~r P- d / r  . f c  a t I f f  
( i 1-1 1 ( p s i  > ( i n . * ' Z / f t  ( i n )  ( i r1 ."4/f t  ) 



t = Minirflurn t h i c k n e s s  f c t r  s t r e n g t h  - -. 0. 034  
J 

i r~ 

: S e l e c t  t h i c k r r e s s  f o r  a 7 5 - y e a r  first p e r f o r a t  ion o r  1/2 a v e r a g e  1 ife,  I; Y = Years fo r  first p e r f o r a t i o n  = - 75 - 
y = Years for  a v e r a g e  l i f e  = 2 * Y - - 1 5 0  

pH = pH of ssi 1 errv i r o r t m e r r t  - - 
I1 

'3.2 
R = Soi l  r e s i s t i v i t y  - - 3350  ohm-cm 

y l  = Years f o r  a v e r a g e  l i f e  fo r  t=.Q32 i n .  
= 27.58*(log(R)-log(~16C)-243C~*log(pH))) f a r  pH <= 7 . 3  
= Z.34 * Ra'-.41, pH)7.3  - - 88 y e a r s  

a f  = Odjustrf ler t t  f ac to r  r e q u i r e d  = y  / y l  - - 1 .71  
Gd j us t r f len t  F a c t  or Used  : 
C o r r e s p o n d  i rig t : 0. 103 



8 1 9 t h  Street 
C o r r u g a t e d  Metal P i p e  7/8/31 
S t r u c t u r a l  D e s i g n  BJF/KM ......................................................................... ........................................................................ 
R e :  Harrdboalc o f  Steel D r a i n a g e  a n d  Highway Cartst  r u c k  i o n  F t r o d u c t s ,  

flrnerican arid Steel Xnst  i t u t e ,  1303,  C h a p t e r  3, P a g e s  9'3-124. m ........................................................................ ........................................................................ 
S i t e  c c t r r d i t i o n s ,  

P IPE RECORD NUMBER: 12 

41 LOCQTION: STR l2+C1.5  - STR 1 3 + 0 1 . 5  
d  = P i p e  d i a r n e t e r  - - 2 1  i n  
h = H e i g h t  of c o v e r  - - 6. 5 f t  

B 
w = Weight  of s c t i l  = 1 4 0  p c f  

b s d  = B a c k f i l l  s c t i l  d e r r s i t y  (RFISHTO s p e c i f i e d )  = '35 % 
pH = pH of soi 1 e n v  i rorrmerrt - - 7.8 

R = Soi l  r e s i s t i v i t y  - - 3350  ohm-crn 

SI ........................................................................ Cornput e d e a d  1 ctad, 
DL = Dead l o a d  = h  * w - - 70 p s f  

ill Curnpute 1 i v e  l o a d ,  
L i v e  l o a d  o n  e f f e c t i v e  p l a n e  a t  t o p  a f  p i p e  (LL) frctm 

C o r ~ c r e t e  P i p e  Handbsok,  a c p a ,  1988, pg 4-38 - 4-53: 

S1 
C r i t i c a l  HS-20 l o a d i n g  c a n f i g u r a t i c t n :  

F = P o i n t  Lctad - - 16000  L b s  , 

I F  = Irnpact  F a c t c t r  - - 1.3 
L  = L e n g t h  of P l a r t e  - - 1.70 f t  

I W =: Width  of Filarre - - 2.54 f t  
Pavy = Q v e r a g e  P r e s s u r e  a c t i n g  un Falarre 

= F 1 *  I F / W / L  - -. 47'33 p s f  
LL = L i v e  lctad - - 47'33 p s f  

111 Clclrnpute t h e  d e s i g n  l o a d ,  
pv  = D e s i g n  p r e s s u r e  = DL + LL - - 48133 p s f  

II 
St I - uc t  u r e  d e s i  g r ~ ,  

s = S p a n  = d / l 2  - - 1.75 f t  
c = Ring cctrnpressiclrt = pv * s/Z - - 4ZSG p p f  
k = Lctad f a c t c a r  - - 0. 65 

11 
r = R a d i u s  of g y r a t i o r r  frorn T a b l e  1-4, p a g e  4 2  i rr 

f c  = Fll lctwable w a l l  stress frctrn F i g u r e  3-6, p a g e  1 0 5  p s i  
a = Wall sect i o n  a r e a  = c/fc in , "Z / f t  
t = Thic l .<r tess  frarfl T a b l e  3-2, p a g e  1 0 7  i rr , I = Mctrnertt u f  i n e r t i a  f r o r n  T a b l e  3-2 , p a g e  107 i rr."4/ft 
E = Mcldulus o f  e l a s i c i t y  3E+07 1 b/  i r1^2 

f f  = F l e x i b i l i t y  f a c t c t r  = d ^ Z / E / I * l 2  ( . 0 4 3 3  fc t r  f a c t o r y  rnade p i p e .  - 
( .6200 fc t r  f i e l d  a s s e r n b l e d  p i p e .  

o r r u g  a t  i ctrr r d/t- fc  a t I I! f f  
( i n )  ( p s i  ( i n . T / f t  1 ( i n )  ( i r 1 ^ 4 / f t  



t = Minirnurn t h i c k r r e s s  f o r  s t r e n g t h  

Select t h i c k n e s s  f o r  a 7 5 - y e a r  first p e r - f c ~ r a t  i o n  o r  l/2 a v e r a g e  1 i f e ,  
Y = Years for-. first p e r f o r a t  iori = - - 75 
y = Y e a r s  f o r  a v e r a g e  l i f e  = 2 * Y - - 150 

p H  = pH o f  so i  1 errvirorrrner~t  - - 

U 
7.8 

R = S o i l  r e s i s t i v i t y  - - 3350 ohm-cm 
y l  = Y e a r s  far a v e r a g e  l i f e  f o r  t=. 052 i n .  

= ~7.58*(lc~g(R)-log(ZlGO-2430*log~pH))) for pH (= 7.3 

QI = 2.94 * R"'.41, pH)7.3 - - 82 y e a r s  
a f  = FSd.justmen.t f a c t c a r  r e q u i r e d  = y / yl - - 1.83 

FSd jus t r f lent  F a c t o r  Used : 2.2 / 
C c ~ r r e s p o n d i n g  t : 0. 103 i rt. 



t ,= Mir~irnurn t h i c k r r e s s  f o r  s t r e n g t h  - - 0. 0 3 4  J i t  

Select t h i c k n e s s  f c t r  a 7 5 - y e a r  first p e r f c t r a t  ictrr o r  1 /2  a v e r a g e  1 i fe, 
Y = y e a r s  for first p e r f a r a t i c t n  = - - 75 

y = Y e a r s  fo r  a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pH of soi 1 errvironrnerrt  - - 8 

R = S c t i l  r e s i s t i v i t y  - - 3670 ohm-cm 

y l  = Years f c ~ r  a v e r a g e  l i f e  f o r  t=. 0 5 2  irr. 
= 2 7 , 5 B * I : l c 1 g t R ~ - l c ~ g ( 2 1 6 C ~ - 2 4 ' 3 0 + l o g ( p H ) ) )  for pH (= 7.3 

dl = 2 .94  * Re".41, pH)7 .3  - - 85 y e a r s  

af  = R d j u s t m e n t  f a c t o r  r e q u i r e d  = y / y l  - - 1.76 

Rd j u s t  rnerrt F a c t  ctr Used : 
Cctrresporrd i rrg t : I 

0. 10'3 



1 9 t h  Street 
C c t r r u g a t e d  Metal P i p e  7/8/91 

I S t r u c t u r a l  D e s i g n  EJF/KM ........................................................................ _--------.-----_--------------------------------------------------------- 

R e :  Handbclok o f  St eel D r a i n a g e  arid H i g h w a y  C o r r s t r u c t  i o n  F 1 r o d u c t  s, 

u R r n e r i c a r t  a n d  Steel I r15t i t  u t e ,  1983, C h a p t e r  3, P a g e s  99-124.  _-_-_----_--------_----------------------------------------------------- _-_-_------------------------------------------------------------------- 
S i t e c o n d  i t i o n s ,  

FIIFrE RECORD NUMBER: 2 

u LOCCITION: STfl 5 3 + 7 1 . 5  - STR 5441 1.5 
d = P i p e  d i a r n e t e r  - - SO irc 
h = H e i g h t  of c o v e r  - - O. 5 f t  
w = W e i g h t  of sail - - 140 p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (RQSHTCl s p e c i f i e d )  = 95 % 
pH = pH of soi 1 e n v i r c ~ n r f l e n t  -. - 8. 0 

R = Soi l  r e s i s t i v i t y  - - 31570 ohm-crn 

8 ........................................................................ Ct=tmput e d e a d  1 clad, 
DL = Dead  l o a d  = h  * w - - 70 p s f  

I C o m p u t e  l i v e  l c t a d ,  
L i v e  l o a d  on e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL)  frorn 

C o r i c r e t e  P i p e  Har rdbaok ,  a c p a ,  1388, pg  4-38  - 4-33: 

1 
C r i t i c a l  HS-PC) l c l a d i r r g  c o n f  i g u r a t  i s m :  

Ft = F1oi r l t  L o a d  - - 16000 L b s  
I F  = I r n p a c t  F a c t o r  - - 1.3 

L  = L e r r g t h  of Fr la r re  - - 1.70 f t  

B W = W i d t h  of P l a n e  - - 2 . 5 4  f t  

F1avg = R v e r a g e  F r r - e s s u r e  Flct i r rg  c~rr Ftl arre 
= p * I F / W / L  - - 4793 p s f  

LL = L i v e  lcrarl - m - 47'33 p s f  

Cctrrtpute t h e  d e s i  g r ~  l o a d ,  
p v  = D e s i g r r  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  

S t r u c t u r e  d e s i g n ,  

I 5 = S p a n  = d / 1 2  - - 2.5 f t  

c = R i n g  c a m p r e s s i o n  = p v  * s / 2  - - € 0 7 3  p p f  
I.< = L a a d  f a c t o r  - - 0. 65 

1 r - R a d i u s  of g y r a t i c t n  f r - o m  T a b l e  1-4, p a g e  4 2  i rr 
f c  = R l l o w a b l e  w a l l  stress frcrrn F i g u r e  5-6, p a g e  105 p s i  

a = Wall sect iorr area = c/fc ine"2/ft 

I 
t = T h i c k r r e s s  frclrn T a b l e  3-2, p a g e  107 i n  
I = Mctrnerrt of iner t ia  frorn T a b l e  3-2, p a g e  107 i ri."4/ft 
E = M o d u l u s  of e l a s i c i t y  3 E + 0 7  1 b/ i n"'E 

0433 f c t r  f a c t c l r y  rnade p i p e .  f f  = F l e x i b i l i t y  f a c to r  = d."2/E/I*12 ( 

I ( . C ) 2 0 0  fo r  f i e l d  a s s e r n b l e d  p i p e .  

C o r r u g a t  i o n  r d / r  f c  a 
I i n )  ( i n )  ( p s i )  ( i r r . " 2 / f t >  

t 
( i n )  



7 

I! t 

mi 
t = Mini  rflurn t h i c k n e s s  for s t r e n g  t h  - - 0 .  0 3 4  J i r~ 

I Select t h i c k n e s s  f c t r  a  7 5 - y e a r  first p e r f s r a t  iorr or 1 / E  a v e r a g e  1 i f e ,  
Y = Years f o r  first p e r f c ~ r a t  iort  = - - 75 

y = Years fctr  a v e r a g e  l i f e  = 2 * Y - - 1 SC) 

pH = pH c ~ f  sc l i  1 e n v i  r o n m e r ~ t  - - 8 

U R = S o i l  r e s i s t i v i t y  - - 3670 ohm-crn 

yl = Y e a r s  for a v e r a g e  l i f e  fc l r  t=. 052 i n .  
= Z7.58*(lclg(R)-log(2160-Z43C)*log(pH)>) f o r  p H  (= 7.3 
= 2.94 * R.".41, pH)7 .3  - 

11 - €35 y e a r s  

af = f4d jus tmen t  f a c t o r  r e q u i r e d  = y / y l  - - 1.76 

Rd j u s t  ment F a c t  ar Used : 
C c t r r e s p o r ~ d  i rig t : 0 .  103 , 

1: 
mi 

mI 
li 
a 
11 
I' 
1' 

I' 
11 
11 

I 
Vf 2 



13th  Street 
C c t r r u q a t e d  Metal P i p e  7/8/91 
S t r u c t u r a l  D e s i  gri EJF/KM __-__---_--------------------------------------------------------------- ........................................................................ 
R e :  Handbook  of Steel D r a i  r i age  arid Highway Cc t r r s t ruc t  iart P r o d u c t s ,  

f l rner icar t  arrd Steel Irtst it  u t e ,  1983, C h a p t e r  3, P a g e s  99-124. a ........................................................................ ........................................................................ 
S i t e  cctrid i t i ~ ~ i s ,  

P I P E  RECORD NUMBER: 3 

111 LOCfiTION: STR 5 0 + 1 1 . 5  - STfi 5 0 + 5 1 . 5  
d = P i p e  d i a r f l e t e r  - - 30 irr 
h = H e i g h t  of c c t v e r  - - 0. 5 f t  

!I 
w = W e i g h t  of 5cti  1 - - 1 4 0  p c f  

b s d  = B a c k f  i 11 sc t i  1 d e n s i t y  (RRSHTO s p e c i f i e d )  = 95 Z 
pH = pH of s o i l  e r rv i ronmer r t  - - 8.9 

R = S c t i l  r e s i s t i v i t y  - - - 32200 ohm-crn ........................................................................ 
C o m p u t e  d e a d  l o a d ,  

DL = Dead l u a d  = h * w - - 70 p s f  

II Cctrnpute 1 i v e  l a a d ,  
L i v e  lc tad car1 e f f e c t i v e  p l a r i e  a t  t o p  of p i p e  (LL) frclrn 

C o r r c r e t e  P i p e  Hartdboctk, a c p a ,  1'388, pg 4-38 - 4-33: 

I1 
C r i t i c a l  HS-2O l o a d i n g  cortf i g u r a t  iorr: 

Ft = Fact i rit Lctad - - 16000 L b s  
I F  = I rnpac t  F a c t o r  - - 1.3 
L = L e n g t h  of P l a n e  - - 1.70 f t  

mi W = W i d t h  of P l a n e  - - 2 . 5 4  f t  
Fcavg = fiver-age P r e s s u r e  Q c t  irrg o n  P l  arre 

= F ' * I F / W / L  - - 4 7 3 3  p s f  
LL = L i v e  l o a d  - - 4793 p s f  1 Cctrnpute t h e  d e s i g n  l a a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 4863 p s f  

S t r u c t  c l r e  d e s i g r i ,  

I1 s = S p a n  = d / l 2  - - 2.5 f t  
c = Ririg c o m p r e s s . i o r i  = pv * r;/2 - - 6079 p p f  
k = Lctad factor  - - 0. 65 

(I r = R a d i u s  of g y r a t i o r ~  frclrr~ T a b l e  1-4, p a g e  4 2  i rr 
f c  = R l l o w a b l e  w a l l  stress frorn F i g u r e  3-6, p a g e  105 p s i  
a = W a l l  s e c t i o n  area = c/fc i r1."2/ f t 
t = T h i c k n e s s  frorn T a b l e  3-2, p a g e  107 1' i ri 
I = M o r n e r t t  of i n e r t i a  f r o r n  T a b l e  3-2, p a g e  1 0 7  irre"4/ft 
E = M o d u l u s  of e l a s i c i t y  3E+07 1 b/ i n'"2 

f f  = F l e x i b i l i t y  f a c t c t r  = do"2/E/ I*12  ( .- f o r  f a c t o r y  rnade p i p e .  
( . 0 2 C I 0  fo r  f i e l d  a s s e r n b l e d  p i p e .  

' ~ a r r u g a t  ictri r d / r  fc a t I f f  (1 ( i f )  ( i n )  ( p s i  ( i nh32 / f t  ( i n )  ( i r t e "4 / f t  1 





k t h  Street  
C o r r u g a t e d  Metal P i p e  7/8/91 
' S t r u c t  ctral D e s i g n  EJF/KM 
------------------------------------------------------------------------. ........................................................................ 
R e :  Harrdboctk of Steel  D r a i n a g e  a n d  H i g h w a y  C o r t s t r ~ i c t  i o n  P r o d u c t  5 ,  

R r n e r i c a r t  ar td  Steel I n s t  i t  u t e ,  1983, C h a p t e r  3, P a g e s  33-124. ........................................................................ ........................................................................ 
S i t e  c c l r r d i t i s n s ,  

P I  FIE RECORD NUMBER : 4 
LOCOTI ON : STR 4 7 + 0 1 . 5  - STR 47+41 .  C  I! d = F 1 i p e d i a r n e t e r  - - 30 i n  
h  = H e i g h t  of c o v e r  - - O.5  f t  

t w  = W e i g h t  of sail - - 1 4 0  p c f  
b s d  = B a c k f i l l  a c l i l  d e n s i t y  (aRSHT0 s p e c i f i e d )  = '35 % 

pH = pH of 5ai 1 er tv i rc l r r rne r~ t  - - 8.9 
R = Soi l  r e s i s t i v i t y  - - 2200 ohm-crn 

C ........................................................................ Cornp~.tt e d e a d  1 o d d ,  
DL = Dead  l o a d  = h  * w - - 70 p s f  

C o r n p u t e  l i v e  l o a d ,  # L i v e  l a a d  on e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL)  f r c ~ r n  
C c t r ~ c r e t e  P i p e  H a n d b o u k ,  a c p a ,  1988, p g  4 - 3 8  - 4-33:  

I! 
C r i t i c a l  H S - 2 0  l o a d i r ~ g  cortf i g u r a t  ion: 

F1 = P o i n t  L o a d  - - lCt'b00 L b s  
I F  = I r i ~ p a c t  F a c t o r  - - 1.3 
L  = L e n g t h  of F1lar te  - - 1.70 f t  

I! W = W i d t h  of P l a n e  - - 3 . 5 4  f t  
F1avg = Q v e r a g e  F 1 r e s s u r e  R c t  i n g  clrr F1l a n e  

= F 1 * I F / W / L  - - 4 7 3 3  p s f  
LL = L i v e  l a a d  - - 4733 p s f  

; C o m p u t e  t h e  d e s i  grr l o a d ,  B p v  = D e s i g n  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  

li 
S t r u c t u r e  d e s i g n ,  

s = S p a n  = d / l 2  - - 2.5 f t  
c =. R i n g  c o m p r e s s i a r l  = p v  * s/2 - - 607'3 p p f  
Ik = L o a d  f a c t  car - - Q. 65 

@ r = R a d i u s  of g y r a t i c l r r  frctrn T a b l e  1-4, p a g e  4 2  i n  
fc  = F l l  l c l w a b l e  w a l l  stress frorn F i g u r e  3-6, p a g e  105 p s i  

a = Wall sect i o n  area = c/fc i r1."2/f t 

I 
t; = T h i c k r r e s s  frclrn T a b l e  3-2, p a g e  107 i rt 
I = Mclrnerrt of irrert i a  f r o r n  T a b l e  3-2, p a g e  107 i n . " 4 / f t  
E = M o d u l u s  of e l a s i c i t y  S E W 7  lb/ i r1 . '%2 

f f  = F l e x i b i l i t y  f a c t c l r  = d * " Z / E / I * l 2  ( .L!&X? f o r  f a c t c l r y  rnade p i p e .  
( ,0200 f o r  f i e l d  a s s e r n b l e d  p i p e .  

u[~cl;I;Pat i o n  r d / r  fc  a t I f f  
( i n )  ( p s i  1 ( ina*2 / f t )  ( i n )  irtA4/ft ) 



a Select t h  i c k r r e s s  f u r  a 7 5 - y e a r  first p e r f c a r a t  iorr car 1 /Z  a v e r a g e  1 i fe, 
Y = Years fo r  first p e r f u r a t  ion  = = 75 
y = Years f o r  a v e r a g e  l i f e  = 2 * Y - - 1 5 C J  

pH = pH of soi 3 environment - - 8.9 

D R = Sai l  r e s i s t i v i t y  - - ZZCJO ohrn-crn 
y l  = Years fcar a v e r a g e  l i f e  for t=. O f j Z  i n .  

= Z7.50* (109  (R) - 1 ~ 1 ~  (2160-E49C)*lcag (pH) fcar pH (= 7.3 
= 2. 3 4  * R̂ . 4 1 ,  pH) 7.3 - - G9 y e a r s  

a f  = R d j u s t r n e n t  f ac to r  r e q u i r e d  = y / y l  - - 2. 17 
R d j  u s t  r n e n t  Fact or U s e d  : 2.2 / 



I! 
; 9 t h  Street 
C o r r u g a t e d  M e t  a1 P i p e  7/8/91 
S t r u c t u r a l  D e s i g n  EJF/KM ........................................................................ ......................................................................... 
R e :  Hartdbctclk of Steel D r a i r t a g e  and  Highway C o r t s t r u c t  i o n  P r o d u c t  5, 

I1 
Rrner ican  arid S t e e l  Irtst i t  u t e ,  1383, C h a p t e r  3, P a g e s  '3'3-124. ........................................................................ ........................................................................ 

Si t e  c o n d i t i o n s ,  
F1 I FIE RECORD NUMBER : c .J 

81 LOCRTI ON: STR 43+01 .5  - STR 43+41 .5  
d = P i p e  d i a r n e t e r  - - 30 i n  
h  = H e i g h t  of c o v e r  - - 0.5 f t  

II w = Weight  of s c ~ i l  - - 1 4 0  p c f  
b s d  = B a c k f i l l  s o i l  d e n s i t y  (RFISHTC) s p e c i f i e d )  = 95 % 

pH = pH of soi 1 errvirc~rrrnerrt - - 8. 3 
R = S a i l  r e s i s t i v i t y  - - 2200 ohm-cm 

l i  ........................................................................ Cornpcrte d e a d  l o a d ,  
DL = Dead l o a d  = h  * w - - 70 p s f  

I1 Curnpute 1 i v e  l o a d ,  
L i v e  lclad c1r1 e f f e c t i v e  p la r re  a t  tclp of p i p e  (LL) frorn 

C o r t c r e t e  P i p e  Handbook, a c p a ,  1988, pg 4-30 - 4-33: 

I1 
C r i t i c a l  HS-20 l o a d i n g  c o n f i g u r a t i o n :  

F1 = F1clirtt Laad - - lI5000 L b s  
I F  = Irnpact  F a c t o r  - - 1.3 
L  = L e n g t h  caf P l a n e  - - 1 .70  f t  

I' W = Width  o f  P l a n e  - - 2 . 5 4  f t  
F1avg = Q v e r a g e  P r e s s u r e  R c t  i n g  o n  F1lane 

= F 1 * I F / W / L  - - 4 7 3 3  p s f  

l l  
LL = L i v e  l o a d  - - 47'33 p s f  

Cclrnpute t h e  d e s i  grr l o a d ,  
pv = D e s i g n  p r e s s u r e  = DL + LL - - 4 0 6 3  p s f  

S t r u c t u r e  d e s i g n ,  

81 5 = S p a n  = d / l 2  - - 2.5 f t  
c = Ring cclrnpressiclrt = pv * s /2  - - 6079 p p f  
I.< = Laad fac t  car - - 0. 65 

1' r = R a d i u s  o f  g y r a t i o r r  f r o m  T a b l e  1-4, p a g e  4 2  i n  
f c  = R l l o w a b l e  w a l l  stress frorn F i g u r e  3-15, p a g e  1 0 5  p s i  
a = Wall  sect icwr a r e a  = c/fc i n " ' e / f t  

I' t = T h i c k r i e s s  frclrn T a b l e  3-2, p a g e  107 i rt 
I =: Moment o f  i n e r t i a  frclri~ T a b l e  3-2, p a g e  107 i rt" / f t 
E = Ivladulus o f  e l a s i c i t y  3E+07 lb/ ir1."2 

f f  = F l e x i b i l i t y  f ac to r  = d".s L /E / I*12  ( . 0 4 3 3  fclr  f a c t o r y  rnade p i p e .  - 
( .O200 for f i e l d  a s s e r n b l e d  p i p e .  

Corrcrgaf  i0r1 r d / r  fc  a t 
i ( i n )  I'  (irt) 

( p s i )  ( i n a * - 2 / f t  > ( i n )  



I t = Minirnurn t h i c k n e s s  f o r  s t r e n g t h  - - 0. 0 3 4  
J 

i n  

I Select t h i c k r r e s s  f a r  a 7 5 - y e a r  first p e r f o r a t  i o n  o r  l / Z  a v e r a g e  1 ife, 
Y = Years for first p e r f o r a t  i u n  = - - 75 
y  = Y e a r s  f o r  a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pH of s c ~ i  1 errvirctrrment - - 8.9 

I R = S a i l  r e s i s t i v i t y  - - 2200 ohm-em 
y l  = Years fo r  a v e r a g e  l i f e  f o r  t = . C ) 5 2  i n .  

= Z7.58*(1~g(R)-lc~g(Zi60-~490*lc~g(pH))) f o r  pH (= 7.3 
= 2.94 * Re".41, p H ) 7 . 3  - - 69 y e a r s  

a f  = Qd.justmerrt .  f a c t o r  r e q u i r e d  = y  / y l  - - 2. 17 
a d j u s t m e n t  F a c t o r  Used  : 2. 2 / 
C o r r e s p o n d  i rrg t : 



1 1 9 t h  S t r e e t  
C c t r r u g a t e d  Metal P i p e  7/8/91 

, S t r u c t u r a l  Desigrr  BJF/KM 
t----.------------,-_,-------------------------------------------------------- 

l i  
........................................................................ 
R e  : Hand baok o f  S t  eel D r a i n a g e  and  H i  ghway C o r r s t r u c t  iort P r o d u c t  5, 

R r n e r i c a r ~  arid S t e e l  I n s t  i t  u t e ,  1983, C h a p t e r  3, P a g e s  39-124. 

MI ........................................................................ ........................................................................ 
Si te  cclrrd i t i ctns, 

FtI FIE RECORD NUMBER: 6 

I I LOCGT I ON : STR 37c01.5 - 37c41.5 
d = F t i  p e  d i a m e t e r  - - 21 i n  
h  = H e i g h t  of c o v e r  - - 0.5 f t  
w = Weight  o f  s o i l  - - 

UI 
140 p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (RRSHTO s p e c i f i e d )  = 95 '/: 
pH = pH o f  so i  1 errvirctrrrnerrt - - 9.3 

R = Sct i l  r e s i s t i v i t y  ... - 2440 cthrn-cri~ ....................................................................... 
( I ~ o r n p u t e  d e a d  l o r d ,  

DL = Dead l o a d  = h  * w - - 70 p s f  

l i  Compute  1 i v e  l o a d ,  
L i v e  l o a d  c~ri e f f e c t i v e  p la r re  a t  t o p  of p i p e  (LL) frctrn 

Cclrrcrete P i p e  Haridbook, a c p a ,  1388, pg 4-38 - 4-33: 
C r i t i c a l  HS-20 l o a d i n g  c o n f i g u r a t i o n :  

I' Ft = P c t i r ~ t  Load - - 16000 L b s  
I F  = Irnpact  F a c t c t r  - - 1.3 
L  = Lerlgth o f  F t l a n e  - - 1.70 f t  

Ii W = Width  o f  F t l ane  - - 2.54 f t  
F 4 a v ~  = G v e r a g e  P r e s s u r e  Qct i n g  ctri P l a n e  

= p * I F / W / L  - - 47'33 p s f  
LL = L i v e  lctad - 

( 1  
- 4733 p s f  

Cctmp~.tte t h e  d e s i g n  l o a d ,  
pv = D e s i y r ~  p r e s s u r e  = DL + LL - - 4863 p s f  

Structure d e s i  gn, 

11 5 = S p a n  = d / l Z  - - 1.75 f t  
c = Ring c o m p r e s s i o r ~  = pv * s/2 - - 4256 p p f  
kc = Load f a c t c l r  - - 0.65 

I; r- = R a d i u s  o f  gyra t i c t r i  frctrn T a b l e  1-4, p a g e  42 i rr 
f c  = F I l l c ~ w a b l e  w a l l  stress frclrn F i g u r e  3-6, p a g e  105 p 5 i  

a  = Wall  s e c t i o n  a r e a  = c / f c  i r1."2/ f t 
t. = T h i c k n e s s  frctrn T a b l e  3-2, p a g e  107 

1: 
i n  

I  = Mclnlerit o f  irrert i a  from T a b l e  3-2, p a g e  107 i n ^ 4 / f t  
E = Modulus  u f  e l a s i c i t y  3E+07 1 b/  i n.*'2 

f f  = F l e x i b i l i t y  f a c t o r  = d"'" ~/E /1*12  ( . C)433 for  f a c t o r y  rnade p i p e .  
( . 0200 f a r  f i e l d  a s s e r n b l e d  p i p e .  

j C o r r ~ ~ g a t  icwt r d / r  f c a t I  f f  
( I  ( i n )  ( i n )  ( p s i  > ( i n " 2 / f t  1 ( i n )  ( i rr"'4 / f t 

i 1-1 / e x  1 /4 0.080 2G3 25385 0.168 0.034 0. 002 
0. 170 124 25385 0. 168 0. 034 0. 002 C). 038 

2-~ /2 ,<  112 0. 172 122 25385 0.168 0.034 0.01 1 0.016 
3 x 1  0. 344 61 25385 0. 168 CJ. 034 0. 05 1 0. 003 OX- 

I 5 x 1  0.368 57 L35385 0.168 0.064 CJ. 106 0. 002 4 
f,l ){ 2 0.688 31 25389 0 .  168 0. 109 6. 725 0. 000 3 



t = Mirtirnurn t h i c k n e s s  for s t r e n g t h  - - 0. 0 3 4  
J 

i rr 

I Select t h i c k n e s s  fo r  a 7 5 - y e a r  first p e r f o r a t  iarr or 1/2 a v e r a g e  1 ife, 
Y = Years far first p e r f o r a t  i o n  = - - 75 
y = Years fo r  a v e r a g e  l i f e  = 2 * Y - - 150 

p H  = p H  o f  s o i l  e r r v i r o r ~ r n e r ~ t  - - '3.3 

I R = Soi l  r e s i s t i v i t y  - - 2440 shrn-crn 
y l  = Y e a r s  for  a v e r a g e  l i f e  fo r  t=.052 i n .  

= 27.58* ( l a g  ( R )  - l a g  ( Z i E O - ~ 4 9 0 * l u g  (pH) for  pH (= 7.3 

R = 2. '34 *. R.*. 4 1 ,  pH> 7.3 - - 72 y e a r s  
af  = R d j u s t r n e n t  fac tor  r e q u i r e d  = y  / y l  - - 2. os 

Rd j u s t r n e n t  F a c t o r  Used  : 2.2 / 
C). 109v i rt. 



13th  Street I' C o r r u g a t e d  Metal P i p e  
i S t r u c t u r a l  D e s i g n  BJF/KM 
s--------------------------------------------.---------------------------- .------------------------------------------------------------------------- 
' R e :  Harrdbciok of Steel D r a i n a g e  arid Highway C o r r s t r u e t  iorr P r o d u c t s ,  Ii 

Rn~el - i can  a n d  S t e e l  I n s t  i t  u t e ,  1'303, C h a p t e r  3, P a g e s  '3'3-124. 
t------------------------------------------------------------------------ ........................................................................ 
S i t e  corrd i t  i o n s ,  " PIPE RECORD NUMBER: 3 

11 
LOCRTION: STQ 30+51.5  - STR 30+91 .5  
d = P i p e  d i a r n e t r r  - - 13 i n  
h  = H e i g h t  of c o v e r  - - 0.5 f t  
w = Weight  of sail - - 1 4 0  p c f  

11 b s d  = B a c k f i l l  s o i l  d e n s i t y  (QRSHTO s p e c i f i e d )  = '35 I;c 

p H  = pH of s o  i 1 e n v  i ronrnerrt - - 3.3 
R = Sc i i l  r e s i s t i v i t y  - - 2 4 4 0  ohrrt-crn 

........................................................................ 

11 Cornpute d e a d  l o a d ,  
DL = Dead l o a d  = h  + w - - 70 p s f  

Ccirnpute 1 i v e  l o a d ,  

D' L i v e  l o a d  o n  e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL) frorn 
Cclrrcrete F i ipe  Harrdbook, a c p a ,  1308,  pg 4-38 - 4-33: 

C r  i t i c a  l HS-20 1 clad i nq cortf i g u r a t  i o n :  

u1 F1 = F 1 o i  rit Load - - 16OO0 L b s  
I F  = Irnpact F a c t c ~ r  - - 1 . 3  
L  = L e n g t h  a f  P l a n e  - - 1 .70  f t  
W = Width  of P l a n e  - - 

l' 
2 . 5 4  f t  

Favg = Q v e r a g e  P r e s s u r e  R c t i n q  o n  P l a n e  
= P * I F / W / L  - - 47'33 p s f  

LL = L i v e  l o a d  - - 4 7 9 3  p s f  

I' Compute t h e  d e s i g n  l o a d ,  
pv = D e s i g n  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  

S t ) -  u c t  c t r e  d e s i g n ,  
5 = S p a n  = d / l 2  - - 1.25 f t  
c = Rirrg corz~ps-essiurr = pv * 5/2 - - 3040  p p f  
I.:. = Load fac t  cir - - 0.65 
r = R a d i u s  of g y r a t i c l n  frorn T a b l e  1-4, p a g e  4 2  i r~ 

I! f c  = Q l l a w a b l e  w a l l  stress frorn F i g u r e  3-6, p a g e  1 0 5  p s i  
a  = Wall  sect i o n  a r e a  = c / f c  i r1."2/f t  
t = T h i c k r ~ e s s  frcirn T a b l e  3-2, p a g e  107 i n  

I; 
I  = Murnent of ine r - t  i a  frcirn T a b l e  3-2, p a g e  107 i r1."4 / f t 
E = Modulus  of e l a s i c i t y  3E+07 1 b/ i rr-2 

f f  = F l e x i b i l i t y  f a c t c u r  = d"'2/E/I*12 ( :C)433 fo r  f a c t c i r y  rnade p i p e .  
( .C)2OO f o r  f i e l d  a s s e r n b l e d  p i p e .  

j C o r r u g a t  i o n  r d / r  fc  a t 

I (irr) ( i n )  ( p 5 i )  ( i n h 2 / f t )  ( i n )  

- 1  2 1 4  0 . 0 8 0  188 25385 0. 120 0. 0 3 4  
I Z x 1 / 2  

I 
0. 170 88 25305 C). 1 2 0  0. 0 3 4  

12-.=. L / 3 x 1 / 2  C). 172 87 25385 0. 120 0. 0 3 4  
3 x 1  0. 3 4 4  4 4  25385 0. I 2 0  0 .  0 3 4  

1 5 x 1  0.368 4 1  25385 0. 1 2 0  .-, .-, 0 . 0 6 4  
~ ; x 2  0. 659 I..b 25385 0. 1 e o  o. 103 



*s.t;h St : -c .e t  E 1::: 3 '3 7 
7 / .-:. .::, / 85 1 

,-..I:.? ! : u c ? a t c  Met: a]. F'j. pe g. I / L.L. .. . 
F t  Y :.rc t c.tr a1 I!es i qr! P .J / 1::: t? 
.~~====::=-:=:::-.Z::T-::Z=::=:=:Z~:=:~=:Z::IIZ::Z=::?I::::ZZ=I~~Z=~ZZZ=:==Z~~:EE:=:==~ZI~Z%~~E=~~~Z~=:ZI=Z='~: 

F:e: Handbctctl:: t:lf Steel D r a i n a g e  a n d  H i g h w a y  ! : c t n s t r u c t i o n  F ' r ~ : * d ~ \ c t ~ ~  
Amel- ican a n d  Steel I n s t i t ~ . r t e ,  19£23? C h a p t e r  3, Ft;...ges '39-124. 

_- -_---.-_-" ----- ̂_ ------" --...-----* --------------- - ----------------- -----------.-- ---" .-..l.-_..l,,,-... .tl --.. .." .......-.-,.-.-- " -..-.... --*- I--.." -.......... " ----------I..---------..- - -.--------- --------------- 
C; t e  c o n ~ !  i t ;  i c t n s ?  I' PIPE F:E:C:[)F:D NLIMEEF;: '3 

L .OCATION:  STA 304-50 
d =: P i p e  d i a m e t e r  - -. iS i n  
h = H e i g h t  1:111ver - - 

I 9.5 f t  
w - W e i g h t  o f  sctj.1 - - 14(:) p c f  

b s d  = J3acl::f i l l  soil d e n s i t y  (AASI-lTO s p e c i f i e d : )  = '35 % 
GI-l = pH I : I ~  s a i l  e n v i r o n m e n t  - ..- '3. 3 

R - Slzlil r e s i s t i v i t y  - - ;344(:) ohm-t:rr: 
--. .." ---..-.-* .---...- -" .--- - -.- --.-- --...-- -----,--,-,.-----------.--------- -- - --- -- ----------------, 
Corc;>u.t e i?ead 1 mad, 

,"L. - Dead l::.~z..d = h + ?J - - 1336 p s f  
Ir:trllxn\~?. E 1 i ve 1 mad, 0 L i v e  1.oacl a n  e f f e c t i v e  p l a r r a  a t  ttztp u f  p i p e  (LL:) frclm 

11 
iz:~:tr~crute P i p e  Handkj~:tol.::, a c p a ,  1938, p g  4 - 3 8  - 4-33:  

C:r i t  i c a l  1-45-20 11:tading c o n f  i g ~ [ r a t i l : ~ n :  
/=' - P o i n t  L-~:larj - - 48(:)(3(5 Lbs 
I F  = I mp! ~c t Fact: or - - 1 .  

1 I... -: L e n p t  h ~ r ~ f  P l  ane - - 21.45 f t  
W == Ltlidth ~ctf P l a n e  - - ;','2.29 f t 
F ' a v ~  - A v e ~ a g e  P r ~ s s u v e  A c t  i n 9  or? P l a n e  

2 =: F ' * ,  I F  / W /' L - -. 1. 0 0 p s f 

!.-L. = I...ive I I-!.?.:! 
- -- 1 0(:) p "- f 

:T:!rlm:?t.lt e t h e  d e s i g r i  ? oad, 
--a xT; z D e j, c; r; p !.- e s 5 u y  e =: DL, -1.. b L. - - !~7.3!:! p s f  
r' 

C t ~ * \ u ~ : : t ! . . ! ~ ,  d ~ : r ! : g r : ~  
c: ": Span - r!./j,2 f - .  - 1-25  f t  
1.1 ?r < *.-: , ., ,. , , ,: :z ;:: ) - .:"- c. 5 12 1-i =: p ,..a, Y- :::. , ,' 2 - 8'3.1 p ~ f  

4 I . -.. Pi L.ctscl f a c t  clr - - C). G5 
y = F'af:!i~!<::, 111f tzyi-ati~:cn frofi: Tab le  1-4,  p a g e  4 2  i n  

I .. 
4 A!. 1 .:.:iwabl e c!a]. 1. 5 t : y e 5 5  frctm F- j. gt.!re 3--G, . -. p a g e  1!:)5 p s i  

8 ,?. := Wal l  s e ~ : t i ~ : ~ n  a r ea  -: I : / ~ I :  i rn .-.2/ f t 
t: =: Thicl::r-ier:.s fr~rlm Tab1.e 3-2.', page 1.!:!7 i n  
1 = Mo,~ien t  I : I ~  i n e r t i a  frlr~rn T a b l e  3-2, p a g e  1(:)7 i n " & / f t  
F -. Yt:tdill LIZ; ~ t f  E)!. ,35i!: j . t : ~  -.. 3E-i-(:)7 lb,!in".2 

f f  = F l e l . ; . i b i l i t y  fa~:t~:ty =. d..'-2/E./la.12 .::: .(:)433 f o r  fa~: t t :~ry  made  p i p e .  - 
.::: .020(:) fctr  f j . e ] , d  a s s e m b l e d  p i p e .  

1 !-. - .- 
, . - -~ . . : :u t . rea t i~:~n t- d / u  f c a t I f f 

C j. IT :) C j. n :I ( p j. :) ( j. n '- .L/ft:i ( i n : )  C i n "' 4 / f t :) 



h .:,PI e,-t tf, it:: {::rle.-:c f.:,,. a 75---yealp f i r s t :  pel- f o r  at icqn ctr ! / 2  a v e r a g e  1 j. f e ,  t. -- Y :::: Ye:3,?r<: flzlr fj.ys p e r f ~ : t r a t i t : ~ n  = - .  -- 75 
y ::.: f l - , r -  a v e r a g e  l i f e  = 2 + '! - - 1 5 (1) 

I p 1-1 z: 
- pH 1::l.f c , c ~ i ~  e n v i r o n m e n t  -.. '3. 3 - F: =. S o i  2, r  p5.i z,t j . v i t  y - .L. '74.4~:) ohn~- .cn~  

= Year3 fl:~r a v e r a g e  l i f e  fclr  t==(:)52 i n .  

.I - 27.5E+.(l!~1~~(:F;:!-..?a~!:2:!F,!:!-2~.b~!i:~a.!o~!:pH:)):) f!:y pf.4 .::=: 7.3 
r 7 9 '*. F: ,'.', , <$ 1 13 k.1 :::. 7 , 3 - -- 72 

4.- . y e a r s  
- 

a f  = A d . j ~ r s t m e n t :  f a c t c ~ r  r e q u i r e d  =: y / yl - 2 .  c:,E) 

f7d.j u s t  m e n l :  Fat t o r  U s e d  : J 

3 C : ! : : ~ r r e s p o r d i n  t:: 0 . 1. 09 in. 

2 r J " ,  C O " " @ ~ f l  
O x ,  



9 t h  S t r e e t  EP:30'37 
::cgr ~ c r c i a t e q , ,  M e t  a]. F'i p e  7/22/91. 
Etrt.rl:tr.lral D e s i g n  #I EJF:/KM 
= ~ ~ = : - . I : ~ ~ I = : = ~ ~ ~ : ; = = ~ I Z I ~ = = = - ~ : I ~ = = . : = : : = I ~ I = I I I = I ~ ~ ~ I ~ ~ . = ~ : = ~ = ~ = ; ~ = = : I . ~ = = ~ = : ~ I = = : : = ~ : I I ~ . = = : : ~ : ~ ! :  

Fie: I~-lar.idb~rs~:~l~:: o f  Steel D r a i n a g e  a n d  Highway I Z c ~ n s t r u c t i u n  F ' r l : l d u ~ t s ~  
Amer i can  a n d  S t e e l .  I n s t i t u t e ,  1 9 8 3 ,  C:hapter  3, P a g e s  9.9-124. _--_----- .... --------_------------.--* ------------------------- -------------.--- ." _....._----_-_--.I--- ..̂ *.-- _ -.-.I- I..-."" _-----..-..-- __"  ....----.. ____--___-I" _.._-I_.--_-- ... ----.I -.-*--.---..---- 

S i t e  c c l r ~ d i t  iclrls, 
F'1F:'E REC:@RD NUMHEF:: 1 0 
LO1~:fiT I ON: ST& 2€+(:)(:1 
d = P i p e  d i a m e t e r  - - 15 i n  
h = t l e i g h t  o f  ~zclver -- - 11 f t  
w = Weigh t  of so i l  - - 1 4 0  p c f  

b s d  = Ra~zI. : : f i l l  s c i i l  d e n s i t y  (:ARSHTO s p e c i f i e d : )  = '35 % 
ptl = ptI 1z4f sc1j.1 e n v i r o n m e n t  -. -- 9.2 

F: = S c i l  re rs i~ . t  i v i t y  - - 393(:) ohm-I: m 
-_--. _.-. ---_-.-.__ -.._--.---.-------,-.-------.------------------~_---- -------- ---- ----- 
!C:c~mpute d e a d  !~:~ad, 

9L. = Dead ?cleld = !-I + 1.2 - -- 154(] p s f  

L i v e  lztad l>rl e f f e l z t i v c  p l a n e  a t  t s p  c ~ f  p i p e  (:LL:l f r c ~ m  
C~zln l - re te  P i p e  !-fandbov/::, acpa, 1988, pg 4-3cC! -- 4-33: 

C r i t i c a l  HS-.lO l o a d i n g  c o n f i g u r a t i o n :  
P :-: P o i n t  Lc~ad - - 4gr:)r:)(:) ~ b s  
I F  =: I m p a c t  Factl:~r -. - 1  
L = L e n g t h  o f  P l a n e  - - 2 4 . 0 8  f t  
W = Width  I:I~ P l a n e  - - 2 4 - 9 2  f t  
Pavg = A v e r a g e  P r e s s u r e  A c t i n g  on P l a n e  

=: p n. I F  ./ w 1 L - - ec) p s f  
L.1- = L i v e  Il::lad - ...- 8(:) p s f  

!T:c~mput:e t h e  cle.;ii.gn 11::1ad, 
pv - D e s i g n  ! : ) r e~ i~ : . i ! r e  = Ill. -1.. !...I.. -. - 162(:) p5.f 

Z tv t -~ , c tu l . - e  c !es ign?  
-... -.. j..25 f t  

I: =-: F? i  9 I: I:# tr~ p T- e 5.5. i ~:lfi = p \+* .if E, ./ 12: -- ! ( : ) !2 p:;?f -* 

I .  -- 
P:. !..clad f ac t cir -. r:) . G5 - 
I* = F-:ariit.!s 1::lf gyl-atin-ln frlzlrrr T a b l c  1-4, p a g e  4 2  i n  

ft:: - R11,::1watile w a l l  s t y e s . :  f r o m  F i g i t r e  3-6, p a g e  1.05 p s i  

J 
a = [.!all se lz t i~z tn  a r c z ,  - s:(/.]~c i n '" ,. '7 ./ f t 
?: = Thi~:l.:ness f rc~nl  T a b l e  3-2, p a g e  !C)7 i n  
T = M ~ > m e r c t  ~rtf i n e r t i a  frl:~rr; Tab!@ 3-2. , p a g e  1 0 7  i n A 4 / f t 
:: y:sdul  ~ . : s  c ~ f  e l a s i c  i t y  3E+(:)7 lb/in"'.':.' A 

.ff - r ! e x i b i ? i t y  f a c t c t r  - d."2,/E/Ic!2 .: -- (:1433 fl:~y f a c t o r y  made p i p e .  
.::: . 02C)O f o r  fie1 d as~;erntsl. ed p i p e .  



1:. Minim~\n?  thir: l . : :ness flrtr s t r e n g t h  .- - (:) . 034 Y i n  - 

#i -. t 
~ ' E I F ~ I : : ~ .  f .!- , j~:l : :nfi!~:~:.  f1111- 6, 7 7 5 ~ a r  f i r s t  p e r f o r a t j o n  cfr 1/2: a v e r a g e  l i f e ,  

'y' z:r  year.^ f t r~r  f i r s t  p e r  f~: l ra t  itztn - - .  75 
y =: Y e a r s  fcrr a v e r a g e  l i f e  =: 2 + Y - 1 50 # ; pt-I =: pl.4 o f  r-;t:til e r ivirctnfnent  -. -- CJ * .z 
F: = S ~ ~ j . 1  ~ ~ ~ s j . s ' ; i v i t ! +  - - 3930 o h m - ~ r m  

y l  = Y e a r s  fl:~r a v e r a g e  l i f e  firor t = . 0 5 2  i n .  

I; - 27,56~.(:].on1:R:)-luu(21~,O-..2~+30+.1og(p~.I:):)] fctr pH .:::= 7 . 3  
1 - 7 13~1 .K- ~ : . - . . 4 1  ~ ~ : : : . 7 . 3  58 y e a r s  - 

4.. . - 
f 

a f  = AcJ.justment fal: tor r e q u i r e d  = y / y l  - - j . .  71 

Ad.justment;  F a l z t s r  Used : 
tZ:ar r  er,pclnd i ng t : (1) . 1 09 i n . 



9 t h  Strpel: 1::: 3 i:) '3 7 
11:or ::~tgat;eri, Met al. P i p e  7/:?::,!'31 
-.t r u~: .I- L I Y  z :! Fez i ~n k E JF- / K M  
__-__._*_-_____..___ ..--,-- --..-----,-.---,,-.,--.------I" -*-.-,--,.-----,.-.---..---..-.---.---.- -----.------.-.--.------ ,, ̂__~_.__..."_._._.,....._......_...._..._.._......_.__I~" _..,".,.~"__._,I__" -_.........-- ^ ....... I-__.-.. ...... _. ...................................... -...- *-.--..-.-----.-.---.-..- 
a-.,t;;.: I-landb~:~~:#l.: ~rlf S t ~ e l  D r a i n a g e  a n d  I-{ighway r::~:~n.rtru~:ti~:~n F'rl:ldu~:ts, 

4mer !'.car1 arlcl Steel I n s t  i t~rq: :~,  1983, 11:hapter 3, P a g e s  99-,124. 
_____.__-.--_._l___.-_..._l._--_ -,----.-------------.----------- ---------.------- "-...-_-_-.......-.__.--.I _.._." _-_-_.... ...... . ..-- _-_ --.-..--- *_."-_____"_" ___-. - -___I  .._-_-__...._--I- ...- ----- -.----------- f - 
";f:p ~:c~r :di t : i ! : t r~~; ,  

C' PI  PF: ':EC:@F;:D NUMFER: 1 1 
LOI::AT I ~ r . . ! :  STA 214-210 
d = P i p e  diameter - - 15 in 
h =: I - l e i g h t  trtf ):ever - 1 1:) f t 

3 w --- GJcj.gtit lr~f m i l  - - 140 pc f 
h5c3 =: Eal:l : :f i l l  sl:~il d e n s i t y  (ARSHTO s p e c i f i e d : )  t: 

C C  3 % ~  % 
pi-.! = pH ~::+f ~ : . ~ r ~ i l  e n v i r ~ : ~ n m e n t :  - - '3 * 2; 

- 3,3CI" R =: SIXI : ' ,~  resi5.t  i v i t y  . ohm-cm 
_-._ _-_..-._.___-. _ -._.._..----...-..--._-" .....---_..---....---.. --- -----_ *--.....-.--------.--------------------- J 
rZclm;ute drat.' 11:lad: 

f DL.. .T?FAcI  I1:rc2-\d " h 4; k) 
..... -. 1 4 (:I (:I p 5 f 

!Cum3ut e 1 i v c  1 load, 
L.j.ve I c ~ a d  !:lri e f f e c t j . v e  p3.ar.l~ at tc tp  ctf p i p e  (LLS f r o m  

C 
C:ori~:rete P i p e  I-tandbol:~l::, acpa, 1'388, pg  4-38 - 4-33: 

I::r i t  i c a l  I-.lS--20 l l r l ad inq  +:orif i . g u r a t i a n :  
p ..: B -  I-link L-mad - - 48(:)(:)(:) Lbs 
IF- = I m p a c t  F a c t o r  - - 1 

' 1  1.. =:: L e n g t h  o f  F ' l a n e  - -. 22.33 f t. 
w z:: !*,tidt;h I Z I ~  p l a n e  - -. 23.17 f t  
F'av? - A v e r  z.ge F'r e s s u r r  e A c t  i n g  tin P l  a n e  

=: p 3. I F / / !, - -- 1 ~ 4  .,., '3 p s f  

l. L!. L i \ / e  1i:lad - - 33 p ~ f  
I -.rl-~~u.';.c t h e  d e s i g n  I. c!arJ? 

c \"., = D 5 c i c? rl 13 r e 5 5 1.1 r e = DL -1- L. L. - l4.543 p c f  p...: - + . - ~ t c t u t - e  d~r:.ig!-i. 
5;. =:2 r, ;..TI 2:: c j  ,/' j, 2; -- -.. 1.25 ft:  

I :r F: : ;? 1:- I::I ~2 ,:- 11; ,:: x. 5- ,::I 7: i.. r-. \ r f 2;. . . ..: .... .. / T, A- 
.=I ? ? , .,, p p f 

' I  1 :: :: i, r,, 3, ;j f ;>,:I: t, ,::: 1- -.. -. 0. 155 
t- :::- F:a::' ; t.::: I:! f g y r  a t  i I:IR f r c+m Tab 1 e 1-4, page 4 2  i n  

fl: = ~:1?.!..::.!...!,52~~ w a ! . l  sti-es.; fr-::tm F i a t ~ r e  3-13? page 105 P 5 3. 

(5, =: Wal! .=.e~:ti~:~:ln 3-pa -: ~ : / f l _  i n .". 2 / f t 
t = T1'.li3:I.::-,e.-:% fr-!:~m Tab],? 3--2, ps ,ge  !(I)? i n  
T == M.:mc?.?t I::! f i n e r t  i a f ,-om Tab! e 3-2: page 107 @ .. i n ""4 / f t 
E z:: !Ycd:\!. :.rs o f  el a s  i 1: i t y 3E-1-(:)7 ] ,b / in . "2  

1 f f  :: r ! p : , ; i b i l i t y  f a c t ~ : ~ u  - (3'"2,/E,/Tsr-?2 A:: . ( )433  flzlr f a ~ : t o r y  made  p i p e .  
::: .!:)Z:r:!<:) f c ~ r  f i e l d  a s s e n l t j l e d  ~ i p e .  

158 .-,C-~c 
L ,."I ,.:v o ,-I (:I . (:I 3 7 (:I . (:) 3 ~t (1) . (:)(32 (1) . t:) 3 6 

80 25335 0 . 03 7 (1) . 0 34 (:) . (:)(:)z (1) . (:)5(:) J or- 

87 h c '3 ~,.Jd$5 (:) . 03 7 (:I . (334 (1) * (1) 1 1 (1) . (:) (1) g 
4 4 25385 0 . i:)37 0. 034 0. (35 1 0 . (:)i:)2 
4 1 25385 (1) . (:I 2 7 0 .  054 (:I. l(:)G (1) , (1) (:I 1 
.-, .-, 
LL 25385 r:) . (1) 3 7 (1) . 1. (I! 9 t:!. 725 0 . C) 0 (:I 



t = M i n i m u m  t h i ~ r k : n e s . s  fl:~r s t r e n g t h  - ...- (:) . f:! 7: 2:; 

J i n  

Q 
:ele~:t: thi.t:l..:ncc.c; f:::tr a Ts--\,,,ear f i r s t  r ~ ~ t - f t 2 r ~ t : j . c . l ~  I:~Y I/;:_' avel-aqe ] . i . f e ,  Ii ." 

Y -- Y c ? a r ! ,  f c ~ r  f i r - , t  pc:rfl:~r;:,ti~:~r: z- -- ..- 75 
\,, ::: Ve;,i.yz f ~ x , l -  a \ , r p r a g e  ? j . f p  z:. 2; + Y 1' - 

-.. !. 50 

p!-? r- pl.4 ~ : t f  51:{il en\,,j.r~:~j-~mpnt .. -.- . 12 d r  .A r, 
' 5  F: -: 51::lj.I. r e . j . s t  iv j . t .y  -. -- 3 9 3 C! {::I 17 m -. I: m 

I,, 1 :: y c2 (3, r 4: ,for ~ V E T ~ ~ E Z  1  j. f e  ~ I Z I ~  t=:. (352 f n .  

8 = 2 7 , 5; 8 + i: 3 Q g! ( R :! 1  51 (: 2 1 (1) -2 4 '3!:) +. 1  0 q (: p /-I :) :I :) f I:, r p H .::: = 7 . 3 
z:: '30 ,a- . 9 ,:I. y.  1;.':"'. 4 1 ,, p I...! ;. 7 3 -.- - 853 y e ~ , ~  z. . .. 

af =: A d . j ~ ~ ~ t m e n t  f a c t o r  r e c ~ u i . r e c 1  = y ,/ yl. - - 1.71 - .- A r L j  t.rs t m e n  t F a c t  lor Uz.ecl 1 2: . -: 
C : c ~ u r e s . p o n d i n q  t c  0.10'3 / i n .  



13th  $tree!; E1.;3(:)*37 

R lT:or!:~.rqateq M e t a l  F'i.pe 7/;:2/~4 1 
Ety~-:ci:l(r.f.l I?~-..:.ic;ln E.Jr ,/ !.':M 
___..-_----..----.--.-.----...-.---.--..-...-- - ..--.-.--.-.-.--..-.-..- --..--.- --I--.- ----.- .--- -.-----"-.-..---..-.-..-----".-..-"-..--.----..-.-. _. ... .-.-^,.._ ,-_ .................................. .,... .+.. _." .." .-.-.- - --..-......._. -..-. -.-.- -..-- *- -..-.- ---.. -.--. .... -.. 
p .- : 

I I~~?ar-idl::~~::~~:~l.: 1:8f S t c e l .  n r a i n a q e  a n d  Wigt-iway ~Z:l:~nz.tv~!t:tilrln F ' r~:~du~: . ts~ If firnet- i c a n  2nd St :ec l  I r l s t  it.t.lte, 1 9 8 3 ,  C:hq.jter 3, P a g e s  3'3-,,.12:4. 
A --------.-.--..----- - -  - - - - - - - -  " --I..---,-.. ^ .--.....- .... .......---I.I--." -..-----. ...- .-... "_ *  -I--" ----.----.-I-- -.-----------------I-..------ 

S i t p  r8:indj.t i o r ) ~ . ,  

@ F' I F'E F:EC::OF:T! NUMEEF: : 1 2  
Llll1:AT I ON : STA 12-t-60 
d = P i p e  d j . a m e t e r  - - 1 5  i n  

n h = H e i g h t  12f cclver  - ...- 1 1  f t  
w = Weigh t  o f  s 1 : t i l  

- -. 1 4 0  p c  f 
hsd = I?c?l:L:f i l l  s c l i l  d e n ~ ; i t y  (:AASHTO r , p e l : i f i e d )  = '35 % 

?!-I -- ?!.d I::I~ ~ !z l i l .  en\/! ' .r~:~r\n?er~t - -. 

SI 
7.8  

E = S1::lil r e c i s t i v i t y  - - 335~:) 8:thm-c m ' 

---------.-----.---.-" ,-----.- -.--.- -.-----.-* ---." --..----..-- ----.---..-..-----...----- --------.-----.----------"- 

t::c~rr,pc!tc:~ d e a d  I ~:lad, 

f DL = Pead Ictad = h * w - -- 1 5 4 0  p s f  
g !I: 12 7 :-!, 5 c ! i ,;* <.- 1 1 3  <?. c? , 

L i v e  l oad  ~:lri e ? f e c t j . v e  p l a r ~ e  a t  t o p  t:tf p i p e  CLL) f rom 
C:t::~r~l:~-~te P i p e  Mandbg:~~>l.::, a c p a ,  It3EC, pg 4-38  - 4-33: 

C:ritit:al F.!S--2!:) 1.clading t:~:lnfigurati~:tn: 
P -:- P o i n t  [-,:lad - -.. 4 $3 (1) (1) (1) k- 13 5 

IF = I m p a c t  Fal::t.c~r - 1 

1 L =-: L e n g t h  111 f F ' S  ane "- - 2 4 .  ( 1 ) ~  fl; 

lAJ =:: W i d t h I:I f F'l an e - -- 24 32 f t 
Pavg  - h v e r a a e  P re s s t - t ue  At:t i n g  #:In P l a n e  

II K P - K I F ~ ~ ! / L  - - eo pCif 
L1-. = !.. i ve !. l?ad - ..- 80 p s f  

!z:ompu.L;e tF;e d e s i g n  1 clad, 
2 ~ .  -. 3p5:jr;r: 3yn.:.r;uye = 91- -1- L.[- -. -- ! 62!:) ;, 5 f - .  

- : ,  : : 1 ,  d p i p n 
-,, 7: ~ . r >  ;, ,- d / 1 2  ..... 1.25 f t  
,: :-- j ;-I .:I ::>;;;p y- c.>y 5; azlz Z Z  \., :+ r. ;/ 1:: -- 1 (:' 1 2 F? J2 f -- 

5 !.:: .: L. 1-1 r, c j  f c.: 1:: t c1,- - - 8.  (35 
y =- Ra:ji~.!s 1 1 t f  e\,,rat.il:~n fvt:#m T ~ ~ I E - .  3-4, p a g e  42 i r; 

f -. ~ l , l . c ; w a k ~ l , e  wall, s ~ r e s z .  ?~-i::lm FS.gtire 3-6 , ? a g e  1.05 p s i  

u .:z =: 1.Ja 1 1 set: t i 1:,!1 a y  ~ 3 .  =:: I:: / f I: i .". 2 / f 
t :: ?PI j,l-b:::;ec.s fr3:m TabTe  3-2:, page !<I? i n  
I =: Mt:$mp:t ,sf i n e v t i a  frl:lm Jab1 e 3-2, p a g e  ! ! 3 7  i n + I / f t  
5 - ?locju].r\.: ~:?f  ~ . ! a s j . l : i t y  3E.r-07 1 t\ / i, n."2 

f f  2: Fle : ; . ; ib i l  j t y  fa;:t.l:~r- -:: d""2/E/I*l::: .::: .(:)433 flsr f a l - t o r y  made p i p e .  - 
.::: .f!20(:) ft:,;. f i e l d  a s s e m b l e d  p i p e .  



t = Minim\-lrn t l - ~ i c \ : : n e . r ~ ;  fl-lu s t r e n g t h  - ..,. 0 .  024 i n  1 .> t 
,5 e 1 51,: t: t l-', :I 1.:: 3 E: r; r:, f c, 1- a 7'";-... . , 4eC:1).' , - - f i.1-5.t pf l r fc : t r a t i ,~ : :~n  ctr 1 /2  a v e r a g e  I j. f e ,  

'i ::- Ypat-.: fl:+r f i y c , t  p e r f l > ? - a t i o n  ::- ..- ..... 75 
2:: Year 5; f clr  age 1, i f e =: 2 f(. '{ .... 150 -. & pt-I = I : I ~  5.13il pn\.f ir~:~;~,npn' ;  - 7.8 - 

r: z SI:,j,l r e c . i s t : j , y j , t . y  -. -.. 335!:! ~ h m - , c  fit 

yl :-: Years f o r  average  1 i f e  fmr t=.(:)52 i n .  

1 -- - ~ ~ . ~ ~ u ~ ( ] . l r l c ; l ( ~ : : ) - - 1 c l ~ ~ ( ~ j ~ ( ~ ) - 2 . ~ . ~ ( ~ ) ~ ~ ~ ~ ~ ~ p t . ( : ) : l : )  - fol* pH .::= 7.3 
= 2.13s:1 * r;:.";.41, p~:::.7,3 - -- 82 years  

a f  = Ad.ji.~strnerit: f a c t c ~ r  r e q u i r e d  = y / yf.  - - 1.83 

C?d.jcrc:. t men.1: Fat: t or LJsecl : 
Cl-lr r e~-?pc.lnd j. ng t : i n .  

..fM,i Cur o r  s 01/09  -u*-. 



1 ; 3 t h  S t r e e t  
C o r r u g a t e d  IYetal P i p e  7 / 8 / 3 1  

E St r u c t  c ~ r a l  D e s i  g n  EfJF/KM 
--------------------------.----------------------------------------------- ........................................................................ 
R e :  Hartdbctolc of S t e e l  D r a i n a g e  a n d  Highway Cctr~s t rcrc t  iori P r o d u c t  5, 

I 
n r n e r i c a r ~  arid S t e e l  I n s t i t u t e ,  1383, C h a p t e r  3, P a g e s  '3'3-124, ........................................................................ ........................................................................ 

S i t e c c ~ r ~ d  i t  i oris, 
P I  FIE RECORD NUMBER: 1 

J LOCRT I ON : ST# 58+01. 5 - STQ 5 8 + 4 1 . 5  
d = P i p e  d i a m e t e r  - - 12 i n  
h  = H e i g h t  of c o v e r  - - 0. 5 f t  

f w = Weight  o f  s o i l  - - 1 4 0  p c f  
b s d  = B a c k f i l l  s c t i l  d e n s i t y  (RRSHTO s p e c i f i e d )  = 35 % 

pH = pH ctf s u i  1 ertv i rc~rrrnerit - - 8. 0 
R = S c ~ i l  r e s i s t i v i t y  - - 

i 
3 6 7 0  ohm-cm ........................................................................ 

Compute  d e a d  l o a d ,  
DL = Dead l o a d  = h  * w - - 70 p s f  

C Compute  1 i v e  l o a d ,  
L i v e  lctad clr~ e f f e c t i v e  p l a r t e  a t  t o p  of p i p e  (LL) frctrn 

C o r t c r e t e  P i p e  Haridbook, a c p a ,  1388, pg 4-38 - 4-33: 

I C r i t i c a l  HS-2O l o a d i n g  c o n f i g u r a t i o r i :  
F1 = P o i n t  Load - - 16000 L b s  
I F  = Iri7pact F a c t o r  - - 1.3 
L  = Ler ig th  o f  P l a r i e  - - 1 .70  f t  

I W = Width  of P l a n e  - - 2 .54  f t  
Pavg = n v e r a y e  P r e s s u r e  Qct i n g  o n  P l a n e  

= F 4 *  I F /  W / L  - - 47'33 p s f  

1 LL - L i v e  l o a d  - - 4 7 3 3  p s f  
Cor i~pu te  t h e  clesi gn  l o a d ,  

pv = D e s i g n  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  
l S t r u c t  u r e  d e s i g n ,  

6 s = S p a n  = d / l 2  - - 1 f t  
c = Ring c o m p r e s s i o n  = pv w s/E' - - 2 4 3 2  

- P P ~  
k = Load fac tor  - 0. 65 

E' r - R a d i u s  s f  g y r a t i c t n  frctrn T a b l e  1-4, p a g e  4 2  i rt 
fc  = R l l o w a b l e  w a l l  stress fr-orn F i g u r e  3-6, p a g e  105 p s i  

a  = Wall  s e c t i o n  a r e a  = c / f c  i n.*..2/ f t 

I 
t = T h i c k n e s s  f r u r t ~  T a b l e  3-2, p a g e  1 0 7  i rt 
I = Mclrnerit o f  i n e r t i a  frclrn T a b l e  3-2, p a g e  1 0 7  i r1."4/f t 
E = Modulus  of e l a s i c i t y  3E+07 1 b/ i rie*'2 

f f  = F l e x i b i l i t y  f a c t c a r  = d"'2/E./I+12 ( . 6 4 3 3  f o r  f a c t o r y  rnade p i p e .  

I ( .C)EOO f o r  f i e l d  a s s e r n b l e d  p i p e .  

' corr l . tga t  i our r d / r  f c  a t I  f f  I! ( i n )  ( i n )  ( p s i )  ( in ."2/f t )  ( i n )  ( i r1*"4/ f t  
d l L  



t = Mirrirnurn t h i c k n e s s  f c t r  s t r e n g t h  - - 0. 034 J i n 

Select t h i c k n e s s  f u r  a 7 5 - y e a r  first p e r f o r a t  iorr or  l/2 a v e r a g e  1 i fe, 11 Y = Y e a r s  fc t r  first p e r f a r a t  ictn = - - 75 
y = Y e a r s  f c t r  a v e r a g e  l i f e  = 2 * Y - - 1 50 

pl4 = pH of soi 1 envi runrnerr t  - - '3.3 
R = Soil r e s i s t i v i t y  - - 2440 ohm-cm 

y 1  = Y e a r s  f o r  a v e r a g e  l i f e  fo r  t=.092 irr. 
= 27.58*(log(R)-log(216C)-24'3C)*log(pH))) f c t r  pH (= 7.3 
= 2 .94  * R^.41, pH>7.3  - - 72 y e a r s  

af = Qdjl l s tmerr t  f a c t c t r  r e q u i r e d  = y / yl - - 3 . 0 8  
Q d j u s t r n e n t  F a c t o r  Used : 2. 2 / 



& 9 t h  Street 
C c ~ r r u g a t e d  Metal P i p e  

. S t r u c t u r a l  Des igrc  EJF/KM ........................................................................ ........................................................................ 
a R e :  Handbuok ctf Steel D r a i n a g e  a n d  Highway C c ~ n s t r u c t  i c ~ n  P rc tduc t  s, 

R r n e r i c a r ~  a n d  Steel I n s t  i t  u t e ,  1'383, C h a p t e r  3, P a g e s  '39-124. 

4 ........................................................................ ........................................................................ 
Site  c o r i d i t i u n s ,  

P I P E  RECORD NUMBER: 1 0 

I LOCFIT I ON : STR 2 6 + 0 1 . 5  - STR 2 6 + 4 1 . 5  
d  = P i p e  d i a m e t e r  - - 12 i n  
h = H e i g h t  af c o v e r  - - 0.5 f t  
w = W e i g h t  of soi 1 - - 

ill 
1 4 0  p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (FIRSHTO s p e c i f i e d )  = '35 % 
pH = pH cif s c l i  1 errviror i rnent  - - 3.2 

R = Soi l  r e s i s t i v i t y  - - 3'330 uhrn-crti 
?------------------------------------------------------------------------ I C o m p u t e  d e a d  I c e d ,  

DL = Dead l o a d  = h  * w - - 70 p s f  

Ci 
C o m p u t e  l i v e  l o a d ,  

L i v e  l o a d  can e f f e c t i v e  p l a r r e  a t  t c lp  af  p i p e  CLL> f r o r n  
C o n c r e t e  P i p e  Handbook,  a c p a ,  1'388, pg 4-38 - 4-33: 

C r  i t i ca 1 H S - 2 0  1 clad i rig c o n f  i g  u r a t  i or1 : 

II F  = P o i n t  Load  - - 1 6 0 0 0  L b s  
I F  = I rnpac t  F a c t o r  - - 1 . 3  
L  = L e n g t h  of P l a n e  - - 1 . 7 0  f t  

IU 
W = W i d t h  of Ft larre  - - 2 . 5 4  f t  
P a v q  = a v e r a g e  P r e s s u r e  R c t i n g  o n  P l a n e  

= F r I F / W / L  - - 4793 p s f  
LL = L i v e  l o a d  - - 4 7 3 3  p s f  

0' C o m p u t e  t h e  d e s i  gri l o a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 4 0 6 3  p s f  

St 1- r~ct  ur-e d e s i  g r ~ ,  

U 5 = 5pa1.1 = d / l 2  - .... 1 f t  
c = R i n g  c u r ~ i p r e s s i u n  = pv * s / 2  - - 24.32 - P P ~  
It. = Luad f a c t  ctr - 0.65 

1: 
r = Radi1.t~ of g y r a t i o r ~  ft-or!? T a b l e  1-4, page 42 i YI 

f c  =. R l l c ~ w a b l e  w a l l  stress frclrn F i g u r e  3-6, p a g e  1OEi p s i  
a = Wall s e c t i c t n  area = c / fc  i r1.~.2/f  t 
t = T h i c k r r e s s  f r c~ rn  T a b l e  3-2, p a g e  1 0 7  i rr 

I I  = Momer~t of i n e r t i a  frclrn T a b l e  3-Z, p a g e  107 ina"4/ft  
E = M o d u l u s  of e l a s i c i t y  3E+07 I b /  i n.'.2 

f f  = F l e x i b i l i t y  f lac tc l r  = d"." ~ / E / 1 * . 1 2  ( . a 4 3 3  for  f a c t c t r y  niade p i p e .  

8' ( .OZC)C) f o r  f i e l d  a s s e r n b l e d  p i p e .  

. i  C o r r u g a t  i c~ r t  r d / r  fc  a t I f f  
( i n )  ( p s i )  ( i n . " Z / f t )  ( irr) ( i r 1 ^ 4 / f t  



q. 
t = Mirtirnur~l t h i c k n e s s  f o r  s t r e n g t h  

'Select t h i c k n e s s  f o r  a 7 5 - y e a r  first p e r f o r a t  i c ~ r ~  o r  1/2 a v e r a g e  1 ife,  1; Y = Y e a r s  f u r  first p e r f a r a t  i o n  = - - 75 
y = Y e a r s  for a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pli of s o i  1 er tv i  rclrtrner~t - - 
/I 

9. e 
F? = S c ~ i l  r e s i s t i v i t y  - - 3330 ohm-cm 

y l  = Y e a r s  f o r  a v e r a g e  l i f e  fc t r  t = . O 5 2  i n .  
= 27.SB*(log(R)-lo~(P160-249C~*lc1g(pH>)) fo r  p H  (= 7.3 

II = 2 . 3 4  * R+*. 41,  PH> 7.3 - - BB y e a r s  
af  = R d j u s t r n e n t  fac tor  r e q u i r e d  = y I y l  - - 

Rd j c ~ s t  rnerlt F a c t  o r  Used : e. e 
C c ~ r r e s p o r t d  i ng t : 0. 109 in.  



C o r r u g a t e d  M e t  a1 P i p e  7/8/31 
S t r u c t u r a l  D e s i g r r  EJF/KM ........................................................................ ........................................................................ 
R e  : Ha~rdbc tc~k  of Steel D r a i n a g e  a n d  H i  ghway  C o n s t r u c t  i a n  P r o d u c t s ,  

C 
Crl~ner ican arrd Steel Irrst i t  u t e ,  1983, C h a p t e r  3, F t a g e s  39-124 .  

-----------------------.------------------------------------------------- ........................................................................ 
S i t e  cclrrd i t iorts, 

P I P E  RECORD NUMBER: 11 

B LOCRTION r STR 2 1 + 4 1 . 5  - STA 2 1 + 8 1 . 5  
d  = P i p e  d i a m e t e r  - - 2 4  irr 
h  = H e i g h t  of c o v e r  - - O.5 f t  
w  = W e i g h t  of sail - - 140 p c f  

b s d  = F a c k f  i l l  s c ~ i l  d e n s i t y  (CWSHTO s p e c i f i e d )  = 95 % 
pH = pH of s c ~ i  1 e n v  i r o r t m e n t  - - 3. e 

R = Sca i l  r e s i s t i v i t y  - - 3'330 ohm-cm 
---------------------*--------------------------------------------------- 

C o m p u t e  clead l o a d ,  
DL = D e a d  l o a d  = h  * w - - 70 p 5 f  

Compcrte l i v e  l o a d ,  
L i v e  l c ~ a d  ulrr e f f e c t i v e  p l a r r e  a t  t o p  of p i p e  (LL)  f r a r n  

C o n c r e t e  F ' i p e  Handbsc tk ,  a c p a ,  1388, p g  4 - 3 8  - 4-33: 

I 
Cr i t ical  H S - 2 0  l c tad  i r rg  cortf i g u t - a t  i o n :  

F4 = P c ~ i  r ~ t  L o a d  - - 16000 L b s  
I F  = I m p a c t  F a c t c a r  - - 1.3 
L  = L e n g t h  o f  P l a n e  - - 1.70 f t  

!I W = W i d t h  of F 1 l a n e  - - 2 . 5 4  f t  
F'avg = Crlverage F a r e s s u r ~  Crlct i n g  clrr F a l a v ~ e  

= = F a +  I F / W / L  - - 4 7 9 3  p s f  
LL = L i v e  l o a d  - 

i - 4 7 9 3  p s f  
Ccirnpute t.he d e s i g n  l o a d ,  

p v  = D e s i g r l  p r e s s u r e  = DL c LL - - 4 8 6 3  p s f  
. S t u - u c t  u r e  d e s i g n ,  

I s = S p a n  = d / 1 2  - - 2 f t  
c = R i n g  c o r t ~ p r e s s i o r ~  = p v  * s /2  - - 4863 p p f  
k = L c ~ a d  fac t  car - - 0. 65 

d r- = R a d i u s  of g y r a t i c t r r  frorn T a b l e  1-4,  p a g e  4 2  i rr 
f c  = R l l a w a b l e  w a l l  stress frccrn F i g u r e  3-15, p a g e  105 p s i  

a = Wall s e c t i c a n  a rea  = c/fc i n.*2/f=t 

i t - T h i c k r r e s s  frorn T a b l e  3-2, p a g e  107 i rr 
I = Mctrrlerrt of i n e r t  i a f r c ~ m  T a b l e  3-2, p a g e  107 i n . " 4 / f t  
E = M o d u l u s  o f  e l a s i c i t y  3 E + 0 7  lb/irr'"i2 

f f  = F l e x i b i l i t y  f a c t e r r  = d 'o '2 /E/I*12 ( "0433 f c t r  f a c t c a r y  rnade p i p e .  

I ( . OZQO for  f i e l d  ass iernt r led  p i p e .  

#Cca;:;:atic~r P- d / r  . f c  a t I f f  
( i 1-1 1 ( p s i  > ( i n . * ' Z / f t  ( i n )  ( i r1 ."4/f t  ) 



t = Minirflurn t h i c k n e s s  f c t r  s t r e n g t h  - -. 0. 034  
J 

i r~ 

: S e l e c t  t h i c k r r e s s  f o r  a 7 5 - y e a r  first p e r f o r a t  ion o r  1/2 a v e r a g e  1 ife,  I; Y = Years fo r  first p e r f o r a t i o n  = - 75 - 
y = Years for  a v e r a g e  l i f e  = 2 * Y - - 1 5 0  

pH = pH of ssi 1 errv i r o r t m e r r t  - - 
I1 

'3.2 
R = Soi l  r e s i s t i v i t y  - - 3350  ohm-crfl 

y l  = Years f o r  a v e r a g e  l i f e  fo r  t=.Q32 i n .  
= 27.58*(log(R)-log(~16C)-243C~*log(pH))) f a r  pH <= 7 . 3  
= Z.34 * Ra'-.41, pH)7.3  - - 88 y e a r s  

a f  = Odjustrf ler t t  f ac to r  r e q u i r e d  = y  / y l  - - 1 .71  
Gd j us t r f len t  F a c t  or Used  : 
C o r r e s p o n d  i rig t : 0. 103 



8 1 9 t h  Street 
C o r r u g a t e d  Metal P i p e  7/8/31 
S t r u c t u r a l  D e s i g n  BJF/KM ......................................................................... ........................................................................ 
R e :  Harrdboalc o f  Steel D r a i n a g e  a n d  Highway Cartst  r u c k  i o n  F t r o d u c t s ,  

flrnerican arid Steel Xnst  i t u t e ,  1303,  C h a p t e r  3, P a g e s  9'3-124. m ........................................................................ ........................................................................ 
S i t e  c c t r r d i t i o n s ,  

P IPE RECORD NUMBER: 12 

41 LOCQTION: STR l2+C1.5  - STR 1 3 + 0 1 . 5  
d  = P i p e  d i a r n e t e r  - - 2 1  i n  
h = H e i g h t  of c o v e r  - - 6. 5 f t  

B 
w = Weight  of s c t i l  = 1 4 0  p c f  

b s d  = B a c k f i l l  s c t i l  d e r r s i t y  (RFISHTO s p e c i f i e d )  = '35 % 
pH = pH of soi 1 e n v  i rorrmerrt - - 7.8 

R = Soi l  r e s i s t i v i t y  - - 3350  ohm-crn 

SI ........................................................................ Cornput e d e a d  1 ctad, 
DL = Dead l o a d  = h  * w - - 70 p s f  

ill Curnpute 1 i v e  l o a d ,  
L i v e  l o a d  o n  e f f e c t i v e  p l a n e  a t  t o p  a f  p i p e  (LL) frctm 

C o r ~ c r e t e  P i p e  Handbsok,  a c p a ,  1988, pg 4-38 - 4-53: 

S1 
C r i t i c a l  HS-20 l o a d i n g  c a n f i g u r a t i c t n :  

F = P o i n t  Lctad - - 16000  L b s  , 

I F  = Irnpact  F a c t c t r  - - 1.3 
L  = L e n g t h  of P l a r t e  - - 1.70 f t  

I W =: Width  of Filarre - - 2.54 f t  
Pavy = Q v e r a g e  P r e s s u r e  a c t i n g  un Falarre 

= F 1 *  I F / W / L  - -. 47'33 p s f  
LL = L i v e  lctad - - 47'33 p s f  

111 Clclrnpute t h e  d e s i g n  l o a d ,  
pv  = D e s i g n  p r e s s u r e  = DL + LL - - 48133 p s f  

II 
St I - uc t  u r e  d e s i  g r ~ ,  

s = S p a n  = d / l 2  - - 1.75 f t  
c = Ring cctrnpressiclrt = pv * s/Z - - 4ZSG p p f  
k = Lctad f a c t c a r  - - 0. 65 

11 
r = R a d i u s  of g y r a t i o r r  frorn T a b l e  1-4, p a g e  4 2  i rr 

f c  = Fll lctwable w a l l  stress frctrn F i g u r e  3-6, p a g e  1 0 5  p s i  
a = Wall sect i o n  a r e a  = c/fc in , "Z / f t  
t = Thic l .<r tess  frarfl T a b l e  3-2, p a g e  1 0 7  i rr , I = Mctrnertt u f  i n e r t i a  f r o r n  T a b l e  3-2 , p a g e  107 i rr."4/ft 
E = Mcldulus o f  e l a s i c i t y  3E+07 1 b/  i r1^2 

f f  = F l e x i b i l i t y  f a c t c t r  = d ^ Z / E / I * l 2  ( . 0 4 3 3  fc t r  f a c t o r y  rnade p i p e .  - 
( .6200 fc t r  f i e l d  a s s e r n b l e d  p i p e .  

o r r u g  a t  i ctrr r d/t- fc  a t I I! f f  
( i n )  ( p s i  ( i n . T / f t  1 ( i n )  ( i r 1 ^ 4 / f t  



t = Minirnurn t h i c k r r e s s  f o r  s t r e n g t h  

Select t h i c k n e s s  f o r  a 7 5 - y e a r  first p e r - f c ~ r a t  i o n  o r  l/2 a v e r a g e  1 i f e ,  
Y = Years for-. first p e r f o r a t  iori = - - 75 
y = Y e a r s  f o r  a v e r a g e  l i f e  = 2 * Y - - 150 

p H  = pH o f  so i  1 errvirorrrner~t  - - 

U 
7.8 

R = S o i l  r e s i s t i v i t y  - - 3350 ohm-cm 
y l  = Y e a r s  far a v e r a g e  l i f e  f o r  t=. 052 i n .  

= ~7.58*(lc~g(R)-log(ZlGO-2430*log~pH))) for pH (= 7.3 

QI = 2.94 * R"'.41, pH)7.3 - - 82 y e a r s  
a f  = FSd.justmen.t f a c t c a r  r e q u i r e d  = y / yl - - 1.83 

FSd jus t r f lent  F a c t o r  Used : 2.2 / 
C c ~ r r e s p o n d i n g  t : 0. 103 i rt. 



t ,= Mir~irnurn t h i c k r r e s s  f o r  s t r e n g t h  - - 0. 0 3 4  J i t  

Select t h i c k n e s s  f c t r  a 7 5 - y e a r  first p e r f c t r a t  ictrr o r  1 /2  a v e r a g e  1 i fe, 
Y = y e a r s  for first p e r f a r a t i c t n  = - - 75 

y = Y e a r s  fo r  a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pH of soi 1 errvironrnerrt  - - 8 

R = S c t i l  r e s i s t i v i t y  - - 3670 ohm-cm 

y l  = Years f c ~ r  a v e r a g e  l i f e  f o r  t=. 0 5 2  irr. 
= 2 7 , 5 B * I : l c 1 g t R ~ - l c ~ g ( 2 1 6 C ~ - 2 4 ' 3 0 + l o g ( p H ) ) )  for pH (= 7.3 

dl = 2 .94  * Re".41, pH)7 .3  - - 85 y e a r s  

af  = R d j u s t m e n t  f a c t o r  r e q u i r e d  = y / y l  - - 1.76 

Rd j u s t  rnerrt F a c t  ctr Used : 
Cctrresporrd i rrg t : I 

0. 10'3 



1 9 t h  Street 
C c t r r u g a t e d  Metal P i p e  7/8/91 

I S t r u c t u r a l  D e s i g n  EJF/KM ........................................................................ _--------.-----_--------------------------------------------------------- 

R e :  Handbclok o f  St eel D r a i n a g e  arid H i g h w a y  C o r r s t r u c t  i o n  F 1 r o d u c t  s, 

u R r n e r i c a r t  a n d  Steel I r15t i t  u t e ,  1983, C h a p t e r  3, P a g e s  99-124.  _-_-_----_--------_----------------------------------------------------- _-_-_------------------------------------------------------------------- 
S i t e c o n d  i t i o n s ,  

FIIFrE RECORD NUMBER: 2 

u LOCCITION: STfl 5 3 + 7 1 . 5  - STR 5441 1.5 
d = P i p e  d i a r n e t e r  - - SO irc 
h = H e i g h t  of c o v e r  - - O. 5 f t  
w = W e i g h t  of sail - - 140 p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (RQSHTCl s p e c i f i e d )  = 95 % 
pH = pH of soi 1 e n v i r c ~ n r f l e n t  -. - 8. 0 

R = Soi l  r e s i s t i v i t y  - - 31570 ohm-crn 

8 ........................................................................ Ct=tmput e d e a d  1 clad, 
DL = Dead  l o a d  = h  * w - - 70 p s f  

I C o m p u t e  l i v e  l c t a d ,  
L i v e  l o a d  on e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL)  frorn 

C o r i c r e t e  P i p e  Har rdbaok ,  a c p a ,  1388, pg  4-38  - 4-33: 

1 
C r i t i c a l  HS-PC) l c l a d i r r g  c o n f  i g u r a t  i s m :  

Ft = F1oi r l t  L o a d  - - 16000 L b s  
I F  = I r n p a c t  F a c t o r  - - 1.3 

L  = L e r r g t h  of Fr la r re  - - 1.70 f t  

B W = W i d t h  of P l a n e  - - 2 . 5 4  f t  

F1avg = R v e r a g e  F r r - e s s u r e  Flct i r rg  c~rr Ftl arre 
= p * I F / W / L  - - 4793 p s f  

LL = L i v e  lcrarl - m - 47'33 p s f  

Cctrrtpute t h e  d e s i  g r ~  l o a d ,  
p v  = D e s i g r r  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  

S t r u c t u r e  d e s i g n ,  

I 5 = S p a n  = d / 1 2  - - 2.5 f t  

c = R i n g  c a m p r e s s i o n  = p v  * s / 2  - - € 0 7 3  p p f  
I.< = L a a d  f a c t o r  - - 0. 65 

1 r - R a d i u s  of g y r a t i c t n  f r - o m  T a b l e  1-4, p a g e  4 2  i rr 
f c  = R l l o w a b l e  w a l l  stress frcrrn F i g u r e  5-6, p a g e  105 p s i  

a = Wall sect iorr area = c/fc ine"2/ft 

I 
t = T h i c k r r e s s  frclrn T a b l e  3-2, p a g e  107 i n  
I = Mctrnerrt of iner t ia  frorn T a b l e  3-2, p a g e  107 i ri."4/ft 
E = M o d u l u s  of e l a s i c i t y  3 E + 0 7  1 b/ i n"'E 

0433 f c t r  f a c t c l r y  rnade p i p e .  f f  = F l e x i b i l i t y  f a c to r  = d."2/E/I*12 ( 

I ( . C ) 2 0 0  fo r  f i e l d  a s s e r n b l e d  p i p e .  

C o r r u g a t  i o n  r d / r  f c  a 
I i n )  ( i n )  ( p s i )  ( i r r . " 2 / f t >  

t 
( i n )  



7 

I! t 

mi 
t = Mini  rflurn t h i c k n e s s  for s t r e n g  t h  - - 0 .  0 3 4  J i r~ 

I Select t h i c k n e s s  f c t r  a  7 5 - y e a r  first p e r f s r a t  iorr or 1 / E  a v e r a g e  1 i f e ,  
Y = Years f o r  first p e r f c ~ r a t  iort  = - - 75 

y = Years fctr  a v e r a g e  l i f e  = 2 * Y - - 1 SC) 

pH = pH c ~ f  sc l i  1 e n v i  r o n m e r ~ t  - - 8 

U R = S o i l  r e s i s t i v i t y  - - 3670 ohm-crn 

yl = Y e a r s  for a v e r a g e  l i f e  fc l r  t=. 052 i n .  
= Z7.58*(lclg(R)-log(2160-Z43C)*log(pH)>) f o r  p H  (= 7.3 
= 2.94 * R.".41, pH)7 .3  - 

11 - €35 y e a r s  

af = f4d jus tmen t  f a c t o r  r e q u i r e d  = y / y l  - - 1.76 

Rd j u s t  ment F a c t  ar Used : 
C c t r r e s p o r ~ d  i rig t : 0 .  103 , 

1: 
mi 

mI 
li 
a 
11 
I' 
1' 

I' 
11 
11 

I 
Vf 2 



13th  Street 
C c t r r u q a t e d  Metal P i p e  7/8/91 
S t r u c t u r a l  D e s i  gri EJF/KM __-__---_--------------------------------------------------------------- ........................................................................ 
R e :  Handbook  of Steel D r a i  r i age  arid Highway Cc t r r s t ruc t  iart P r o d u c t s ,  

f l rner icar t  arrd Steel Irtst it  u t e ,  1983, C h a p t e r  3, P a g e s  99-124. a ........................................................................ ........................................................................ 
S i t e  cctrid i t i ~ ~ i s ,  

P I P E  RECORD NUMBER: 3 

111 LOCfiTION: STR 5 0 + 1 1 . 5  - STfi 5 0 + 5 1 . 5  
d = P i p e  d i a r f l e t e r  - - 30 irr 
h = H e i g h t  of c c t v e r  - - 0. 5 f t  

!I 
w = W e i g h t  of 5cti  1 - - 1 4 0  p c f  

b s d  = B a c k f  i 11 sc t i  1 d e n s i t y  (RRSHTO s p e c i f i e d )  = 95 Z 
pH = pH of s o i l  e r rv i ronmer r t  - - 8.9 

R = S c t i l  r e s i s t i v i t y  - - - 32200 ohm-crn ........................................................................ 
C o m p u t e  d e a d  l o a d ,  

DL = Dead l u a d  = h * w - - 70 p s f  

II Cctrnpute 1 i v e  l a a d ,  
L i v e  lc tad car1 e f f e c t i v e  p l a r i e  a t  t o p  of p i p e  (LL) frclrn 

C o r r c r e t e  P i p e  Hartdboctk, a c p a ,  1'388, pg 4-38 - 4-33: 

I1 
C r i t i c a l  HS-2O l o a d i n g  cortf i g u r a t  iorr: 

Ft = Fact i rit Lctad - - 16000 L b s  
I F  = I rnpac t  F a c t o r  - - 1.3 
L = L e n g t h  of P l a n e  - - 1.70 f t  

mi W = W i d t h  of P l a n e  - - 2 . 5 4  f t  
Fcavg = fiver-age P r e s s u r e  Q c t  irrg o n  P l  arre 

= F ' * I F / W / L  - - 4 7 3 3  p s f  
LL = L i v e  l o a d  - - 4793 p s f  1 Cctrnpute t h e  d e s i g n  l a a d ,  
p v  = D e s i g n  p r e s s u r e  = DL + LL - - 4863 p s f  

S t r u c t  c l r e  d e s i g r i ,  

I1 s = S p a n  = d / l 2  - - 2.5 f t  
c = Ririg c o m p r e s s . i o r i  = pv * r;/2 - - 6079 p p f  
k = Lctad factor  - - 0. 65 

(I r = R a d i u s  of g y r a t i o r ~  frclrr~ T a b l e  1-4, p a g e  4 2  i rr 
f c  = R l l o w a b l e  w a l l  stress frorn F i g u r e  3-6, p a g e  105 p s i  
a = W a l l  s e c t i o n  area = c/fc i r1."2/ f t 
t = T h i c k n e s s  frorn T a b l e  3-2, p a g e  107 1' i ri 
I = M o r n e r t t  of i n e r t i a  f r o r n  T a b l e  3-2, p a g e  1 0 7  irre"4/ft 
E = M o d u l u s  of e l a s i c i t y  3E+07 1 b/ i n'"2 

f f  = F l e x i b i l i t y  f a c t c t r  = do"2/E/ I*12  ( .- f o r  f a c t o r y  rnade p i p e .  
( . 0 2 C I 0  fo r  f i e l d  a s s e r n b l e d  p i p e .  

' ~ a r r u g a t  ictri r d / r  fc a t I f f  (1 ( i f )  ( i n )  ( p s i  ( i nh32 / f t  ( i n )  ( i r t e "4 / f t  1 



t = Mirrirnurn t h i c k n e s s  f o r  s t r e n g t h  

t h i c k n e s s  fo r  a 7 5 - y e a r  first p e r f o r a t  ion  or 1 / 2  a v e r a g e  1 i fe, 
Y = Years for  first p e r f o r a t  iort = - - 75 
y = Years fo r  a v e r a g e  l i f e  = E' * Y - - 1 50 

pH = pH of soil e n v i r o n m e n t  - - 8.9 
R = Soi l  r e s i s t i v i t y  - - 2POO ohm-crn 

y  1  = Y e a r s  fo r  a v e r a g e  1 i fe  for t =. 052 i n .  
= 27. SB* ( l u g  ( R )  - l o g  (2160-E490*1og (pH) ) fo r  pH (= 7.5 
= 2. '34 * R". 41 ,  pH) 7.3 . - - 6'3 y e a r s  (1 af = R d j u s t m e n t  f a c t c a r r e q u i r e d = y  / y l  - - 2. 17 

Rd j usst rnent F a c t  car Used  : 2.2 / 
C o r r e s p o n d  i n g  t : 



k t h  Street  
C o r r u g a t e d  Metal P i p e  7/8/91 
' S t r u c t  ctral D e s i g n  EJF/KM 
------------------------------------------------------------------------. ........................................................................ 
R e :  Harrdboctk of Steel  D r a i n a g e  a n d  H i g h w a y  C o r t s t r ~ i c t  i o n  P r o d u c t  5 ,  

R r n e r i c a r t  ar td  Steel I n s t  i t  u t e ,  1983, C h a p t e r  3, P a g e s  33-124. ........................................................................ ........................................................................ 
S i t e  c c l r r d i t i s n s ,  

P I  FIE RECORD NUMBER : 4 
LOCOTI ON : STR 4 7 + 0 1 . 5  - STR 47+41 .  C  I! d = F 1 i p e d i a r n e t e r  - - 30 i n  
h  = H e i g h t  of c o v e r  - - O.5  f t  

t w  = W e i g h t  of sail - - 1 4 0  p c f  
b s d  = B a c k f i l l  a c l i l  d e n s i t y  (aRSHT0 s p e c i f i e d )  = '35 % 

pH = pH of 5ai 1 er tv i rc l r r rne r~ t  - - 8.9 
R = Soi l  r e s i s t i v i t y  - - 2200 ohm-crn 

C ........................................................................ Cornpr~ t  e d e a d  1 o d d ,  
DL = Dead  l o a d  = h  * w - - 70 p s f  

C o r n p u t e  l i v e  l o a d ,  # L i v e  l a a d  on e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL)  f r c ~ r n  
C c t r ~ c r e t e  P i p e  H a n d b o u k ,  a c p a ,  1988, p g  4 - 3 8  - 4-33:  

I! 
C r i t i c a l  H S - 2 0  l o a d i r ~ g  cortf i g u r a t  ion: 

F1 = P o i n t  L o a d  - - lCt'b00 L b s  
I F  = I r i ~ p a c t  F a c t o r  - - 1.3 
L  = L e n g t h  of F1lar te  - - 1.70 f t  

I! W = W i d t h  of P l a n e  - - 3 . 5 4  f t  
F1avg = Q v e r a g e  F 1 r e s s u r e  act i n g  clrr F1l a n e  

= F 1 * I F / W / L  - - 4 7 3 3  p s f  
LL = L i v e  l a a d  - - 4733 p s f  

; C o m p u t e  t h e  d e s i  grr l o a d ,  B p v  = D e s i g n  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  

li 
S t r u c t u r e  d e s i g n ,  

s = S p a n  = d / l 2  - - 2.5 f t  
c =. R i n g  c o m p r e s s i a r l  = p v  * s/2 - - 607'3 p p f  
Ik = L o a d  f a c t  car - - Q. 65 

@ r = R a d i u s  of g y r a t i c l r r  frctrn T a b l e  1-4, p a g e  4 2  i n  
fc  = F l l  l c l w a b l e  w a l l  stress frorn F i g u r e  3-6, p a g e  105 p s i  

a = Wall sect i o n  area = c/fc i r1."2/f t 

I 
t; = T h i c k r r e s s  frclrn T a b l e  3-2, p a g e  107 i rt 
I = Mclrnerrt of irrert i a  f r o r n  T a b l e  3-2, p a g e  107 i n . " 4 / f t  
E = M o d u l u s  of e l a s i c i t y  S E W 7  lb/ i r1 . '%2 

f f  = F l e x i b i l i t y  f a c t c l r  = d * " Z / E / I * l 2  ( .L!&X? f o r  f a c t c l r y  rnade p i p e .  
( ,0200 f o r  f i e l d  a s s e r n b l e d  p i p e .  

u[~cl;I;Pat i o n  r d / r  fc  a t I f f  
( i n )  ( p s i  1 ( ina*2 / f t )  ( i n )  irtA4/ft ) 



a Select t h  i c k r r e s s  f u r  a 7 5 - y e a r  first p e r f c a r a t  iorr car 1 /Z  a v e r a g e  1 i fe, 
Y = Years fo r  first p e r f u r a t  ion  = = 75 
y = Years f o r  a v e r a g e  l i f e  = 2 * Y - - 1 5 C J  

pH = pH of soi 3 environment - - 8.9 

D R = Sai l  r e s i s t i v i t y  - - ZZCJO ohrn-crn 
y l  = Years fcar a v e r a g e  l i f e  for t=. O f j Z  i n .  

= Z7.50* (109  (R) - 1 ~ 1 ~  (2160-E49C)*lcag (pH) fcar pH (= 7.3 
= 2. 3 4  * R̂ . 4 1 ,  pH) 7.3 - - G9 y e a r s  

a f  = R d j u s t r n e n t  f ac to r  r e q u i r e d  = y / y l  - - 2. 17 
R d j  u s t  r n e n t  Fact or U s e d  : 2.2 / 



I! 
; 9 t h  Street 
C o r r u g a t e d  M e t  a1 P i p e  7/8/91 
S t r u c t u r a l  D e s i g n  EJF/KM ........................................................................ ......................................................................... 
R e :  Hartdbctclk of Steel D r a i r t a g e  and  Highway C o r t s t r u c t  i o n  P r o d u c t  5, 

I1 
Rrner ican  arid S t e e l  Irtst i t  u t e ,  1383, C h a p t e r  3, P a g e s  '3'3-124. ........................................................................ ........................................................................ 

Si t e  c o n d i t i o n s ,  
F1 I FIE RECORD NUMBER : c .J 

81 LOCRTI ON: STR 43+01 .5  - STR 43+41 .5  
d = P i p e  d i a r n e t e r  - - 30 i n  
h  = H e i g h t  of c o v e r  - - 0.5 f t  

II w = Weight  of s c ~ i l  - - 1 4 0  p c f  
b s d  = B a c k f i l l  s o i l  d e n s i t y  (RFISHTC) s p e c i f i e d )  = 95 % 

pH = pH of soi 1 errvirc~rrrnerrt - - 8. 3 
R = S a i l  r e s i s t i v i t y  - - 2200 ohm-crn 

l i  ........................................................................ Cornpcrte d e a d  l o a d ,  
DL = Dead l o a d  = h  * w - - 70 p s f  

I1 Curnpute 1 i v e  l o a d ,  
L i v e  lclad c1r1 e f f e c t i v e  p la r re  a t  tclp of p i p e  (LL) frorn 

C o r t c r e t e  P i p e  Handbook, a c p a ,  1988, pg 4-30 - 4-33: 

I1 
C r i t i c a l  HS-20 l o a d i n g  c o n f i g u r a t i o n :  

F1 = F1clirtt Laad - - lI5000 L b s  
I F  = Irnpact  F a c t o r  - - 1.3 
L  = L e n g t h  caf P l a n e  - - 1 .70  f t  

I' W = Width  o f  P l a n e  - - 2 . 5 4  f t  
F1avg = Q v e r a g e  P r e s s u r e  R c t  i n g  o n  F1lane 

= F 1 * I F / W / L  - - 4 7 3 3  p s f  

l l  
LL = L i v e  l o a d  - - 47'33 p s f  

Cclrnpute t h e  d e s i  grr l o a d ,  
pv = D e s i g n  p r e s s u r e  = DL + LL - - 4 0 6 3  p s f  

S t r u c t u r e  d e s i g n ,  

81 5 = S p a n  = d / l 2  - - 2.5 f t  
c = Ring cclrnpressiclrt = pv * s /2  - - 6079 p p f  
I.< = Laad fac t  car - - 0. 65 

1' r = R a d i u s  o f  g y r a t i o r r  f r o m  T a b l e  1-4, p a g e  4 2  i n  
f c  = R l l o w a b l e  w a l l  stress frorn F i g u r e  3-15, p a g e  1 0 5  p s i  
a = Wall  sect icwr a r e a  = c/fc i n " ' e / f t  

I' t = T h i c k r i e s s  frclrn T a b l e  3-2, p a g e  107 i rt 
I =: Moment o f  i n e r t i a  frclri~ T a b l e  3-2, p a g e  107 i rt" / f t 
E = Ivladulus o f  e l a s i c i t y  3E+07 lb/ ir1."2 

f f  = F l e x i b i l i t y  f ac to r  = d".s L /E / I*12  ( . 0 4 3 3  fclr  f a c t o r y  rnade p i p e .  - 
( .O200 for f i e l d  a s s e r n b l e d  p i p e .  

Corrcrgaf  i0r1 r d / r  fc  a t 
i ( i n )  I'  (irt) 

( p s i )  ( i n a * - 2 / f t  > ( i n )  



I t = Minirnurn t h i c k n e s s  f o r  s t r e n g t h  - - 0. 0 3 4  
J 

i n  

I Select t h i c k r r e s s  f a r  a 7 5 - y e a r  first p e r f o r a t  i o n  o r  l / Z  a v e r a g e  1 ife, 
Y = Years for first p e r f o r a t  i u n  = - - 75 
y  = Y e a r s  f o r  a v e r a g e  l i f e  = 2 * Y - - 150 

pH = pH of s c ~ i  1 errvirctrrment - - 8.9 

I R = S a i l  r e s i s t i v i t y  - - 2200 ohm-em 
y l  = Years fo r  a v e r a g e  l i f e  f o r  t = . C ) 5 2  i n .  

= Z7.58*(1~g(R)-lc~g(Zi60-~490*lc~g(pH))) f o r  pH (= 7.3 
= 2.94 * Re".41, p H ) 7 . 3  - - 69 y e a r s  

a f  = Qd.justmerrt .  f a c t o r  r e q u i r e d  = y  / y l  - - 2. 17 
a d j u s t m e n t  F a c t o r  Used  : 2. 2 / 
C o r r e s p o n d  i rrg t : 



1 1 9 t h  S t r e e t  
C c t r r u g a t e d  Metal P i p e  7/8/91 

, S t r u c t u r a l  Desigrr  BJF/KM 
t----.------------,-_,-------------------------------------------------------- 

l i  
........................................................................ 
R e  : Hand baok o f  S t  eel D r a i n a g e  and  H i  ghway C o r r s t r u c t  iort P r o d u c t  5, 

R r n e r i c a r ~  arid S t e e l  I n s t  i t  u t e ,  1983, C h a p t e r  3, P a g e s  39-124. 

MI ........................................................................ ........................................................................ 
Si te  cclrrd i t i ctns, 

FtI FIE RECORD NUMBER: 6 

I I LOCGT I ON : STR 37c01.5 - 37c41.5 
d = F t i  p e  d i a m e t e r  - - 21 i n  
h  = H e i g h t  of c o v e r  - - 0.5 f t  
w = Weight  o f  s o i l  - - 

UI 
140 p c f  

b s d  = B a c k f i l l  s o i l  d e n s i t y  (RRSHTO s p e c i f i e d )  = 95 '/: 
pH = pH o f  so i  1 errvirctrrrnerrt - - 9.3 

R = Sct i l  r e s i s t i v i t y  ... - 2440 cthrn-cri~ ....................................................................... 
( I ~ o r n p u t e  d e a d  l o r d ,  

DL = Dead l o a d  = h  * w - - 70 p s f  

l i  Compute  1 i v e  l o a d ,  
L i v e  l o a d  c~ri e f f e c t i v e  p la r re  a t  t o p  of p i p e  (LL) frctrn 

Cclrrcrete P i p e  Haridbook, a c p a ,  1388, pg 4-38 - 4-33: 
C r i t i c a l  HS-20 l o a d i n g  c o n f i g u r a t i o n :  

I' Ft = P c t i r ~ t  Load - - 16000 L b s  
I F  = Irnpact  F a c t c t r  - - 1.3 
L  = Lerlgth o f  F t l a n e  - - 1.70 f t  

Ii W = Width  o f  F t l ane  - - 2.54 f t  
F 4 a v ~  = G v e r a g e  P r e s s u r e  Qct i n g  ctri P l a n e  

= p * I F / W / L  - - 47'33 p s f  
LL = L i v e  lctad - 

( 1  
- 4733 p s f  

Cctmp~.tte t h e  d e s i g n  l o a d ,  
pv = D e s i y r ~  p r e s s u r e  = DL + LL - - 4863 p s f  

Structure d e s i  gn, 

11 5 = S p a n  = d / l Z  - - 1.75 f t  
c = Ring c o m p r e s s i o r ~  = pv * s/2 - - 4256 p p f  
kc = Load f a c t c l r  - - 0.65 

I; r- = R a d i u s  o f  gyra t i c t r i  frctrn T a b l e  1-4, p a g e  42 i rr 
f c  = F I l l c ~ w a b l e  w a l l  stress frclrn F i g u r e  3-6, p a g e  105 p 5 i  

a  = Wall  s e c t i o n  a r e a  = c / f c  i r1."2/ f t 
t. = T h i c k n e s s  frctrn T a b l e  3-2, p a g e  107 

1: 
i n  

I  = Mclnlerit o f  irrert i a  from T a b l e  3-2, p a g e  107 i n ^ 4 / f t  
E = Modulus  u f  e l a s i c i t y  3E+07 1 b/  i n.*'2 

f f  = F l e x i b i l i t y  f a c t o r  = d"'" ~/E /1*12  ( . C)433 for  f a c t o r y  rnade p i p e .  
( . 0200 f a r  f i e l d  a s s e r n b l e d  p i p e .  

j C o r r ~ ~ g a t  icwt r d / r  f c a t I  f f  
( I  ( i n )  ( i n )  ( p s i  > ( i n " 2 / f t  1 ( i n )  ( i rr"'4 / f t 

i 1-1 / e x  1 /4 0.080 2G3 25385 0.168 0.034 0. 002 
0. 170 124 25385 0. 168 0. 034 0. 002 C). 038 

2-~ /2 ,<  112 0. 172 122 25385 0.168 0.034 0.01 1 0.016 
3 x 1  0. 344 61 25385 0. 168 CJ. 034 0. 05 1 0. 003 OX- 

I 5 x 1  0.368 57 L35385 0.168 0.064 CJ. 106 0. 002 4 
f,l ){ 2 0.688 31 25389 0 .  168 0. 109 6. 725 0. 000 3 



t = Mirtirnurn t h i c k n e s s  for s t r e n g t h  - - 0. 0 3 4  
J 

i rr 

I Select t h i c k n e s s  fo r  a 7 5 - y e a r  first p e r f o r a t  iarr or 1/2 a v e r a g e  1 ife, 
Y = Years far first p e r f o r a t  i o n  = - - 75 
y = Years fo r  a v e r a g e  l i f e  = 2 * Y - - 150 

p H  = p H  o f  s o i l  e r r v i r o r ~ r n e r ~ t  - - '3.3 

I R = Soi l  r e s i s t i v i t y  - - 2440 shrn-crn 
y l  = Y e a r s  for  a v e r a g e  l i f e  fo r  t=.052 i n .  

= 27.58* ( l a g  ( R )  - l a g  ( Z i E O - ~ 4 9 0 * l u g  (pH) for  pH (= 7.3 

R = 2. '34 *. R.*. 4 1 ,  pH> 7.3 - - 72 y e a r s  
af  = R d j u s t r n e n t  fac tor  r e q u i r e d  = y  / y l  - - 2. os 

Rd j u s t r n e n t  F a c t o r  Used  : 2.2 / 
C). 109v i rt. 



13th  Street I' C o r r u g a t e d  Metal P i p e  
i S t r u c t u r a l  D e s i g n  BJF/KM 
s--------------------------------------------.---------------------------- .------------------------------------------------------------------------- 
' R e :  Harrdbciok of Steel D r a i n a g e  arid Highway C o r r s t r u e t  iorr P r o d u c t s ,  Ii 

Rn~el - i can  a n d  S t e e l  I n s t  i t  u t e ,  1'303, C h a p t e r  3, P a g e s  '3'3-124. 
t------------------------------------------------------------------------ ........................................................................ 
S i t e  corrd i t  i o n s ,  " PIPE RECORD NUMBER: 3 

11 
LOCRTION: STQ 30+51.5  - STR 30+91 .5  
d = P i p e  d i a r n e t r r  - - 13 i n  
h  = H e i g h t  of c o v e r  - - 0.5 f t  
w = Weight  of sail - - 1 4 0  p c f  

11 b s d  = B a c k f i l l  s o i l  d e n s i t y  (QRSHTO s p e c i f i e d )  = '35 I;c 

p H  = pH of s o  i 1 e n v  i ronrnerrt - - 3.3 
R = Sc i i l  r e s i s t i v i t y  - - 2 4 4 0  ohrrt-crn 

........................................................................ 

11 Cornpute d e a d  l o a d ,  
DL = Dead l o a d  = h  + w - - 70 p s f  

Ccirnpute 1 i v e  l o a d ,  

D' L i v e  l o a d  o n  e f f e c t i v e  p l a n e  a t  t o p  of p i p e  (LL) frorn 
Cclrrcrete F i ipe  Harrdbook, a c p a ,  1308,  pg 4-38 - 4-33: 

C r  i t i c a  l HS-20 1 clad i nq cortf i g u r a t  i o n :  

u1 F1 = F 1 o i  rit Load - - 16OO0 L b s  
I F  = Irnpact F a c t c ~ r  - - 1 . 3  
L  = L e n g t h  a f  P l a n e  - - 1 .70  f t  
W = Width  of P l a n e  - - 

l' 
2 . 5 4  f t  

Favg = Q v e r a g e  P r e s s u r e  R c t i n q  o n  P l a n e  
= P * I F / W / L  - - 47'33 p s f  

LL = L i v e  l o a d  - - 4 7 9 3  p s f  

I' Compute t h e  d e s i g n  l o a d ,  
pv = D e s i g n  p r e s s u r e  = DL + LL - - 4 8 6 3  p s f  

S t ) -  u c t  c t r e  d e s i g n ,  
5 = S p a n  = d / l 2  - - 1.25 f t  
c = Rirrg corz~ps-essiurr = pv * 5/2 - - 3040  p p f  
I.:. = Load fac t  cir - - 0.65 
r = R a d i u s  of g y r a t i c l n  frorn T a b l e  1-4, p a g e  4 2  i r~ 

I! f c  = Q l l a w a b l e  w a l l  stress frorn F i g u r e  3-6, p a g e  1 0 5  p s i  
a  = Wall  sect i o n  a r e a  = c / f c  i r1."2/f t  
t = T h i c k r ~ e s s  frcirn T a b l e  3-2, p a g e  107 i n  

I; 
I  = Murnent of ine r - t  i a  frcirn T a b l e  3-2, p a g e  107 i r1."4 / f t 
E = Modulus  of e l a s i c i t y  3E+07 1 b/ i rr-2 

f f  = F l e x i b i l i t y  f a c t c u r  = d"'2/E/I*12 ( :C)433 fo r  f a c t c i r y  rnade p i p e .  
( .C)2OO f o r  f i e l d  a s s e r n b l e d  p i p e .  

j C o r r u g a t  i o n  r d / r  fc  a t 

I (irr) ( i n )  ( p 5 i )  ( i n h 2 / f t )  ( i n )  

- 1  2 1 4  0 . 0 8 0  188 25385 0. 120 0. 0 3 4  
I Z x 1 / 2  

I 
0. 170 88 25305 C). 1 2 0  0. 0 3 4  

12-.=. L / 3 x 1 / 2  C). 172 87 25385 0. 120 0. 0 3 4  
3 x 1  0. 3 4 4  4 4  25385 0. I 2 0  0 .  0 3 4  

1 5 x 1  0.368 4 1  25385 0. 1 2 0  .-, .-, 0 . 0 6 4  
~ ; x 2  0. 659 I..b 25385 0. 1 e o  o. 103 





S G S  INDUSTRIAL 

PROPOSED RETENTION BASIN 


