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FLOOD* CONTROL D I S T R I C T  OF MARlCOPA COUNTY 

Statement of P o l i c y  f o r  t h e  F laod C o n t r o l  D i s t r i c t  of 
Maricopa County t o  Assume Ownership and Operat ion 
and Maintenance R e s p o n s i b i l i t i e s  f o r  F lood  C o n t r o l  
S t r uc tu res  Const ructed b y  Non-Federal E n t i t i e s  

Th is  statemegt of p o l i c y  es tab l i shes  c r i t e r i a  f o r  F lood  C o n t r o l  s t r u c t u r e s  
cons t ruc ted  by  o the rs  i n  o rder  t h a t  t h e  ownership and opa ra t j on  and maintenance 
r e s p o n s i b i l i t i e s  may be t r a n s f e r r e d  t o  t h e  F loqd  Con t ro l  D i s t r j c t  o f  Maricopa 
County. These c r i t e r i a  a re  t o  be cons iderd  genera l  gu i de l i nes  o n l y .  The Board 
o f  D i r e c t o r s  o f  t h e  F lood  C o n t r o l  D i s t r i c t  of Maricopa County may, a t  i t s  
d iscret l ,on,  n)&e except ions t o  these  c r i t e r  l a .  Also, s t r u c t u r e s  ntay be 
r e q u i r e d  t o  insect o t h e r j c r ' i t e r i a  as determfned by t h e  Roard of D i r e c t o r s .  The 
de te rmina t ion .  whether t h e  s t r u c t u r e s  w i  3 1 be acce e&v &he F lood  C o n t r o l  
O i s t r  i c t  $ s h a l l  be made by t h e  Board of 
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1.1 General 

A dam s h a l l  c o n s i s t  of a  s t r u c t u r e  (norma l l y  concre te  o r  ea r t hen  
gmbankmentl, a  p r f n c i p a l  s p i l l w a y  ( c o n t r o l l e d  o r  uncon t ro l l ed ] ,  
an emergency sp i l lway ,  a  r e s e r v o i r  area, and an access road. ,No 
s t r u c t u r e  cons t ruc ted  by  a non-federal  e n t i t y  s h e l l  be accepted 
by  t h e  F lood  C o n t r o l  D i s t r i c t  o f  Mericopa County un less i t  has 
had an acceptab le  l e v e l  of maintenance and fs c u r r e n t l y  l i c e n s e d  
by t h e  Ar i zona  Department o f  Water Resources. 

2 EIinimum S ize  

The s t r u c t u r e  s h a l l  be a t  l e a s t  o f  t h e  s i 7 e  r e q u i r e d  f o r  approva l  
and l i c e n s i n g  by  t h e  D i v i s i o n  o f  Sa fe ty  o f  Dams, Ar izona 
Department of Water Resources. Stock tanks  and o the r  sma l l  
impoundments cannot be accepted f o r  ownership, maintenance end 
operat  i on .  

1 . 3  Compaction 
-- 

Areas over which f i l l s  a re  t o  be p laced  s h a l l  be c l e a r e d  end 
s c a r i f i e d  t o  a  depth o f  s i x  inches t o  p rov j de  a  b ~ n d  between t h e  
e x i s t i n g  ground and t h e  m a t e r i a l  t o  be depos i ted thereon.  Unless 
o therw ise  spec i f i ed ,  t h e  o r i g i n a l  ground area upon which f i l l s  
a re  t o  be cons t ruc ted  s h a l l  be compacted t o  a unjPorm d e n s i t y  of 
no t  l ess  t han  95%. M a t e r i a l  unsu i t ab l e  f o r  f ounda t i on  must be 
complete ly  removed p r i o r  t o  beginn ing f i l l  opc ra t j on .  The loose  
t h i ckness  of each l a y e r  o f  f i l l  m a t e r i a l  be fo re  compacting $ h a l l  
n o t  exceed e i g h t  Inches except es prov ided  i n  t h e  f o l l o w i n g  
paragraph f o r  rocky  m a t e r i a l .  Fach l aye r  s h a l l  be compacted j n  
accordgnce w i t h  t h e  f o l l o w j n g  requirement t o  a  u n i f o r m  d e n s i t y  af 
n o t  Leqs than  95%. 

.@ When f'.\ll m a t e r i a l  con ta i ns  by volume over 1 5 %  rock  l a r g e r  t h a n  
s i x  inches i n  g rea tea t  dimension, t h e  f i l l  below a planP,thrre.c 
f e e t  below f i n i s h e d  grade may be cons t ruc ted  j n  l a y e r s  o f  a loose  



t h i c k n e s s  b e f o r e  compact ion n o t  exceeding t h e  maxlmum s i x  o f  
rock  i n  t h e  m a t e r i a l  h u t  n o t  exceeding t h r e e  f e e t  f n  t h i c k n e s s .  
The j n t e r s t i c e s  around t h e  rock  j n  each l a y e r  s h a l l  be f i l l e d  
w i t h  e a r t h  o r  o t h e r  f i n e  m a t e r j a l  and compacted. At  t h e  t i m e  o f  
compact ion  t h e  m o i s t u r e  c o n t e n t  o f  f i l l  m a t e r i a l  s h e l l  be p l u s  o r  
minus 3% o f  optimum m o i s t u r e .  

Tes ts  

Un less  o t h e r w i s e  p r o v i d e d  i n  t h e  p l a n s  o r  s p e c i a l  p r o v i s i o n s  t h e  
f i l l  s h a l l  be t h o r o u g h l y  compacted t o  n o t  l e s s  t h a n  t h e  s t a t e d  
d e n s i t i e s  when t e s t e d  and determined b y  AASHTO 1-99 Method A and 
T-191 o r  ASTM 0-2922 and 0-3017 w i t h  t h e  p e r c e n t  o f  d e n s i t y  
a d j u s t e d  i n  accordance w i t h  t h e  r o c k  c o r r e c t i o n  p rocedure  f o r  
maximum d e n s i t y  d e t e r m i n a t i o n  s t a n d a r d  d e t a i l  t o  compensate f o r  
t h e  r o c k  c o n t e n t  l a r g e r  t h a n  t h a t  wh ich  w i l l  pass a number 4 
s i e v e .  Fo r  s o i l  cement c o n s t r u c t j o n ,  t h e  optimum m o i s t u r e  
requ i remen ts  and f i e l d  t e s t s  o f  m o i s t u r e  d e n s i t y  s h a l l  be  
de te rm ined  i n  accordance w i t h  AASHTO 7-134, T-191, T-217 o r  ASTM 
0-558, 0-2922, 0-3017 on r e p r e s e n t a t i v e  samples. 

A l l  s t r u c t u r e s  s h a l l  be  analyzed, u s i n g  r e c o g n i l e d  p r i n c i p l e s  o f  
s o i l  mechanics, f o r  s t a b i l i t y ,  seepage end p i p i n g .  

1 . 4  P r i n c i p a l  S p i l l w a y  

( a )  The p r i n c i p a l  s p j l l w a y  s h a l l  be  des igned i n  accordance w i t h  
U.S. ~ r m y  Corps of Fng ineers  o r  S o i l  C o n s e r v a t i o n  S e r v j c e  
c r i t e r i a  and g u i d e l i n e s .  

( b l  T rash  r a c k s  s h a l l  be o f  a  d e s i g n  t o  exc lude  t r a s h  a t  sny 
water  s t a g e  w i t h i n  t h e  r e s e r v o i r .  They may be o f  a  t y p e  t o  
c o m p l e t e l y  enc lose  t h e  e n t r a n c e  i n t o  t h e  spillway, o r  may 
be o f  p i p e  o r  s t r u c t u r a l  s t e e l  t o  f o r m  a  r a c k  open a t  t h e  
t o p .  Racks wh ich  a r e  open a t  t h e  t o p  s h a l l  e x t e n d  above t h e  
maximum expected water  s u r f a c e  e l a v a t l o n .  A l l  r e c k s  s h a l l  
be  des igned b y  a S t r u c t u r a l  Eng ineer  t o  w i t h s t a n d  
h y d r o s t a t i c ,  hydrodynamic, and o t h e r  l o a d s  t h a t  may be 
reasonab ly  expected.  H o r j 7 o n t a l  s p a c i n g  o f  t h e  V e r t i c a l  
members j n  t h e  t r a s h  r e c k s  s h a l l  comply w i t h  t h e  a t t a c h e d  
graph, "Trash Racks-Maximum H o r i z o n t a l  Spacing o f  V e r t i c a l  
Members ve rsus  Diameter o f  P r j n c i p a l  Sp i l lway , "  
( e n c l o s u r e  1 ) .  

( c )  O u t l e t  s t r u c t u r e s ,  c a t c h  bas ins ,  r e t a i n i n g  w a l l s ,  abutments, 
f o o t i n g s ,  foundet ions ,  and s i m i l a r  s t r u c t u r e s  s h a l l  be 
c o n s t r u c t e d  i n  c o n f o r m i t y  w i t h  p l a n s  and s p e c j f i c a t i o n s .  
Concre te  f o r  use i n  work c o n s t r u c t e d  under t h e s e  
s p e c j f i c a t i o n s   hall conform t o  t h e  r e q u i r e m e n t s  o f  s e c t i o n  
"725 and 736, Un i fo rm Standard  S p e c i f i c a t j o n s  f o r  P u b l i c  
Works C o n s t r u c t i o n  (MAG)." 

1 .5  Emergency S p i l l w a y  

( a )  E x p l a n a t o r y  d e f i n i t i o n s ,  as app l  j c a b l e ,  and p rocedures  s h a l , l  
be g e n e r a l l y  i n  accordance w j t h  g u i d e l j n e s  f o r  s p j l l w a y  
d e s i g n  p r e p a r e d  by t h e  U . S .  Army Corps o f  F n g j n e e r s  o r  t h e  
Soil Conserva t j on  S e r v i c e .  



( b )  S p i l l w a y s  s t r u c t u r a l  ha7ard c l a s s j f j c a t j o n ,  s p i l l w a y  
c a p a c i t j e s  and s p i l l w a y  f r e e b o a r d  s h a l l  be i n  accordance 
w l t h  t h e  So l1  Conserva t i on  S e r v i c e  C r i t e r i a  References and 
Procedure f o r  H y d r o l o g i c a l  Des ign o f  Ea r then  Dams, da ted  
December 1, 1972 ( e n c l o s u r e  2). However, where des ign  i s  
i n d i c a t e d  t o  be i n ' a c c o r d a n c e  w i t h  t h e  s i x - h o u r  P.M.P. 
storm, r u n o f f  f o r  t h e  s p e c i f i c  t y p e  watershed s h a l l  be 
determined i n  accordance w i t h  Hydrometeo ro log i ca l  Repor t  
number 49, "Probable Maximum P r e c i p i t a t i o n  Fs t ima tes ,  
Co lorado R i v e r  and Great  B a s i n  Drainages" p repared  b y  t h e  
N a t i o n a l  Weather Serv ice ,  September 1977. 

( c )  A f o u n d a t i o n  and s o i l s  i n v e s t i g a t i o n  w i l l  be r e q u l r e d  t o  
i n d i c a t e  t h e  c h a r a c t e r  and d e n s i t y  o f  t h e  m a t e r i a l  j n  t h e  
s p i l l w a y .  A l s o  a  h y d r a u l i c  a n a l y s i s  w i l l  be r e q u i r e d  t o  
de te rm ine  v e l o c i t i e s  d u r i n g  a s p i l l w a y  d e s i g n  f l o o d ,  and an 
a n a l y s i s  made o f  p o s s i b l e  s c o u r i n g .  Where necessary  t o  keep 
s c o u r i n g  w i t h i n  a c c e p t a b l e  l i m i t s ,  r i p r a p ,  pav ing,  and/or 
s o i l  s t a b i l i z a t i o n  w i l l  be r e q u i r e d  t o  p r o t e c t  and reduce 
v e l o c i t i e s  on  t h e  s p i l l w a y  s e c t i o n .  

1 .6  P lans  and S p e c i f i c a t i o n s  

P lans  and s p e c i f i c a t i o n s  s h a l l  be  s u b m i t t e d  i n  accordance wi th 
A r i z o n a  Department o f  Water Resources R-12-15-1205. 

2 .  I C a p a c i t y  

The Channel s h a l l ,  as a  minimum c o n t a i n  t h e  peak r u n o f f  f r o m  a  
100-year s t o r m  ove r  t h e  watershed o r  t r i b u t a r y  a rea .  Des ign  
f a c t o r s  must b e  r e a l i s t i c ,  and reasonab le  a l lowances must be 
made f o r  f u t u r e  development i n  t h e  area.  Assumptions t h a t  
f u t u r e  developments w i l l  comply w i t h  c u r r e n t  l a n d  use and c o n t r o l  
t o n i n g  r e g u l a t i o n s  a r e  accep tab le .  

Channels wh ich  r e q u i r e  l evees  t o  c o n t a i n  t h e  d e s i g n  r u n o f f  must 
be designed as a minimum i n  accordance w i t h  Federa l  Emergency 
Management Agency (FEMA] Levee P o l i c y  and must be des igned and 
c o n s t r u c t e d  i n ' a c c o r d a n c e  w i t h  U.S.  Army Corps o f  Eng ineers  
c r i t e r i a  c o n t a i n e d  i n  EM 1110-2-1913, da ted  March 31, 1978. Jn 
areas where l o s s  o f  l i f e  o r  e x t e n s i v e  p r o p e r t y  damage c o u l d  
occur  es a  r e s u l t  o f  t h e  c a t a s t r o p h i c  f a i l u r e  o f  a  l e v e e  caused 
b y  ove r topp ing ,  t h e  l e v e e  s h a l l  be des igned t o  p r e c l u d e  
c a t a s t r o p h i c  f a i l u r e  when s u b j e c t e d  t o  Standard  P r o j e c t  F l o o d  
(SPF)  c o n d i t i o n s .  

2 .2  Channel Oesign 

(a )  Maxjmum P e r m i s s i b l e  S ide  Slopes (Un.l ined1: 

(1)  Slopes n o t  exposed t o  a c t i o n  o f  channe l  c u r r e n t  o r  
s u b j e c t  - t o  bank seepage. 



a Cohes ion less  m a t e r i a l s .  Slopes w i l l  n o t  be s teeper  - 
t h a n  t h e  n a t u r a l  ang le  o f  repose o f  t h e  m a t e r i a l .  

b  Cohesive m a t e r i a l s .  Slopes w i l l  n o t  be s t e e p e r  t h a n  - 
c r i t i c a l  s l o p e  co r respond ing  t o  h e j g h t  o f  bank.  

( b l  Slopes exposed t o  a c t i o n  o f  channel  c u r r e n t  and t o  seepage 
f r o m  bank: 

I I Maximum S ide  S lope I 

Matar  i a l  
( S lope Exposed t o  A c t i o n  o f :  I 
I ( Channel C u r r e n t  and 1 

I I Channel C u r r e n t  I Seepaqe i n t o  Channel I 
I 1 I 
1 1 Cut f i r m  r o c k  4  I 1/41 1 1 
1 2. Cut f i s s u r e d  r o c k  2 I 1 / 2  I I 
1 3 .  D i s i n t e g r a t e d  r o c k  3 /4 :1  1 J : l  I 
( 4. Cut cemented g r a v e l  I I 
I a. I n s o l u b l e  b i n d e r  3 /4 :1  1 1 : l  I 
1 b .  S o l u b l e  b i n d e r  1 : 1  I I - ] / ? :  1 I 
( 5. Cut, heavy c l a y  1 : 1  ( S p e c i f i c  A n a l y s i s  I 
1 6. F i l l ,  heavy c l a y  2 : l  S p e c j f j c  A n a l y s i s  I 
( 7. W e l l  g raded  m i x t u r e  o f  sand I 1 
I and s i l t  w i t h  good c l a y  I 

t: l 
I 

I b i n d e r ,  c u t  o r  f i l l  1 - I / ? : ]  1 I 
1 8. W e l l  g raded  m i x t u r e  o f  I I 

coarse  sand and s i l t  w i t h  I 
3 :  1 I 

poor  b i n d e r ,  c u t  o r  f i l l  2 :  1 1 I 
1 9. F i n e  sands and s i l t s ,  I I 
I poor  b i n d e r ,  c u t  o r  f i l l  3 : 1  1 3 :  I I 
(10. C lean coa rse  sands, sand- I I 

g r a v e l  m ix tu res ,  o u t  o r  f i l l  I -- I 
I I I 

Slopes w i t h  h e i g h t  j n  excess o f  10 f e e t  o r  h a v i n g  s u r c h a r g e  
l o a d  on berms s h a l l  be ena lyzed f o r  s t a b i l j t y  b y  t h e  
Eng ineer  o f  r e c o r d .  

( c )  Scour 

Mean channe l  v e l o c i t l e s  d u r i n g  a  peak f l o w  s h e l l  be 
determined i f  t h e  mean v e l o c i t y  i s  f i v e  f e e t  p e r  second 
o r  g r e a t e r ,  a n a l y s i s  s h e l l  be made b y  a S o i l s  Fng ineer  t o  
de te rm ine  whether s c o u r i n g  w i l l  o c c u r .  I f  scour  i s  
p robab le ,  t h e  channel  s h e l l  be  l i n e d  o r  methods deve loped 
f o r  r e d u c i n g  t h e  v e l o c i t i e s  t o  w i t h i n  a c c e p t a b l e  l i m i t s .  
Drop s t r u c t u r e s  may be used t o  reduce channel '  v e l o c i t i e s .  



( d l  Sediment 

I f  mean channel  v e l o c i t i e s  a r e  low ( l e s s  t h a n  2 f e e t  p e r  
second), t h e  t r i b u t a r y  a rea  s h a l l  be s t u d j e d  t o  de te rm ine  
whether excess i ve  s e d i m e n t a t i o n  js l i k e l y  t o  occur  i n  t h e  
chenne l .  Sed imen ta t i on  wh ich  w i l l  reduce t h e  c r o s s  
s e c t i o n a l  a rea o f  t h e  channel  a t  any p o i n t  b y  2% a n n u a l l y  
i s  c o n s i d e r e d  excess ive .  C o r r e c t i v e  a c t i o n ,  i n  e f f e c t  o r  
planned, t o  e l i m i n a t e  excess i ve  s e d i m e n t a t i o n  s h a l l  be 
d i s c u s s e d  t o g e t h e r  w i t h  implementa t< ion where r e q u i r e d .  

[ e l  Access Roads 

A n  access road  o f  12  f o o t  minimum w i d t h  f o r  malntenance 
w i l l  be  p r o v i d e d  a long one bank o f  t h e  channel  where t h e  
t o p  w i d t h  o f  t h e  channel does n o t  exceed 20 f e e t ,  and 
a l o n g  b o t h  banks where t h e  t o p  w i d t h  exceeds 20 f e e t .  

I f3  R e s i d u a l  Freeboard  

Freeboard,  above t h e  c a l c u l a t e d  maximum water  su r face ,  
s h a l l  b e  p r o v i d e d  j n  accord  w i t h  t h e  f o l l o w i n g  c r i t e r j a :  

S u b c r i t i c a l  S u p e r c r i t i c a l  
V e l o c i t y  V e l o c i t y  

! c t e n g u l a r  Sect  i o n  0 .  fHe n. 20d 

, a p e z o i d a l  S e c t i o n  0 . 2 H  
e 0,?5d 

where = spec j f  i c  energy head i : (dr${[(bu +( 
7 

C a l c u l a t e d  dep th  o f  f l o w  
-f 3 -'&PC". 

Minimum Freeboard  s h a l l  be  3 . 0  f e e t .  
Minimum c l e a r a n c e  between c a l c u l a t e d  maximum wa te r  
s u r f a c e  snd t h e  unders ide  o f  b r i d g e  deck end c u l v e r t  
t o p  s l a b s  s h a l l  be 1 .0  f e e t .  

E x c a v a t i o n  i n  open c u t  f o r  l i n e d  channe ls  may be made 90 

as t o  p l a c e  c o n c r e t e  d i r e c t l y  a g a i n s t  t h e  excavated 
s u r f a c e s  p r o v i d i n g  t h e  faces o f  t h e  e x c e v a t i o n  a r e  f i r m  
and u n y l e l d j n g .  

E x c a v a t i o n  t o  p r o v i d e  a subgrade f o r  l i n e d  channels,  o r  
subdra inage m a t e r i a l ,  s h a l l  be t o  t h e  l i n e s  i n d i c e t a d  on  
t h e  p lans;  and e x c a v a t i o n  made be low 3ubgrade s h a l l  be  
b a c k f i l l e d  and compacted t o  a  u n j f o r m  d e n s j t y  as pe.r 
pa rag raph  I. 3 above. 



( h )  F i l l  and Rack F i l l  

Unless otherwise e p s c i f j e d  j n  t h e  s p e c j a l  provisions, 
m a t e r i a l  ob ta ined  from t h e  p r o j e c t  excavet ion may be 
presumed t o  be s u i t a b l e  f o r  use as f l l l  o r  b a c k f j l l  
p rov i ded  t h a t  e l l  o r  i c  ma te r i a l ,  rubbish,  debr is ,  
and o ther  o b j e c t i o n  be m a t e r i a l  is f i r s t  removed; 
un less  o therw ise  ~ p e c  p f l e d  i n  the s p e c j a l  p rov i a l ons  

X 
t h e  dens i t y  of any f i l l  b a c k f i l l s  s h a l l  be as per  
paragraph 1 . 3  above. 

3 .  LEVEES 
I ' I  I 

3 . 1  Compact i o n  

Unless otherwif te s p e c i f i e d  a l l  compaction and t e s t a  t o  be as per  
paragraph 1 . 3  above and EM 1110-2-1913. 

3 . 2  Cross Sec t ion  

Side Slopes s h a l l  no t  be s teeper  t h a n  one v e r t j c a l  on 2-1 /2  
h o r i z o n t a l  lands ide and one v e r t i c a l  on 3 h o r i z o n t a l  s t reemside.  
The t o p  w i d t h  s h a l l  be a t  l e a s t  12  f e e t .  The t op  elevation s h a l l  
p rov i de  a f reeboard o f  no t  l e s s  t h a n  3 f e e t  above t h e  peak water 
su r fece  determined f o r  a 100-year f l o o d .  Where t h e  he igh t  o f  t h e  
levee exceeds 5 f ee t ,  s p e c i a l  ana l ys i s  may be requ i r ed  t o  
determine p o t e n t i a l  damage due t o  f a i l u r e ,  p o s s j b j l i t y  o f  p i p i ng ,  
and o ther  r i s k s  encountered i n  h i g h  levees. 

3 . 3  Scour 

Mean v e l o c i t i e s  w i l l  be determined usfng r e a l i s t i c  f a c t o r s  i n  
t h e  a d j o i n i n g  stream. I f  t h e  mean v e l o c i t y  i s  5 f e e t  per second 
o r  g rea te r ,  an ana l ys i s  w i l l  be made by  a competent S o i l s  
Engineer t o  determine whether scour o f  t h e  levee w i l l  occur.  
Armor p r o t e c t i o n  o f  t h e  levee w i l l  be r e q u j r e d  where v e l o c j t j e s  
s r e  excessive, and where changes i n  d i r e c t i o n  o f  t h e  s t ream may 
cause scour ing  impingement aga ins t  t h e  levee.  

3.4 Access Roads 

An access road o f  1 2  f o o t  minimum w i d t h  w i l l  be p rov lded  a long 
t h e  t o p  o f  levee f o r  maintenance, 

4 .  FENCING 

Fencing o f  structures may be r e q u i r e d  when f t  is deemed necessary 
by  t h e  F lood  Cont ro l  D i s t r i c t  t o  p r o t e c t  t h e  p u b l i c  f rom hazard 
o r  t o  p r o t e c t  t h e  s t r u c t u r e s  f rom vandal jsm o r  damage. 
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Accelerat ion chutes, whether leading i n t o  box cu lver ts ,  pipes. o r  h igh  
v e l o c i t y  open channels, are o f ten  used t o  permi t  reduced downstream 
cross sect ions and r e s u l t i n g  reduced costs.  

Accelerat ion chutes are  p o t e n t i a l l y  hazardous i f  inadequately planned 
and designed (2,  3, 4). High v e l o c i t y  f l ow  can wash out  cliannels and 
s t ruc tures  downstream i n  shor t  order,  r e s u l t i n g  i n  proper ty  damage 
and uncont ro l led  f low. 

5.1 I iydraul ics 

Discliarge genera l l y  passes through the c r i t i c a l  stage i n  the entrance 
sec t ion  o f  the chute and enters the chute as s u p e r c r i t i c a l  f low.  

t4ormally, the f l ow  must remain a t  s u p e r c r i t i c a l  through the length o f  
the chute and i n t o  the channel o r  condui t  downstream, Care must be 
exercised i n  the design t o  insure against  an unwanted hyd rau l i c  jump 
i n  the downstream channel o r  condui t ,  The reader i s  r e f e r r e d  t o  
Sect ion 2.1 f o r  d e t a i l s  as t o  hyd rau l i c  ana lys is  procedures, The 
analys is  must inc lude computation o f  the energy grad ien t  through the 
cliute and i n  the downstream channel o r  conduit .  
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6. BENDS 
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Structures are general l y  unnecessary i n  subcr l t i c a l  f lw channels 
unless the bend i s  o f  small radius. Structures f o r  superc r i t i ca l  flow 
are cmplex and require carefu l  hydraul l c  design t o  cont ro l  the f lw. 

6,1  Supercri t i c a l  Flow 

Bends are normally not used I n  superc r i t l ca l  f low channels because o f  
the costs involved and the hazards introduced. I t  i s  possible t o  
u t i  l ize banking, easement curves, and diagonal s i l l s  (71. Sometimes 
outside bank ro l l ove r  structures might even be considered. A l l  o f  
these, however, are general ly out  o f  place I n  urban drainage works. 

When a bend i s  necessary, and i t  i s  not p rac t i ca l  t o  f i r s t  take 
the flm i n t o  subc r i t i ca l  flw, the designer w i l l  general ly conclude 
that  the channel should be placed I n  a closed conduit f o r  the e n t i r e  
reach o f  the bend, and downstream f a r  enough t o  el iminate the main 
~ s c i l l a t i o n s .  A model tes t  I s  usual ly  required on such structures. 
Furthermore, the forces exerted on the s t ruc ture  are large and must 
be analyzed. 

6 , l . l  Hydraulic Forces. The forces involved w i t h  hydraul ic  st ructures 
are large, and t h e i r  analyses are o f ten  complex. The forces created can ' 

cause substant ia l  damage i f  provisions are not made f o r  t h e i r  cont ro l  (8). 

Dn regard t o  bends, forces are usual ly  larger than one would i n t u i -  
t i v e l y  assume, 

Mewton's t h i r d  law o f  motion: "For every force act ing on a body there 
ss a corresponding force exerted by the body; these two forces are 
equal i n  magnitude but opposite I n  direct ion," describes the basic 
fundamentals. 

I n  America the pound i s  the u n i t  o f  force and the s lug i s  the u n i t  
o f  mass. One pound i s  the force act ing on a mass o f  one s lug which 
w i l l  accelerate the body by one foot  per second per second, 

Far t f me (t ) o f  one second, 

where: 

F - force 
M - mass 
v = ve loc i t y  
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7, BAFFLE CHUTES 

r J l 
Baf f le  chutes ere used t o  d lss ipete  the energy i n  the flow a t  a larger , 
drop, They require no t a i  lwater t o  be a f f ec t i ve  (3). 1 :flu 

. - 
v +  A b -  

They are pa r t i cu l a r l y  useful  where the water surface upstream i s  held $ 3  at  a higher e levat ion t o  provide head f o r  f l l l i n g  a side storage pond .* 
during peak flows. 

$ 1  ' < a  
. . 

' JCf 7.1 General 14 

Baffle cliutes are used i n  channels where water i s  t o  be lowered from .'' 
one level  t o  another, The ba f f l e  p ie rs  prevent undue accelerat ion o f  
the flow as i t  passes down the chute. Stnce the f low ve loc i t i es  r ;: 
entering the downstream channel are low, no s t i l l i n g  basin i s  needed.' ' 

The chute, on a 2:l slope o r  f l a t t e r ,  may be designed t o  discharge up P , "  ' D  

t o  60 c f s  per foo t  o f  width, and the drop may be as high as s t r u c t u r a l l y '  
feasible. The lower end o f  the chute i s  constructed t o  below stream- . I*" 

bed level  and back- f i l l ed  as necessary. Degradation o f  the stream I I 

bed does not, therefore, adversely a f f ec t  the performance o f  the .. I 

structure. I n  urban drainage design, the lower end should be pro- 
tected from the scouring action. a * .  

7.2 Design Procedure 
> b  a 

The ba f f l ed  apron should be designed f o r  the f u l l  design discharge. ""' 
The u n i t  design discharge q = Q/CI may be as high as 60 cfs per foo t  '"" 
o f  chute width, W. Less severe f l o w  condit ions a t  the base o f  the ' 1  

chute e x i s t  f o r  35 c f s  and a relatively m i l d  condi t ion occurs f o r  
u n i t  discharges of 20 c f s  and less. Referr ing t o  Figure 7-1, i t  w i l l  ' 

be noted that  the entrance ve loc i ty ,  V1, should be as low as pract ica l .  
Ideal condit ions ex i s t  when 

; ' ,a:? 
Flow condit ions are not acceptable when 

V l -  j f i  (7-2) 

The ve r t i ca l  o f f s e t  between the approach channel f loor,  Figure 7-2, and 
the chute i s  used t o  create a s t i l l i n g  pool or  desirable V1 and w i l l  
vary i n  ind iv idua l  Installations. Place the f i r s t  row o f  b a f f l e  piers  
close t o  the top o f  the chute no more than 12 inches i n  e levat ion 
below the crest .  
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for use. Example for computations only. 
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FIGURE 65-1. DYNAMIC FORCES AT BEND 
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6 . 1 . 1 A  Example Computing Hor izonta l  Forces 

As an example o f  computing ho r i zon ta l  forces, assume thc cond i t ions  as 
shown i n  Figure 6-1 where the f l o w  i s  1920 cfs ,  the v e l o c i t y  I s  30 fpSr  
and the bend i s  i n  a box c u l v e r t  w i t h  ins ide  dimensions o f  8 '  x 8 ' .  

The magnitude and d i r e c t i o n  o f  the r e s u l t a n t  f o rce  on the w a l l  Js  
needed. F i s  the t o t a l  f o rce  o f  the w a l l  on the water, and i t  can ba 
broken i n t o  components Fx and Fy. Fx i s  a fo rce  i n  the d i rec t i ,on  
ind ica ted  which dccc lc ra tes  the water from 30 fps t o  zero veloci+ty,, 
Fy i s  a fo rce  i n  the d i r e c t i o n  i nd i ca ted  which accelerates the waR$j 
f rorn zero t o  30 fps. Then 

F = Mass x accelerat ion,  orbtih _ / 

The rnagn i tude o f  F i s  

F = - 162,000 lbs. 

The r e s u l t a n t  f o rce  o f  162,000 Ibs. ac ts  a t  45 degrees w i t h  &he .qr;i!pi,had 
f low d i r e c t i o n .  

The fo rce  due t o  pressure on the bend should a l s o  be calculg.t,e~,,whqo 
condui ts  f l ow  under pressure. The t o t a l  force exer ted on the :beard by 
the water, the t o t a l  o f  momentum and pressure forces, must be counteri 
acted by ex terna l  forces, Al lowable s o i l  bear ing should be determine4 
us ing s o i l  t e s t s  i f  necessary. Forces which cannot be handled by ,the 
pipe bear ing on the s o i l  must be compensated f o r  by a d d i t i o n a l  t h r u s t  
blocks o r  o ther  s t ruc tures .  



Set # 13 of 24 
Center1 ine Stat ion = 30+20 
Elevation or Rod Reading (E/RI E 

Z Dist Elev I Dist Elev f Dist 
<-*-- --- 

Elev 
it 5-7-.ti" ll.@ 57.1 e 22.0 56.2 

573  1 35.8 2; .317 -. 57.2 43.5 56.3 
3I 72.0 54.7 I 91.0 57.7 I 1Q0.0 57.2 
4I 166.0 58.3 - I  I 
51( t : 
6 i r I 

D i s t  E lev 
29 *7 - -------5fj-.f., 

50 .Q 54.4 
119.0 58.2 
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Set # 12 of 24 

Centerline Station = 30+40 
Eleuation or Rod Reading ?E/RI E 

i Dist Eleu f Dist Eleu i Dist Eleu i Dist E leu 

I 3i 78.0 54.8 i 100.0 57.8 I 150.0 58.1 I 166.0 58.1 
4 11 I IC I 
5 i 1 I 1 
6 I i I 

I 

I I 
I 
I 

Esc-Nenu F5-Pr ior F&Rod/E leu F7-Next Fa-% lect 
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Set It 11 of 24 
Center 1 ine Stat ion = 30+60 
Eleuation or Rod Reading (E/R) E 

i Dist Eleu t Dist Eleu 1 Bist Eleu Z Dist E lev 
It 58.0 1 12.6 57.6 1 22.5 56.6 t 30.0 57.1 
21' 33.3 58.3 i 35.3 57.9 i 48.0 57.7 1 58.5 54.5 
3C 86.0 54.7 1 102.0 58.0 110.5 57.6 131.5 58.0 

i 4 i  166.0 58.5 i i i 

kc-Henu F5-Pr ior F6-Rud/E leu F7-Next FS-Se lect 
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See # 10 af 24 
, Centerline Station = 30+80 

Eleuatian or Rod Reading IE/RI E 

5 Dist Eleu i Dist Eleu i Dist Eleu t Dist E leu 
1 1 58.3 i 13.0 57.8 5 23.3 56.8 1 30.7 57.4 
21 34.0 58.6 36.6 58.2 1 50.0 57.8 i 63.0 54.5 
3; 91.0 54.7 t 108.0 59.0 5 116.0 58.2 5 136.0 58.5 
45 166.0 58.7 5 5 i 
srl ii : t 
6 i 5 t t 

4 

, 

kc-menu F5-Pr ior F6-Rod/E leu F7-Next F8-Se lect 



Set # 9 of 24 
Centerline Station = 40+QO 
Elevation or Rod Reading (E/RI E 

t Dist Elev t Dist Elev 5 Dist Eleu 1' Dist E lev 
1 t 56.5 t 13.2 58.1 t 23.6 57.0 t 31.4 57.4 
21 34.5 58.7 C 37.0 58.2 C 53.0 57.9 t 67.0 54.5 
31 96.0 54.5 1lZ.O 59.2 1 119.5 59.3 t 122.7 58.4 

Esc-Nenu F5-Pr ior F6-RodjE lev F?-Next F8-Se lect NUH 



Set # 8 of 24 
Centerline Station = 40+20 
Elevation or Rod Reading W R I  E 

i Dist Elev i Dist Eleu 3 Dist Elev Dist Elev 
1 3 58.7 t 12.9 58.3 t 24.0 57.1 3 32.0 57.8 
21 35.0 59.0 i 38.0 58.4 i 60.0 58.2 72.0 54.4 
33 100.0 54.3 t 119.0 59.5 C 126.0 59.5 3 130.0 58.6 

bc-Menu F5-Pr ior F6-Rod/E leu F7-Next F8-Se lect NUR 
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Set # 7 of 24 

Centerline Station = 40+40 
Eleuation or Rod Reading W R I  E 

i Dist Elev Z Dist Eleu t Dist Eleu Dist Eleu 
1: 59.0 Z 13.7 58.5 24.6 57.4 5 32.2 57.9 
21 36.0 59.1 C 38.0 58.8 64.0 58.5 0 76.0 54.3 
3: 108.0 54.4 : 123.0 59.6 5 133.0 59.9 i 136,O 58.8 
4 I  156.0 58.8 1 166.0 58.9 1 5 
5 11 I I i i 
6 i I ! t 

kc-Heterm FS-Pr ior Fb-Rd/E leu F7-Next Fa-Se lect NUH 
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Sec # 5 of 24 
Centerline Station = 40+80 
Eleuat ion or Rod Reading (E/R) E 

t Dist 
1 C 
21 35.5 
31 113.0 
41 166.0 

Elev 1 Dist 
59.4 1 13.3 
59.4 1 33.8 
54.1 t 138.0 
59.7 : 

P 
: 

F5-Pr ior F6-RodA leu 

Elev t Dist Eleu I Dist 
59.1 1 24.0 57.8 1 31.0 
59.1 C b8.5 59.1 C 32.0 
60.3 t 144.5 60.0 1 148.0 

i i 
C : 
I 
I : 

F7-Next F8-Se lect NUN 
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Set # 4 of 24 
Center1 ine Station = 50+0O 
Elevation or Rod Reading IE/RI E 

1 Dist Eleu I Dist Eleu 1 Dist Eleu f Dist Eleu 
1 i 59.7 14.0 59.3 1 26.0 58.1 1 32.0 58,7 
21 35.0 59.9 f 38.0 59.4 1 65.0 59.1 i 83.5 53.4 
31' 116.7 53.5 1 141.0 60.1 3 150.0 60.5 I 166.0 62.8 

I 411 I 1 3 
5 ; ; 3 r 
6 1 1 3 I I 

Esc-Menu FS-Pr ior F6-Rod/E leu F7-Next F8-Se lect NUH 
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Sec # 3 of 24 
Centerline Station = 50+20 
Elevation or Rod Reading IE/RI E 

I Dist Eleu I Dist Eleu I Dist Elev I Dist Elev 
1 i 59.8 1 13.9 59.5 26.3 58.6 I 33.3 59.2 
Z t  36.4 59.8 I 40.0 59.0 I 69.0 59.1 1 84.0 53.4 
35 100.0 53.3 1 121.0 53.3 C 139.0 58.4 150.0 57.7 
42 1b6.0 57.6 1 I 1 I 

511 I i I I i 
6 1 I I I I i 
Esc-knu FS-Pr ior Fb-Rod/E leu F7-Next F8-Se lect NU fl 
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Set # 2 of 24 
Centerline Station = 50+40 
Elevation or Rod Reading (E/RI E 

I Dist Elev t Dist Elev Dist Elev Dist Eleu 
1 I 60.0 Z 14.5 59.7 Z 32.5 58.8 t 33.0 59.6 

' 21 37.0 60.5 1 42.0 57.9 t 78.0 56.4 t 86.8 53.4 
31 100.0 53.4 C 122.0 53.3 t 144.0 68.1 i 160.0 60 .O 
41 186.0 60.8 1 5 i 
5 11 e : i 
6 t I i 5 

kc-lerm F5-Pr ior F6-Rod/E leu F7-Nex t F8-Se lect NUH 
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Sec # 1 of 24 
Center1 ine Stat  ion = 50+60 
Elevation or Rod Reading (E/RI E 

I Dist Elev I Dist Elev I Dist Elev I Dist Elev 
I 
I 1 t 60.1 t 15.0 59.7 5 33.0 58.8 I 33.7 60 .0 
I . 21 36.7 60.6 5 39.8 60.8 I 40.6 62.5 t 40.7 50.7 

1 
I 

31 50.0 50.7 1 92.7 50.8 I 100.2 53.4 I 124.0 53.2 
E 42 148.0 6 . 1  I 159.0 60.9 1 166.0 61.0 I 
I 

I 5 1 1  D e I 
1 61 il 

I i I 

kc-Menu FS-Pr iar F6-Rod/E leu F7-Next FIB-Se lect NUH 



Sec # 22 of 24 
Center1 ine Station = 11+40 
Elevation or Rod Reading iE/Rl E 

i Dist Elev t Dist Elev t Dist Elev 1 Dist Elev 
1 I 56.7 t 3 .3  56.5 i 15.6 54.5 25.6 54 .6 

727.5 2;  - 56,1_ i 30.0 55.4 i 50.0 57.7 1' 10Q.Q 57 - 4  
31 166.0 57.5 i t i 
411 , 5 t t 
5 1' I 

I 1 t 
6 i f. 3 C 

kc-flew F5-Pr ior F6-Rod/E leu F7-Next F8-Se lect 



Set # 21 of 24 
Center1 ine Stat ion = I1+60 
Elevation or Rod Reading IE/R) E 

I' Dist Eleu I Dist Elev i Dist E lev 
12 56.8 i 3.  I 56.7 19.8 54.5 
ZE 30.0 56.2 I' 32.0 55.4 f 50.0 56.6 
30 166.0 57.5 1 E 

Dist 
27.4 

Elev 
54.8 
57.2 

Esc-Menu F5-Pr ior F6-Rod/E leu F7-Next F8-Se lect 



Sec # 20 of 24 
Center1 ine Station = 11+80 
Eleuation or Rod Reading IE/RI E 

E Dist Eleu i Dist Eleu i Dist 
1 : - - 56.9 I 5 .3  56.8 1 21.0 
21 , 32;6-- 5 5 . ~ , ) , i  33.0 55.2 50.0 

Eleu f Dist 
54.8 i 30.5 
56.1 1 100.0 

Eleu 
55.1 
57.4 

6 :  : 1 : 

Esc-Menu F5-Pr ior F6-Rod/E leu F7-Next F8-Se lect 



Set # 19 of 24 
Centerline Station = Z0+00 
Eleuation or Rod Reading IE/R? E 

'I Dist Eleu I Dist Eleu ; Dist Elev I Dist E leu 
1 f 57.0 1 3.9 56.8 C 21.5 55.0 31.0 55.2 
2: 3 2 . 3  I 35.5 55.4 i 42.0 55.3 50.0 55.9 
31 83.0 58.1 t 100.0 57.3 ; 166.0 57.6 i 
4 1( E i : 
55 5 f 1 
6 :  C i 'I 

kc-Menu F5-Pr ior F6-Rod/E leu F7-Next FIS-Se lect 



Sec # 18 of 24 
Centerline Station = 20+20 
Elevation or Rod Reading IE/RI E 

t Dist Elev 1 Dist Eleu I Dist Eleu Dist 
I l 57.0 '1 4.8 56.8 19.3 55.1 I 31.5 
25 33.0 56.5 5 36.8 55.3 t 46.8 55.1 I 56.3 

Eleu 
55.4 
56.9 
57.8 

kc-Menu F5-Pr ior F6-Rod4 leu F7-Next F8-Se lect 



I 

I 
I k c  # 17 of 24 

Center1 ine Stat ion = 20+40 

I Eleuation or Rod Reading (E/R3 E 
I 
I 5 Dist Elev I Dist Eleu f Dist Eleu 5 Dist Elev 

1 I 57.Q 1 5 .4  56.3 1 Z1.Q 55.3 30.2 55 .? 
Z i  33.3 56.4 1 37.4 54.9 1 53.0 54.8 1 64.0 57. I 
3; 68.8 56.2 i 91.0 57.7 100.0 57.5 1 166.0 58 .O 
4 4  C i 5 
5; I 

I : 5 
6 :  I 

I : : 

kc-Menu F5-Pr ior F6-Rod& leu F7-Next F8-Se lect 

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



Sec # 16 of 24 
Center 1 ine Stat ion = 20+60 
Eleuat ion or Rod Reading (E/RI E 

t Dist Elev t Dist Eleu t Dist Eleu t Dist 
1 i 57.0 t 6 .Z 56.8 t 21.0 55.4 t 30.0 
2 ;  33.3 56.8 1 38.4 54.5 59.0 54.8 ; 71.0 
31 76.0 S . 9  t 98.0 57.7 t 100.0 57.6 t 166.0 
411 I t t 
5 t t ; i 

Eleu 
55.9 
57.3 
57 '9 

Esc-Menu FS-Pr ior F6-RodjE leu F7-Next F8-Se lect 



Set # 15 of 24 
Centerline Station = ZQ+80 
Eleuatioa or Rod Reading IE/RI E 

I Esc-Menu F5-PP ior F6-Rad/E leu F7-Next F3-Se lect 
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Bar #4 
length 14.6666 

Bar #4" 
length 6.0197 

Bar # 4  
length 6.0197 

Bar #4 
length 6.0197 

STA. 48t25 TO STA. 48t55 

Bar 15 
length 14.6666 

Bar #5" 
length 6.7357 , 

Bar #5 
length 21.2754 

Bar #5 
length 4.9506 

\ 

Bar #5 
length 6.7357 

Bar 15 
length 4.9506 

Bar #5 
length 21.2544 

Bar #5 
length 7.6478 

Bar #5 
length 11.1121 

Bar 15 
length 28.0270 

Bar #5 
length 7.6478 

Bar #5 
length 11.1121 

Bar #4" 
length 14.6666 











MAIN-MENU 

F3 CIVIL ENGINEERING 

0 ELECTRICAL ENGINEERING 

ALT-F3 ARCHAEOLOGY 

ALT-F4 LANDSCAPE 

F5 GEOTECHNICAL ENGINEERING & TESTING ALT-F5 ARCHITECTURE 

F6 - MECHANICAL ENGINEERING ALT-F6 FIRE PROTECTION 

F7 STRUCTURAL ENGINEERING 

F8 SURVEYING 

ALT-F1 TRANSPORTATION ENGINEERING 

CTRL-A REPORT-BY CONSULTANT 
SORTED-ALPHABETICALLY 

CTRL-B TO PRINT LABELS 
FOR ALL RECORDS 

ALT-F2 WATER RESOURCES ENGINEERING CTRL-C TO REFERENCE 
DISCIPLINE SCREEN 

CTRTL-D TO REFERENCE 
MASTER LAYOUT 

Pete Cullum 506-4587 Oct. 5,1992 lot00 am Operations Building 
Hike King 4866 Oct. 7,1992 Call before for schedule 
Cynthia Donald 2930 for verification 

Flood Control 
Leanna Cumberland 506-4429 
Helen Ortiz 506-4429 

Janet Tucker 506-8038 
Pam Slusser 506-8038 

Chief Contractor 
Contract Administrator 



Bars: (40) 1 6  @ 1 6 "  
length each = 25.7961 

Bars: (13) 86 
length each = 19.5610 

Bars: (13) #6 @ 6' 
length each = 33.6583 

Bars: (40) #6 @ 1 6 "  
length each = 33.7199 

Bars: (80) #6 @ 8 '  
length each = 11.4153 

Bars: (53) #6 
length each = 19.5625 

Bars: (41) @6 @ 16 '  
length each = 40.0924 

Bar #5 
length 35.5613 

Bar #5 
length = 20.6250 

Bar 1 5  
length 7.7285 

Bar #5 
length 39.9363 

Bar #5 
length 7.7285 

Bar #5 
length 15.8947 

Bar #6 
length 13.8931 

Bar .#5 
length 38.7060 

Bar #6 
length 13.8931 

Bar V5 
length 15.8944 

Bar #5 



length = 8.1686 

Bar #5 
length = 1.9724 

Bar #5 
length = 21.4539 

Bar #5 
length = 13.7045 

Bar #5 
length = 40.3157 

Bar #5 
length 35.1515 

DETAIL CALCULATION OF AREAS BY CROSS PRODUCT 
by EDGAR 0. MORENO 

STA, 48t00 

AREA 

With Vertex 

a t  point ,  X- -66.5171 Y- 141.6510 

With Vertex 

a t  point ,  X= -66.5171 Y= 142.6560 

With Vertex 

a t  point ,  X= -66.5171 Y= 143.1560 

With Vertex 

a t  point ,  X= -67.5171 Y= 143.1560 

With Vertex 

a t  point ,  X= -67.5171 Y= 135.5727 





With Vertex 

a t  point ,  X=-122.5171 Y= 135.5727 

With Vertex 

a t  point ,  X=-123.0171 Y= 135.5727 

With Vertex 

a t  point ,  X=-123.0171 Y= 134.0727 

With Vertex 

a t  point ,  X= -64.0171 Y= 134.0727 

With Vertex 

a t  point ,  X= -64.0171 Y= 134.4424 

With Vertex 

a t  point ,  X= -64.0171 Y= 135.5727 

With Vertex 

a t  point ,  X= -66.5171 Y= 135.5727 

END AREA 

surface i n  sqf = 103.3333 

AREA 

With Vertex 



a t  point ,  X= -55.1090 Y= 124.0768 

With Vertex 

a t  point ,  X= -55.1090 Y= 125.0818 

With Vertex 

a t  point ,  X= -43.6696 Y= 123.9378 

With Vertex 

a t  point ,  X= -44.5833 Y= 123.0242 

END AREA 

surface i n  sqf = 11.0374 

AREA 

With Vertex 

a t  point ,  X= -53.9702 Y= 111.8441 

With Vertex 

a t  point ,  X= -53.9702 Y= 117.9225 

With Vertex 

a t  point ,  X= -43.4445 Y= 116.8699 



With Vertex 

a t  point ,  X- -49.6198 Y- 110.6946 

With Vertex 

a t  point ,  X= -51.4702 Y= 110.7138 

With Vertex 

a t  point ,  X= -51.4702 Y= 111.8441 

END AREA 

surface i n  sqf = 48.5806 

AREA 

With Vertex 

a t  point ,  X= -54.8743 Y= 95.8533 

With Vertex 

a t  point ,  X= -47.7853 Y= 102.9423 

With Vertex 

a t  point ,  X= -39.8372 Y= 102.1475 

With Vertex 

a t  point ,  X- -53.2247 Y= 95.8362 



END AREA 

surface i n  sqf = 36.3089 

AREA 

With Vertex 

a t  point ,  X= -32.0423 Y= 71.8771 

With Vertex 

a t  point ,  X= -31.6918 Y= 72.2275 

With Vertex 

a t  point ,  X= -68.5423 Y= 72.6104 

With Vertex 

a t  point ,  X= -85.0423 Y= 79.9104 

With Vertex 

a t  point ,  X=-101.5434 Y= 79.3781 

With Vertex 

a t  point ,  X= -94.0423 Y= 71.8771 

END AREA 

surface in  sqf = 192.2668 

t e x t  STA. 49t00 

AREA 





With Vertex 

a t  point ,  X- 57.2368 Y= 161.6681 

With Vertex 

a t  point ,  X= 57.2368 Y= 169.2244 

With Vertex 

a t  point ,  X= 58.2368 Y= 169.2244 

With Vertex 

a t  point ,  X= 58.2368 Y= 168.7244 

With Vertex 

a t  point ,  X= 58.2368 Y= 167.7194 

With Vertex 

a t  point ,  X= 58.2368 Y= 161.6681 

With Vertex 

a t  point ,  X= 58.7368 Y= 161.6681 

END AREA 



surface i n  sqf = 68.6960 

AREA 

With Vertex 

a t  point ,  X= -54.2052 Y= 161.1866 

With Vertex 

a t  point ,  X= -54.2052 Y= 162.1916 

With Vertex 

a t  point ,  X= -44.6085 Y= 161.2320 

With Vertex 

a t  point ,  X= -45.5221 Y= 160.3183 

END AREA 

surface i n  sqf = 9.1854 

AREA 

With Vertex 

a t  point ,  X= -54.2459 Y= 141.9254 

With Vertex 

a t  point ,  X= -52.7459 Y= 141.9254 

With Vertex 

a t  point ,  X= -51.1223 Y= 143.5490 



With Vertex 

a t  point ,  X= -46.0629 Y= 148.6084 

With Vertex 

a t  point ,  X= -54.7459 Y= 149.4767 

With Vertex 

a t  point ,  X= -54.7459 Y= 143.4254 

With Vertex 

a t  point ,  X= -54.2459 Y= 143.4254 

END AREA 

surface i n  sqf = 38.7174 

AREA 

With Vertex 

a t  point ,  X= -28.1930 Y= 112.3705 

With Vertex 

a t  point ,  X= -16.8152 Y= 114.8357 

With Vertex 



a t  point ,  X= -50.5964 Y= 118.2138 

With Vertex 

a t  point ,  X= -56.5695 Y= 112.2407 

With Vertex 

a t  point ,  X- -49.1930 Y- 112.1705 

END AREA 

surface i n  sqf = 146.6920 

AREA 

With Vertex 

a t  point ,  X= -17.3755 Y= 85.6812 

With ver tex  

a t  point ,  X= -3.7520 Y= 85.5515 

With Vertex 

a t  point ,  X= -5.3755 Y= 83.9279 

With Vertex 

a t  point ,  X= -49.3755 Y= 83.9279 



With Vertex 

a t  point ,  X= -58.3431 Y= 92.8954 

With Vertex 

a t  point ,  X= -55.3755 Y= 93.2812 

With Vertex 

a t  point ,  X= -40.3755 Y= 93.4812 

END AREA 

surface i n  sqf = 280.4871 

t ex t  STA. 50t00 

AREA 

With Vertex 

a t  point ,  X= -49.0850 Y= 90.6567 

With Vertex 

a t  point ,  X= -43.5082 Y= 96.2335 

With Vertex 

a t  point ,  X= -42.5946 Y= 97.1472 

With Vertex 



a t  point ,  X= -7.4684 Y= 93.6345 

With Vertex 

a t  point ,  X= -27.7158 Y= 90.0993 

END AREA 

surface i n  sqf = 168.8074 

AREA 

With Vertex 

a t  point ,  X= -87.3334 Y= 84.5695 

With Vertex 

a t  point ,  X=-104.6225 Y= 84.1853 

With Vertex 

a t  point ,  X= -96.3334 Y= 75.8961 

With Vertex 

a t  point ,  X= -52.3334 Y= 75.8961 

With Vertex 

a t  point ,  X= -51.2026 Y= 77.0269 



With Vertex 

a t  point ,  X= -64.3334 Y= 77.3695 

END AREA 

surface i n  sqf - 245.4227 

t e x t  STA. 51+00 

AREA 

With Vertex 

a t  point ,  X= -35.9823 

With Vertex 

a t  point ,  X= -23.9048 

With Vertex 

a t  point ,  X= -41.6446 

With Vertex 

a t  point ,  X= -48.0144 

END AREA 



surface i n  sqf = 88.5890 

AREA 

With Vertex 

a t  point ,  X= -55.2437 Y= 78.3162 

With Vertex 

a t  point ,  X= -56.8934 Y= 76.6665 

With Vertex 

a t  point ,  X=-113.7789 Y= 76.6665 

With Vertex 

a t  point ,  X=-124.3851 Y= 87.2727 

With Vertex 

a t  point ,  X=-108.2116 Y= 86.4165 

With Vertex 

a t  point ,  X=-105.8116 Y- 85.8165 

With Vertex 

a t  point ,  X= -91.2116 Y= 78.7165 



With Vertex 

at point, X= -67.2116 Y= 78.2165 

END AREA 

surface in sqf = 273.7960 

THEORY AND CALCS BY EDGAR 0. MORENO. 

SOSSAMAN Rd. 
Sta Dist 

S->N (ft) 

I STR. EXCAVATION 
I Area Volume 
I (SqFt) (Cu.Yds) 
I 
1 8.0 
I 17.1 
1 38.1 
I 59.4 
1 76.2 
I 96.8 
1 24.8 

FILL CONSTRUCTION 
Area Volume 
(SqFt) (Cu.Yds) 





GUADALUPE Rd . 
Sta Dist  

STR. EXCAVATION 
Area Volume 
(SqFt) (Cu.Yds) 

I FILL CONSTRUCTION 
1 Area Volume 
I (SqFt) (Cu.Yds) 
I 
I 0.0 

I 322.8 
1 174.3 

1 1086.9 
1 238.3 

I 2039.1 
1 275.9 

I 2870.8 
1 173.2 

I 3034.4 
1 0.0 

I 3034.4 
I 0.0 

GUADALUPE Rd . 
Sta Dist 

W->E (ft) 

I STR. BACKFILL 
I Area Volume 
I (SqFt) (Cu.Yds) 
I 
I 0.0 

I 180.0 
1 97.2 

I 521.7 
1 87.3 

I 861.2 
1 96.0 

I 1209.7 
1 92.2 

I 1367.4 
1 74.8 

I 1503.1 
1 74.8 

I 1586.2 
1 74.8 



GUADALUPE Rd. I 
Sta Dist I 

CONCRETE CLASS AA 
Area Volume 
(SqFt) (Cu.Yds) 

STR. 
W/Ft 
(Lbs 

STEEL I 
Weight I 
(Lbs I 

I 
I 

9024.0 1 
I 

12924.0 1 
I 

41884.0 1 
I 

50800.0 1 
I 

86160.0 1 
I 

95591.2 I 
I 

103043.2 1 
I 

107145.2 1 
I 

155025.2 1 
I 

166085.2 1 
I 

SOSSAMAN Rd. I CONCRETE CLASS AA I STR. STEEL I 
Dist I Area Volume I W/Ft Weight I 
(ft) I (SqPt) (Cu.Yds) I (Lbs) (Lbs) I 

I I 1 836.0 
I 

5+63 1 140.0 I 
45 1 234.0 1 37620.0 1 

5t78 1 140./105. 1 836./627. 
307.0 1 

I 
19 1 49533.0 1 

5t94 1 105./90.0 1 627.1400. 
370.5 1 

I 
19 1 57133.0 1 

6+12 1 90.0/47.0 1 400./100 
423.0 1 

I 
30 1 60133.0 1 

6t37 1 47.0 I I 

SOSSAMAN Rd. I CONCRETE CLASS B I STR. 
Sta Dist I V/Ft Volume I W/Ft 

N->S (ft) I(Cu.Yds) (Cu.Yds) I (Lbs) 

6+12 
I 
1 2.15 

I 
1 133.1 

90 1 194.0 1 
7t02 I I 

STEEL I 
Weight I 
(Lbs I 

I 
I 

11980.0 1 
I 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
NODE COORDINATES 
1 1.0000 8.8333 
2 1.0000 .6250 
3 1.5000 .6250 
4 2.50 .6140 
5 3.50 .6031 
6 4.50 .5921 
7 5.50 ,5811 
8 6.50 .5702 
9 7.50 .5592 

10 8.50 .5482 
11 9.50 .5373 
12 10.50 .5263 
13 11.50 .5153 
14 12.50 .5044 
15 13.50 .4934 
16 14.50 .4824 
17 15.50 .4714 
18 16.50 .4605 
19 17.50 .4495 
20 18.50 .4385 
21 19.50 .4276 
22 20.50 .4166 
2 3 21.50 .4277 
24 22.50 .4387 
25 23.50 .4496 
26 24.50 .4606 
27 25.50 .4716 
28 26.50 .4825 
29 27.50 .4935 
30 28.50 .5045 
31 29.50 .5154 
32 30.50 .5264 
33 31.50 .5374 
34 32.50 .5483 
35 33.50 .5593 
36 34.50 .5703 
3 7 35.50 ,5812 
38 36.50 .5922 
39 37.50 .6032 
40 38.50 .6141 
41 39.50 .6251 
4 2 40 .6250 
43 40 8.8333 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 

ELEMENT 
1 DEPTH 
2 DEPTH 
3 DEPTH 
4 DEPTH 
5 DEPTH 
6 DEPTH 
7 DEPTH 
8 DEPTH 
9 DEPTH 
10 DEPTH 
11 DEPTH 
12 DEPTH 
13 DEPTH 
14 DEPTH 
15 DEPTH 
16 DEPTH 
17 DEPTH 
18 DEPTH 
19 DEPTH 
20 DEPTH 
21 DEPTH 
22 DEPTH 
23 DEPTH 
24 DEPTH 
25 DEPTH 
26 DEPTH 

e 27 DEPTH 
28 DEPTH 
29 DEPTH 
30 DEPTH 
31 DEPTH 
32 DEPTH 
33 DEPTH 
34 DEPTH 
35 DEPTH 
36 DEPTH 
37 DEPTH 
38 DEPTH 
39 DEPTH 
40 DEPTH 
41 DEPTH 
42 DEPTH 



GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

BY EDGAR 0. MORENO 
RADIANS 
ROTATION 





GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

BY EDGAR 0. MORENO 
RADIANS 
ROTATION 



GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

BY EDGAR 0. 
RADIANS 
ROTATION 



GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

BY EDGAR 0. MORENO 
RADIANS 
ROTATION 



GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

BY EDGAR 0. MORENO 
RADIANS 

ROTATION 



GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

BY EDGAR 0. 
RADIANS 
ROTATION 



GUADALUPE CHANNEL FINAL ANALYSIS 
NODE DISPLACEMENT INCHES 
NODE LOAD X DISPL Y DISPL 

43 1 0.13804 -0.07591 
2 -0.22591 0.02794 
3 -0.59874 0.08302 
4 -0.02976 0.03849 
5 0.50156 -0.10935 
6 -1.16479 0.12799 
7 1.02710 -0.28349 
8 -0.49046 0.04560 

BY EDGAR 0. MORENO 
RADIANS 

ROTATION 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0, MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0, MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE 

BY EDGAR 0. MORENO 

MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE 

BY EDGAR 0. MORENO 

MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
RIP FEET 

&B LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MOENO 
ELEMENT END FORCES 
KIP FEET 

@IS3 LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL 
ELEMENT END FORCES 
KIP FEET 

a B  LOAD JT AXIAL 

ANALYSIS BY EDGAR 0. MORENO 

SHEAR 

-0.91 
1.07 

0.37 
-0.21 
-0.32 
0.32 

-0.95 
0.95 
-0.06 
0.06 
0.80 

-0.80 
-1.63 
1.84 
1.83 
-1.62 
-0.64 
0.81 

0.37 
-0.21 
-0.24 
0.24 

-0.71 
0.71 
-0.06 
0.06 
0.60 
-0.60 
-1.12 
1.33 
1.49 
-1.28 
-0.41 
0.57 

MOMENT 

-2.42 
1.43 

1.32 
-1.03 
-0.83 
0.51 

-2.47 
1.51 
-0.29 
0.22 
2.06 
-1.26 
-3.90 
2.17 
5.20 

-3.47 
-1.43 
0.71 

1.03 
-0.74 
-0.51 
0.27 
-1.51 
0.80 
-0.22 
0.16 
1.26 
-0.67 
-2 17 
0.95 
3.47 
-2.09 
-0.71 
0.22 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

(IblB LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

@B LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

dB LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY 
ELEMENT END FORCES 
KIP FEET 

@B LOAD JT AXIAL SHEAR 

EDGAR 0. MORENO 

MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
HIP FEET 

(IkB LOAD JT AXIAL SHEAR MO'MENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MOREIifO 
ELEMENT END FORCES 
KIP FEET 

aB LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0 .  MORENO 
ELEMENT END FORCES 
KIP FEET 

LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

(IhB LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL 
ELEMENT END FORCES 
KIP FEET 

@ ! M B  LOAD JT AXIAL 

ANALYSIS BY 

SHEAR 

0.81 
-0.64 

-0 15 
0.31 
0.39 
-0.39 
1.17 
-1.17 
0.05 
-0.05 
-0.98 
0.98 
2.36 
-2.14 
-1.84 
2.06 
1.07 
-0.91 

0.01 
0.16 
0.44 
-0.44 
1.30 
-1.30 
0.02 
-0.02 
-1 09 
1.09 
2.80 
-2.58 
-1.82 
2.04 
1.33 
-1.16 

0.30 
-0.13 
0.43 
-0.43 
1.26 
-1.26 
-0.05 
0.05 
-1.06 
1.06 
3.02 

EDGAR 0. 

MOMENT 

-0.71 
1.43 

1.32 
-1.55 
-0.83 
1.22 
-2.47 
3.64 
-0.29 
0.34 
2.06 
-3.04 
-3.91 
6.16 
5.20 
-7.15 
-1 43 
2.42 

1.55 
-1.63 
-1.22 
1.66 
-3.64 
4.94 
-0.34 
0.35 
3.04 
-4.12 
-6.16 
8.85 
7.15 
-9.08 
-2.42 
3.67 

1.63 
-1.41 
-1.66 
2.09 
-4.94 
6.20 
-0.35 
0.30 
4.12 
-5.18 
-8.85 
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GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

&3 LOAD JT AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

AXIAL SHEAR MOMENT 





GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

enB LOAD JT AXIAL SHEAR MOMENT 

8 18 0.04 0.08 0.04 
19 -0.04 0.05 -0.02 

19 1 19 0.03 0.05 0.00 
20 -0.03 0.07 -0.01 

2 19 -0.01 0.01 0.01 
2 0 0.01 -0.01 0.00 

3 19 -0.02 0.02 0.02 
20 0.02 -0.02 0.00 

4 19 0.01 0.00 0.00 
20 -0.01 0.00 0.00 

5 19 0.02 -0.02 -0.02 
20 -0.02 0.02 0.00 

6 19 0.00 0.11 0.05 
20 -0.01 0.05 -0.02 

7 19 0.07 0.04 -0.03 
20 -0.07 0.12 -0.01 

8 19 0.02 0.07 0.02 
20 -0.02 0.05 -0.01 

20 1 20 0.03 0.05 0.01 
2 1 -0.03 0.07 -0.02 

2 20 -0.01 0.00 0.00 
21 

3 20 
0.01 0.00 0.00 

-0.03 0.01 0.00 
2 1 0.03 -0.01 0.01 

4 20 0.00 0.00 0.00 

a 
21 0.00 0.00 0.00 

5 20 0.02 -0.01 0.00 
21 -0.02 0.01 -0.01 

6 20 -0.01 0.09 0.02 
2 1 0.01 0.07 -0.01 

7 20 0.08 0.05 0.01 
21 -0.08 0.10 -0.04 

8 20 0.01 0.06 0.01 
2 1 -0.01 0.06 -0.01 

21 1 21 0.01 0.05 0.02 
2 2 -0.01 0.06 -0.02 

2 21 0.00 0.00 0.00 
2 2 0.00 0.00 0.00 

3 21 -0.01 0.00 -0.01 
2 2 0.01 0.00 0.01 

4 21 0.00 0.00 0.00 
22 0.00 0.00 0.00 

5 21 0.01 0.00 0.01 
22 -0.01 0.00 -0.01 

6 21 0.00 0.08 0.01 * 





1 GUADALUPE CHANNEL FINAL 1 ELEMENT END FORCES 
KIP FEET 

@hB LOAD J T  AXIAL 

ANALYSIS BY EDGAR 0. MORENO 

SHEAR MOMENT 

0.06 0.01 
0.06 -0.01 

0.06 0.02 
0.05 , -0.02 
0.00 0.00 
0.00 0.00 
0.00 -0.01 
0.00 0.01 
0.00 0.00 
0.00 0.00 
0.00 0.01 
0.00 -0.01 
0.07 0.01 
0.08 -0.01 
0.08 0.05 
0.06 -0.04 
0.06 0.01 
0.06 -0.01 

0.07 0.02 
0.05 -0.01 
0.00 0.00 
0.00 0.00 
-0.01 -0.01 
0.01 0.00 
0.00 0.00 
0.00 0.00 
0.01 0.01 

-0.01 0 00 
0.07 0.01 1 

0.09 -0.02 
0.11 0.04 
0.05 -0.01 
0.06 0.01 
0.06 -0.02 i 

0.07 0.01 
0.05 0.00 
-0.01 0.00 
0.01 -0.01 

-0.02 0.00 
0.02 -0.02 
0.00 0.00 
0.00 0.00 
0.02 0.00 

-0.02 0.02 
0.05 0.02 





GUADALUPE CHANNEL FINAL 
ELEMENT END FORCES 
KIP FEET 

/ eMB LOAD JT AXIAL 

ANALYSIS BY EDGAR 0. MORENO 
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GUADALUPE CHANNEL F I N A L  ANALYSIS  BY EDGAR 0. MORENO 
ELEMENT END FORCES 
KIP FEET 

( I d B  LOAD JT AXIAL SHEAR MOMENT 

8 27 0.18 0.03 0.07 
28 -0.18 0.11 -0.11 

28 1 28 -0.14 0.06 -0.04 
29 0.14 0.07 0.03 

2 28 0.14 -0.02 0.05 1 

2 9 -0.14 0.02 -0.06 
3 28 0.40 -0.05 0.14 

29 -0.40 0.05 -0.18 
4 28 0.05 0.00 0.01 

2 9 -0.05 0.00 -0.01 
5 28 -0.34 0.04 -0.11 

29 0.34 -0.04 0.15 
6 28 0.75 -0.02 0.26 

2 9 -0 75 0.19 -0.36 
7 28 -0.75 0.15 -0.24 

29 0.76 0.03 0.30 I. 

8 28 0.32 0.02 0.11 
29 -0.32 0.12 -0.16 

29 1 29 -0.19 0.05 -0.03 
i 

3 0 0.20 0.09 0.01 
2 29 0.22 -0.01 0.06 

3 0 
3 29 

-0.22 0.01 -0.07 
0.64 -0.03 0.18 

3 0 -0.64 0.03 -0.22 
4 29 0.07 0.01 0.01 

3 0 -0.07 -0.01 0.00 
5 29 -0.54 0.03 -0.15 < 

3 0 0.54 -0.03 0.18 
6 29 1.20 -0.01 0.36 

3 0 -1.20 0.19 -0.46 
7 29 -1.16 0.11 -0.30 

3 0 1.16 0.07 0.31 
8 29 0.52 0.02 0.16 

3 0 -0.51 0.12 -0.21 

30 1 30 -0.21 0.02 -0.01 
3 1 0.22 0.12 -0.05 

2 30 0.31 0.00 0.07 
3 1 -0.31 0.00 -0.07 

3 30 0.91 0.00 0.22 
31 -0.91 0.00 -0.22 . 

4 30 0.07 0.01 0.00 
3 1 -0.07 -0.01 0.01 

5 30 -0.76 0.00 -0.18 
31 0.76 0.00 0.18 

6 30 1.74 0.04 0.46 

e 

-- 





- 

GUADALUPE CHANNEL FINAL 
ELEMENT END FORCES 
KIP FEET 

@B LOAD JT AXIAL 

8 30 0.76 
31 -0.76 

31 1 31 -0.17 
3 2 0.18 

2 31 0.40 
3 2 -0.40 

3 31 1.18 
32 -1.18 

4' 31 0.06 
32 -0.06 

5 31 -0.98 
3 2 0.98 

ANALYSIS BY EDGAR 0. MORENO 

SHEAR MOMENT 

0.03 0.21 
0.11 -0.26 

-0.02 0.05 
0.17 -0.14 
0.02 0.07 
-0.02 -0.05 
0.06 0,22 

-0.06 -0.16 
0.02 -0.01 
-0.02 0.03 
-0.05 -0.18 
0.05 0.13 
0.13 0.51 
0.06 -0.48 

-0.11 -0.25 
0.30 0.04 
0.06 0.26 
0.08 -0.27 

-0 07 0.14 
0.22 -0.28 
0.05 0.05 

-0.05 0.00 
0.16 0.16 
-0.16 0.00 
0.03 -0.03 

8 
-0.03 0.06 
-0.13 -0.13 
0.13 0.00 
0.29 0.48 

-0.10 -0.28 
-0.32 -0.04 
0.51 -0.38 
0.12 0.27 
0.03 -0.22 

-0.12 0.28 
0.28 -0.48 
0.10 0.00 

-0.10 0.10 
0.30 0.00 

-0.30 0.31 
0.04 -0.06 

-0.04 0.10 
-0.25 0.00 
0.25 -0.26 
0.54 0.28 
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GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 

a 3  1 7.64 0.84 0.00 
2 -5.97 -0.26 0.00 
3 -18.60 -0.78 0.00 
4 -1.65 -0.46 0.00 
5 15.44 1.15 0.00 
6 -31.40 -1.16 0.00 
7 36.02 3.04 0.00 
8 -12.60 -0.40 0.00 

4 1 -1.25 0.64 0.00 
2 1.76 -0.12 0.00 
3 5.22 -0.37 0.00 
4 0.27 -0.42 0.00 
5 -4 36 0.81 0.00 
6 9.85 -0.48 0.00 
7 -8.99 2.20 0.00 
8 4.25 -0.14 0.00 

5 1 -1.34 0.47 0.00 
2 1.39 -0.03 0.00 
3 4.12 -0.08 0.00 
4 0.29 -0.38 0.00 
5 -3.44 0.57 0.00 
6 7.41 -0.05 0.00 
7 -7.57 1.58 0.00 
8 3.07 0.01 0.00 

6 1 -1.38 0.34 0.00 .a 2 
1.08 0.03 0.00 

3 3.22 0.10 0.00 
4 0.30 -0.35 0.00 
5 -2.69 0.42 0.00 

4B 
6 5.45 0.19 0.00 
7 -6.34 1.15 0.00 
8 2.14 0.09 0.00 

7 1 -1.23 0.24 0.00 
2 0.76 0.06 0.00 
3 2.27 0.19 0.00 
4 0.27 -0.33 0.00 
5 -1.90 0.34 0.00 
6 3.57 0.29 0.00 
7 -4.81 0.89 0.00 
8 1.30 0.10 0.00 

8 1 -0 96 0.17 0.00 
2 0.48 0.07 0.00 
3 1.43 0.22 0.00 
4 0.21 -0.31 0.00 
5 -1.19 0.31 0.00 
6 2.06 0.29 0.00 
7 -3.26 0.75 0.00 
8 0.68 0.08 0.00 

9 1 -0.72 0.13 0.00 
2 0.26 0.07 0.00 

0 * 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 

@ 3 0.78 0.21 0.00 
4 0.16 -0.31 0.00 
5 -0.66 0.32 0.00 

e 
6 0.93 0.22 0.00 
7 -2.05 0.71 0.00 
8 0.22 0.04 0.00 

10 1 -0.49 0.11 0.00 
2 0.10 0.06 0.00 
3 0.30 0.18 0.00 
4 0.11 -0.30 0.00 
5 -0.25 0.35 0.00 
6 0.13 0.14 0.00 
7 -1.06 0.72 0.00 
8 -0.09 -0.01 0.00 

11 1 -0.29 0.10 0.00 
2 0.00 0.05 0.00 
3 0.01 0.14 0.00 
4 0.06 -0.30 0.00 
5 -0.01 0.38 0.00 
6 -0.28 0.04 0.00 
7 -0.39 0.77 0.00 
8 -0.22 -0.06 0.00 

12 1 -0.15 0.10 0.00 
2 -0.06 0.03 0.00 
3 -0.18 0.10 0.00 ta 4 

0.03 -0.30 0.00 
5 0.15 0.42 0.00 
6 -0.54 -0.05 0.00 
7 0.07 0.83 0.00 

e 
8 -0.30 -0.10 0.00 

13 1 -0.04 0.10 0.00 
2 -0.09 0.02 0.00 
3 -0.27 0.07 0.00 
4 0.01 -0.30 0.00 
5 0.23 0.45 0.00 
6 -0.62 -0.12 0.00 
7 0.33 0.89 0.00 
8 -0.30 -0.13 0.00 

14 1 0.02 0.11 0.00 
2 -0.09 0.01 0.00 
3 -0.26 0.04 0.00 
4 0.00 -0.31 0.00 
5 0.22 0.47 0.00 
6 -0.54 -0.18 0.00 
7 0.40 0.94 0.00 
8 -0.25 -0.16 0.00 

15 1 0.05 0.12 0.00 
2 -0.08 0.01 0.00 
3 -0.24 0.02 0.00 
4 -0.01 -0.31 0.00 

- 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0, MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 

0 5 0.20 0.49 0.00 
6 -0.45 -0.22 0.00 
7 0.41 0.98 0.00 

a 
8 -0.20 -0.18 0.00 

16 1 0.06 0.12 0.00 
2 -0.06 0.00 0.00 
3 -0.19 0.00 0.00 
4 -0.01 -0.31 0.00 
5 0.16 0.50 0.00 
6 -0.34 -0.24 0.00 
7 0.34 1.00 0.00 
8 -0.14 -0.19 0.00 

17 1 0.05 0.12 0.00 
2 -0.04 0.00 0.00 
3 -0.13 -0.01 0.00 
4 -0.01 -0.31 0.00 
5 0.11 0.50 0.00 
6 -0.22 -0.26 0.00 
7 0.25 1.02 0.00 
8 -0.09 -0.19 0.00 

18 1 0.04 0.13 0.00 
2 -0.03 0.00 0.00 
3 -0.08 -0.01 0.00 
4 -0.01 -0.31 0.00 
5 0.06 0.51 0.00 

0 6 -0.13 -0.26 0.00 
7 0.16 1.02 0.00 
8 -0.05 -0.20 0.00 

19 1 0.02 0.13 0.00 

e 
2 -0.01 0.00 0.00 
3 -0.03 -0.01 0.00 
4 -0.01 -0.31 0.00 
5 0.03 0.51 0.00 
6 -0.06 -0.26 0.00 
7 0.07 1.02 0.00 
8 -0.02 -0.20 0.00 

20 1 0.00 0.12 0.00 
2 0.00 0.00 0.00 
3 0.00 -0.01 0.00 
4 0.00 -0.31 0.00 
5 0.00 0.51 0.00 
6 -0.01 -0.26 0.00 
7 0.00 1.02 0.00 
8 -0.01 -0.20 0.00 

2 1 1 -0.02 0.12 0.00 
2 0.00 0.00 0.00 
3 0.01 -0.01 0.00 
4 0.00 -0.31 0.00 
5 -0.01 0.51 0.00 
6 0.01 -0.26 0.00 

m 

- 





-- 

GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0. MOWNO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 

0 28 1 -0.06 0.12 0.00 
2 0.06 0.00 0.00 
3 0.19 0.00 0.00 
4 0.01 -0.31 0.00 
5 -0.16 0.50 0.00 
6 0.34 -0.24 0.00 
7 -0.35 1.00 0.00 
8 0.14 -0.19 0.00 

29 1 -0.05 0.12 0.00 
2 0.08 0.01 0.00 
3 0.24 0.02 0.00 
4 0.01 -0.31 0.00 
5 -0.20 0.49 0.00 
6 0.45 -0.22 0.00 
7 -0.41 0.98 0.00 
8 0.20 -0.18 0.00 

3 0 1 -0.02 0.11 0.00 
2 0.09 0.01 0.00 
3 0.26 0.04 0.00 
4 0.00 -0.31 0.00 
5 -0.22 0.47 0.00 

1 

6 0.54 -0.18 0.00 
7 -0.40 0.94 0.00 
8 0.25 -0.16 0.00 

0 
1 0.04 0.10 0.00 
2 0.09 0.02 0.00 
3 0.27 0.07 0.00 
4 -0.01 -0.30 0.00 

a 
5 -0.23 0.45 0.00 
6 0.62 -0.12 0.00 
7 -0.33 0.89 0.00 
8 0.30 -0.13 0.00 

32 1 0.15 0.10 0.00 
2 0.06 0.03 0.00 
3 0.18 0.10 0.00 
4 -0.03 -0.30 0.00 
5 -0.15 0.41 0.00 
6 0.54 -0.05 0.00 
7 -0.07 0.83 0.00 
8 0.30 -0.10 0.00 

3 3 1 0.29 0.10 0.00 
2 0.00 0.05 0.00 
3 -0.01 0.14 0.00 
4 -0.06 -0.30 0.00 
5 0.01 0.38 0.00 
6 0.28 0.04 0.00 
7 0.39 0.77 0.00 
8 0.22 -0.06 0.00 

3 4 1 0.49 0.11 0.00 
2 -0.10 0.06 0.00 

- 



GUADALUPE CHANNEL FINAL ANALYSIS BY EDGAR 0, MORENO 
SUPPORT REACTIONS KIPS 
NODE LOAD X FORCE Y FORCE MOMENT 




