
AGUA CALIENTE 
RRTDGE DESIGN R F W R T  

J u l y ,  1986 
(Revised Septembrr, 1'386) 

Prepared f o r :  
MARICOPA COUNTY HIGAIiAY D E P A R m N T  

3325 West Gurango S t r e e t  
Phoenix ,  Arizona 85009 

Prepared by: 
A-R VTST, INC . 

4120 North 20th Street 
Phoenix ,  A r i z o ~ a  85016 



INTRODUCTION 

FTKAL DESIGN 

Hydraulic Analysis 

Hydraulic Design 

Bridge Desi.gn 

Road Design 

TABLE OF CONTENTS 

PAGE - 

SEDIMENT AND SCOUR ANALYSTS 

General 

Components of Scour Analysis 

Degradation 

General Scour 

Local Scour 

Antidunes 

Scour and Embankment Protection Design 

REFERENCES 

APPENDIX 

Design Calculations 

UNDER SEPARATE COVER 

Bridge Structural. Calcul.ations 



AGUA CALIENTE 

BRIDGE DESIGN REPORT 

INTRODUCTION 

The purpose of  t h i s  r epor t  i s  t o  summrjze  t h e  design informatjon on t h e  Agua 

Ca l i en te  Road PriAge over t h e  Gi la  River .  The s t r u c t u r e  i s  designed t o  

provide a  dry cross ing  a t  t h e  r i v e r  channel f o r  flows up t o  10,000 c f s  and t o  

withstand t h e  maximm expected discharge o f  72,500 c f s  from Pajnted Rock Dam. 

Agua Ca l i en te  Road c rosses  t h e  Gila  River approximately two mi les  from t h e  

western boundary of  Karicopa County and approximately e ighteen  mil.es 

downstream of  Painted Rock Reservoir  (Figure 1 ) .  The r i v e r ,  with a  flood- 

p l a i n  width varying from one t o  two mi l e s ,  flows in a  wes ter ly  d i r e c t i o n  a t  

an average s lope  of 0.08 percent .  The f loodpla in  cons i s t s  of 2 meandering 

main channel with braided secondary channels and a  heavy growth of s a l t  cedar  

brush ou t s ide  t h e  main channel hanks. 

Painted Rock Dam and Reservoir  was cons t ruc ted  by t h e  Corps of Engineers i n  

1959 t o  provide f lood con t ro l  f o r  t h e  lower Gila  River.  The drainage a rea  % ) .  . \ .  
_,, <>.> 

above t h e  dam and gauge s t a t i o n  (No. 09519800) i s  50,910 square mi les  
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according t o  t h e  United S t a t e s  Geological Survey (USGS) Water Resource :\- %, 3 
Publi.cation. The dam was designed t o  reduce t h e  maximum probable f lood ,  <Q \ 

IL 

which includes t h e  record flood of  195,000 c f s  i n  1916, t o  a  maximum outf low. j , 
of 22,500 c f s .  A normal maximum discharge  of 10,000 c f s  i s  expected from t h e  

opera t ion  of  t h e  dam. Peak flows from t h e  dam t o  d a t e  have been i n  t h e  4,000 

t o  5,000 c f s  range with l e s s e r  flows continuing fo r  dura t ions  of up t o  t h r e e  

t o  s i x  months. 

The e x i s t i n g  Agua Ca l i en te  roadway, a s  it crosses  t h e  Gila River ,  con ta ins  

approximate1.y t h i r t y  corrugated meta l  pipe (CMP) c u l v e r t s  gene ra l ly  o f  60- 

inch diameter .  The CMP c u l v e r t s  a r e  placed along t h e  roadway embankment i n  

groups wi th  capaci ty  roughly p ropor t iona te  t o  the  si-ze of braided channels 

i n t e r s e c t i n g  the  road. A t  t h e  no r th  and south edges of t h e  Gi la  River  

f loodpla in ,  t h e  e x i s t i n g  roadway c o n s i s t s  of  a  d i p  sec t ion  road cross ing  with 
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no drainage s t r u c t u r e s .  consequently,  floodwaters become trapped behind t h e  

road,  spread o u t ,  and flow over  t h e  roadway a t  these  1.ocations. Previous 

peak discharges of approximately 5,000 c f s ,  4,500 c f s ,  and 4,000 c f s  i n  

October 1980, June 1983, and e a r l y  1984, r e spec t ive ly ,  from Painted Rock Dam 

have inundated po r t ions  of  t h e  roadway, thereby c los ing  t h e  road. 

SUMMARY OF DESIGN 

The design c a l c u l a t i o n s  and o t h e r  p e r t i n e n t  d a t e  presented i n  t h i s  r epor t  a r e  

i n  conjunct ion with t h e  "p1.ans f o r  cons t ruc t ion  of Agua Ca l i en te  Road Fridge 

over t he  Gila River", p r c ) j e c t  numbel 6 3 2 4 6 .  The Ces?'gr involved a t o t e 1  

nominal br idge  length of 252 f e e t  us ing  mul t ip l e  span 1.engths of 84 f e e t .  I n  

conjunct ion wi th  a 252-foot br idge ,  on ly  minor r i v e r  channel iza t ion  (approxi- 

mately 300 f e e t  upstream and 200 f e e t  downstream) of t h e  br idge  w i l l  be 

performed i n  t h e  a rea  of  t h e  spur  d ikes ,  t o  pass the  design d ischarge  of 

10,000 c f s .  The bridge s t r u c t u r e  w i l l  a l s o  pass  a flow of 22,500 c f s  without 

damage t o  t h e  s t r u c t u r e .  

The bridge i s  located wi th in  t h e  south  ha l f  of t h e  e x i s t i n g  r i v e r  f loodpla in  

with t h e  south  abutment of t h e  br idge  a t  t h e  bank of t h e  exi .s t ing n a t u r a l  

channel,  The main flow of t h e  Gi la  River i s  p re sen t ly  concentrated i n  t h e  

a rea  of the  proposed bridge.  

To p ro tec t  t h e  br idge  from flood damage, a  system of spur dikes was designed 

extending approximately 200 f e e t  upstream and 150 f e e t  downstream of both 

br idge  abutments. 

An unusual s i t u a t i o n  e x i s t s  i n  t h e  south overbank a r e a  upstream of t h e  br idge  

where high r i v e r  flows have t h e  p o t e n t i a l  f o r  en te r ing  t h e  overbank a r e a  and 

causing f looding of t h e  road c ross ing  t o  t h e  south of t h e  br idge .  Since t h e  

e x i s t i n g  roadway el.evations a r e  below t h e  an t i c ipa ted  highwater e l e v a t i o n s  

f o r  a  r i v e r  flow of 10,000 c f s  and it i s  n o t  p r a c t i c a l  t o  r a i s e  t h e  roadway, 

we propose t h e  cons t ruc t ion  of a  low dike t o  conta in  r i v e r  flows. The dike 

would be Located on a  r i d g e  of  high ground, approximately 1,800 f e e t  south  of 

t h e  proposed br idge .  The dike would be approximately t h r e e  f e e t  i n  he ight  

and would extend t o  approximately 2,000 f e e t  e a s t  of t h e  road c e n t e r l i n e .  

The dike would r equ i re  an easement o r  right-of-way dedica t ion .  The d ike  i s  

proposed a s  a  s a f e t y  measure t o  in su re  t h a t  r i v e r  flows pass  through t h e  

2  



bridge opening and not  a c r o s s  t h e  road. There i s  a p o s s i b i l i t y  t h a t  t h e  d ike  

i s  not  necessary  i f  r i v e r  scour c r e a t e s  a l a r g e r  more e f f i c i e n t  channel. 

Our computer models of t h e  r i v e r  hydraul ics  does not  consider  scour and, 

t h e r e f o r e ,  generates  a conserva t ive  water  su r face  e l eva t ion .  

FINAL DESIGN 

Hydraulic Analysis:  

The hydraul ic  ana lys i s  of t h e  Gila  River f loodpla in  was performed using t h e  

Corps of  Engineers (COF.) backwater program, FEC-2 (Reference 1 ) .  Aerial 

phctogrspby was floxm on tray 4, IS8& (Reference 2 t o  obtein. c:-oss-secti.ons 

and contour mapping of t h e  r i v e r  f loodpla in  f o r  use i.n t h e  hydraul ic  

ana lys i s .  Floodwater r e l eases  from Painted Rock Reservoir  had subsided t o  

approxi.mately 50 c f s  by t h i s  t ime. The aeri .a l  photography covers from 

approxi.mateJ.y one mile  downstream t o  2.5 miles  upstream of t h e  road cross ing  

a t  a photo s c a l e  of 1:12,000. Topographic mapping a t  a s c a l e  of 1" = 200' 

with 5-foot contour i n t e r v a l s  was compiled f o r  t h e  r i v e r  floodpl.ain. 

Dig i t ized  cross-sec t ions  of t h e  f loodpla in  were a l s o  obtained f o r  t h e  3.5 

mile  reach analyzed i n  t h e  HBC-2. I n  a d d i t i o n ,  an a rea  one mile by 1,600 

f e e t  centered on t h e  e x i s t i n g  road cross ing  was flown a t  1:3,000 s c a l e  t o  

compi.1.e 40-scale,  1-foot contour i n t e r v a l  mapping f o r  use i n  j.nvestigati.ng 

road cross ing  improvement a l t e r n a t i v e s  and i n  t h e  development of  prel iminary 

designs . 

Discharges of 5,000, 10,000, and 22,500 c f s  were used i n  t h e  hydraul ic  

ana lys i s  of  t h e  Gila River.  These flows a r e  based on t h e  opera t ing  

procedures establ.ished f o r  S a i n t e d  Rock Dam by t h e  Corps of Engineers.  

Roughness c o e f f i c i e n t s  o r  Nannjng's "n" values f o r  use i n  t h e  hydraul ic  

ana1ysj.s were determined by a combination of f i e l d  inspec t ion ,  i n spec t ion  of 

a e r i a l  photos,  re ference  t o  hydraul ic  handbooks (Reference 4)  and engineering 

judgement. A Manning's "n" value of 0.080 was used f o r  both overbanl: a reas  

due t o  t h e  shal lower depth of flow and t h e  heavy s a l t  cedar  growth. A 

Manning's "n" value of  0.045 was used f o r  t h e  main channel a r e a .  

The s t a r t i n g  water  su r face  e l e v a t i o n  f o r  t h e  HEC-2 backwater program was 

determined using t h e  s lope  a rea  method beginning one mile  downstream of t h e  

roadway. Information on t h e  e x i s t i n g  corrugated metal pipe (CMP) c u l v e r t s  
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was obtained from a  f i e l d  survey f o r  use i n  t h e  hydraul ic  ana lys i s .  The HEC- 
2 model of t h e  e x i s t i n g  c u l v e r t s  and roadway was ca l ib ra t ed  by checking t h e  

computed water su r face  f o r  t h e  5,000 c f s  discharge t o  determine i f  inundat ion 

of  t h e  e x i s t i n g  road occurred a s  repor ted  i n  pas t  flood events .  

The r e s u l t s  of t h e  REC-2 a n a l y s i s  f o r  t h e  f loodpla in  a r e  shown on Figure  2  

and i n  t h e  Appendix. The f loodpla in  d e l i n e a t i o n  f o r  t h e  10,000 c f s  discharge 

i s  shown on Exhibi t  1. 

Bydraulic ana lys i s  i-ndicates t h a t  t h e  nor thern  edge of t h e  f loodpla in  i s  not  

e f f e c t i v e  f o r  conveying flood flows due t o  t h e  r e s t r i c t i o n  caused by a  s l i g h t  

topograpb5c r i d g e .  Therefere ,  t h a t  por t ion  of the  Eloo?plain was blocked out 

i n  t h e  HEC-2 ana lys i s  ( s e e  Exhib i t  1 i n  the  Appendix). The 10,000 c f s  

e x i s t i n g  f loodpla in  was de l inea ted  beyond t h e  e f f e c t i v e  a r e a  above t h e  road 

t o  show t h e  ex ten t  of ponded water  i n  t h i s  a rea .  

The p o t e n t i a l  capac i ty  of t h e  vari.ous braided channels ac ross  t h e  width of 

the  f loodpla in  was evaluated us ing  FEC-2 t o  a id  i n  t h e  design and loca t ion  of 

cu'vert c a p a c i t i e s  propor t ional  t o  t h e  channel c a p a c i t i e s .  The approximate 

capaci ty  d i s t r i b u t i o n  was used i n  conjunct ion with t h e  mapping, HEC-2 

a n a l y s i s ,  and. a e r i a l  photos ( s e e  Exhib i t  1) t o  i d e n t i f y  t h r e e  genera l  a reas  

of flow. 

The e x i s t i n g  roadway and c u l v e r t  conf igu ra t ion  has a  drainage capac i ty  of 

only  about 4,000 c f s .  With t h e  mild s lope  of t h e  r i v e r  bed, flow over  t h e  

e x i s t i n g  roadway causes water  t o  pond upstream i n  t h e  overbank areas  t o  

approxj-mately sec t ion  10.668 of  t h e  HEC-2 a n a l y s i s .  A t  t h i s  l o c a t i o n ,  t h e  

flow remains e s s e n t i a l l y  contained i n  t h e  main channel.  Red i s t r ibu t ion  of 

t h e  flow i n  r e l a t i o n  t o  t h e  weir  capac i ty  of t h e  road p r o f i l e  focuses a  

r e d i s t r i b u t i o n  of t h e  flow wi th in  t h e  f loodpla in  due t o  t h e  backwater or  

pondjng e f f e c t  of t h e  roadway embankment. This p o t e n t i a l  f o r  r e d i s t r i b u t i o n  

of flow al lot is  t h e  rout ing  of t h e  ma jo r i ty  of flow through a  main bridge 

opening by r a i s i n g  t h e  roadway embankment and forcing more flow through t h e  

main channel. 

Hvdraulic Des i ~ n :  

A bridge opening was designed and analyzed s o  t h a t  computed water  su r face  

e l eva t ions  would not  exceed t h e  water  su r face  e l eva t ion  f o r  a  10,000 c f s  

discharge under e x i s t i n g  cond i t ions .  I t  was recognized t h a t  ponding would 



occur no r th  and south of  t h e  br idge  as  i n  t h e  e x i s t i n g  cond i t ion ,  but  t h a t  

t h e  flow would rou te  through t h e  br idge  opening. Some small  drainage 

s t r u c t u r e s  w i l l  be requi red  under t h i s  a l t e r n a t i v e  t o  d ra in  l o c a l  nuisance 

flows and t h e  ponded water  remaining on t h e  upstream s i d e  of  t h e  road a f t e r  

t h e  flood flows subside.  

Due t o  t h e  heavy vege ta t ion  growth and p o t e n t i a l  f o r  sediment depos i t ion  

wi th in  t h i s  broad f loodp la in ,  channel iza t ion  was n o t  considered a  f e a s i b l e  

eJ.ement f o r  improving t h e  road c ross ing .  Furthermore, channel iza t ion ,  i f  

used, would be c o s t l y  because extens ive  downstream excavation would be 

reuqired t o  prc~duce a  more e f f e c t i v e  bridge opening. Extensive upstream 

excavation would el-so be requ;red t o  i.nt.ercept. f l o w s  in t h e  broad f loodpla in .  

Although not  modeled a s  p a r t  of t h e  hydraul ic  ana lys i s  of t h e  bridge 

a l t e r n a t i v e ,  some n a t u r a l  channel modif ica t ion  would be an t i c ipa ted  during 

flood flows a s  a  r e s u l t  of  scour due t o  confinement of t h e  fl.ow i n  t h e  main 

channel. 

Some modif icat ion of t h e  road i s  necessary t o  e l imina te  t h e  flooding 

condj t i o n s  a t  t h e  e x i s t i n g  d ip-sec t ion  c ross ings .  Raising the  roadway 

embankment was considered t h e  most cos t - e f f ec t ive  method of improving t h e  

road crossing s ince  t h i s  would a l s o  r o u t e  t h e  flood flows through t h e  br idge  

opening. 

The proposed br idge  opening, modeled by t h e  EEC-2 a n a l y s i s ,  i s  shown on 

Figure 3. The r e s u l t s  of t h e  RFC-2 ana lys i s  a r e  shown i n  t h e  Appendix and 

Figure 2 .  The proposed br idge  opening has a  bottom width of 170 f e e t  and top  

width of 250 f e e t  wi th  s ides lopes  of 3 ho r i zon ta l  t o  1 v e r t i c a l .  Flow 

through t h e  br idge  opening was n o t  reduced f o r  t h e  c u l v e r t s  which a r e  

included a s  p a r t  of t h e  roadway design t o  d r a i n  nuisance flows. This 

conservat ive assumption was used because t h e  c u l v e r t s  have a  r e l a t i v e l y  small  

capac i ty  and t h e i r  l oca t ions  were n o t  considered e f f e c t i v e  i n  conveying t h e  

main r i v e r  discharges.  

The REG-2 hydraul ic  a n a l y s i s  of t h e  22,500 c f s  flood flow would pass  through 

t h e  bridge opening and showed t h a t  t h e  proposed roadway wou1.d remain i n t a c t  

although i n  r e a l i t y  some damage t o  t h e  roadway embankment would be expected 

from t h i s  flow. It  would be d i f f i c u l t  t o  accu ra t e ly  e s t ima te  t h e  ex ten t  of 

t h i s  damage which i s  due t o  t h e  seve re  c o n s t r i c t i n g  e f f e c t  t h e  r a i sed  roadway 

has on the  wide f loodpla in  of t h e  r i v e r .  The p r o b a b i l i t y  and e x t e n t  of t h i s  



damage i s  expected t o  be reduced i n  t h e  f u t u r e  as  t h e  r i v e r  becomes more 

n a t u r a l l y  channelized i n  response t o  t h e  br idge  and road cons t ruc t ion .  

The e x i s t i n g  water  su r face  e l e v a t i o n s  a t  t h e  bridge a r e  El .  442.14 f o r  a  

10,000 c f s  discharge and E l .  443.10 f o r  a  22,500 c f s  discharge.  

The design water  su r face  e l eva t ions  of t h e  bridge sec t ion  a r e  E l .  441.50 f o r  

t h e  10,000 c f s  d ischarge  and E l .  443.50 f o r  t h e  22,500 c f s  discharge.  The 

above design values were determined through a conservat ive i n t e r p r e t a t i o n  of 

the  r e s u l t s  of the  computer a n a l y s i s .  

The proposed bridge loxu chord of E l .  L45.50 xrill provide a  iour-foot  

freeboard f o r  t h e  10,000 c f s  d ischarge  and a two-foot freeboard above t h e  top  

of road e l eva t ion  of 443.50. 

Brjdae Design: 

The bridge s t r u c t u r e  of  t h e  Agua Ca l i en te  Road bridge over  t h e  Gila  River 

c o n s j s t s  of p r e c a s t ,  p re s t r e s sed  concre te  beams, Type TV, 85 f e e t  in  l eng th ,  

founded on four-foot diameter  conc re t e ,  d r i l  led s h a f t s  extending 70 f e e t  

below t h e  channel bottom. The br idge  c o n s i s t s  of t h r e e  spans. 

The deck i s  cast- in-place concre te  and a c t s  through composite a c t i o n  with t h e  

beams joined i n t o  one continuous span u n i t  of 255 f e e t .  The 52-foot wide 

roadway with concre te  b a r r i e r s  r e s u l t s  i n  a  55-foot,  2-inch wide bridge which 

requi res  seven s t r i n g s  of beams. Concrete b a r r i e r s  a r e  used on t h e  edge of 

t h e  roadway, with no fencing provided on t h e  b a r r i e r .  

The type of foundation system t o  be used was s tudied  i n  d e t a i l ,  r e s u l t i n g  i n  

t h e  determinat ion t h a t  concre te  d r i l l e d  s h a f t s  provided t h e  most flood 

r e s i s t a n t  and cos t -ef fec t ive  foundation. 

A summary of t h e  bridge s t r u c t u r a l  c a l c u l a t i o n s  and design i s  presented under 

a sepa ra t e  cover .  

Road Design: 

The r e s u l t s  of  t h e  hydraul ic  a n a l y s i s  show a water  su r face  e l eva t ion  upstream 

of t h e  br idge  of approximately 441 f e e t  f o r  a  r i v e r  flow of 10,000 c f s  and 

444 f e e t  f o r  a  r i v e r  flow of 22,500 c f s .  
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To provide f o r  adequate freeboard and t o  al low f o r  v e l o c i t y  head i n  the l a rge  

overbank a r e a s ,  a  top-of-road e l eva t ion  of 443.5 is proposed. This proposed 

roadway e l eva t ion ,  i n  conjunct ion with t h e  proposed br idge  s t r u c t u r e ,  w i l l  

~ r o v i d e  a  dry c ross ing  f o r  r i v e r  flows i n  excess of 10,000 c f s .  

To provide a  top-of-road e l e v a t i o n  of 443.5 f e e t ,  it w i l l  be necessary t o  

recons t ruc t  t h e  e x i s t i n g  road f o r  a  d i s t ance  of approximately 2,000 f e e t  

south and 6,000 f e e t  no r th  of t h e  bridge c e n t e r l i n e .  This r e s u l t s  i n  a  t o t a l  

roadway length of approximate1.y 8,000 f e e t .  The road s e c t i o n  c o n s i s t s  of 

two, 14-foot d r iv ing  Lanes f o r  a  t o t a l  pavement width of 28 f e e t .  The 

sec t ion  is t o  be normalJy crowned with a  two percent  c r o s s  s lope ,  including 

10-foot shou!ders. Kaxirnum f i ; l  s ide  s lopes a r e  6 t o  1. The design speed is 

55 KPH. 

Due t o  t h e  high frequency of r i v e r  flows and t h e  need t o  provide f o r  t r a f f i c  

during cons t ruc t ion ,  a  de tour  road i s  planned. The de tour  road w i l l  be 

located upstream o r  e a s t  of t h e  proposed bridge.  This w i l l  a l low t h e  detour  

road t o  funct ion  a s  a  r i v e r  c o n t r o l  s t r u c t u r e  t o  prevent  f looding of t h e  

cons t ruc t ion  s i t e .  It  i s  proposed t h a t  t h e  plans and s p e c i f i c a t i o n s  c a l l  f o r  

t h e  con t rac to r  t o  maintain o r  provide f o r  r i v e r  flows of up t o  3,000 c f s  

bel-ow t h e  de tour  road and through t h e  bridge cons t ruc t ion  a r e a  f o r  t h e  

dura t ion  of t h e  cons t ruc t ion .  It i s  proposed t h a t  t h e  method t h e  con t rac to r  

chooses t o  convey t h i s  r i v e r  flow be l e f t  t o  h i s  d i s c r e t i o n  within t h e  

parameters of  t h e  s p e c i f i c a t i o n s .  

The detour  road is designed f o r  55 MPH t r a f f i . ~ .  Minor drainage c u l v e r t s  w i l l  

be provided a s  required along t h e  length  of t h e  roadway. 

SEDIMENT AND SCOUR ANALYSIS 

General : 

Scour a t  t h e  proposed road cross ing  was est imated based upon techniques 

described by Simon and Senturk (Reference 5) and Simon, L i  & Associates  

(Reference 6 ) .  T o t a l  scour includes t h e  e f f e c t s  of four  components: 

degradat ion,  general  scour ,  l o c a l  scour ,  and ant idunes .  Degradation r e f e r s  

t o  the  long-term e ros ion  of t h e  stream bed due t o  t h e  genera l ized  a l t e r a t i o n  

o f  the  sediment t r a n s p o r t  regime. Dam cons t ruc t  i on ,  urban development, and 

c l ima t i c  changes a r e  examples of a c t i o n s  t h a t  can induce degradat ion.  



General scour represents  e ros ion  a s  a  r e s u l t  of  t h e  c o n s t r i c t i o n  of the  flow 

channel.  Turbulent flow ( i . e . ,  v o r t i c e s  and eddies)  t r i g g e r s  l o c a l  scour 

around p i e r s ,  embankments, and o t h e r  s t r u c t u r e s .  F i n a l l y ,  t o t a l  scour 

includes cons idera t ion  of t h e  lowering of t h e  r i v e r  bed due t o  t h e  formation 

of ant idunes on t h e  channel bottom under high-veloci ty flow condi t ions .  

The scour c a l c u l a t i o n s  were performed a t  t h e  main flow channel only and 

considered both t h e  10,000 and 22,500 c f s  flood events .  A l l  hydraul ic  

parameters used i n  the  a n a l y s i s  were taken from t h e  HEC-2 model runs .  The 

flow v e l o c i t i e s  through t h e  br idge  opening used i n  t h e  scour ana lys i s  were 6 

f p s  and 1 5  fps  f o r  t h e  10,000 and 22,500 c f s  f lows,  respective1.y. As 

indicated i n  the  hydraul ic  a n a l y s i s ,  t h e  flow v e l o c i t i e s  fo r  the  22,5( '0  c f s  

flood event a r e  higher  than would be r e a l i s t i c a l l y  expected. Therefore,  the  

scour a n a l y s i s  i s  conserva t ive  due t o  t h e  a n a l y s i s  assumption t h a t  t h e  

proposed roadway would remain i n t a c t .  

The Gila River bed ma te r i a l  was charac ter ized  as  follows: 

DIAW,TER DIAMXTER 

PERCENT PASSING - SIEVE ( m d  

These values were based upon d a t a  gathered i n  t h e  prel iminary s o i l s  

i n v e s t i g a t i o n  f o r  t h i s  p r o j e c t  (Reference 7). 

Components of Scour Analysis 

Degradation: The proposed design is not  expected t o  a l t e r  t h e  long-term 

sediment t r anspor t  cha rac te r  of t h e  a reas  enough t o  d i s rup t  t h e  c u r r e n t  

sedimentation c h a r a c t e r i s t i c s  of t h e  r i v e r .  The elevated n a t u r e  of t h e  

e x i s t i n g  Agua Ca l i en te  Road i n  r e l a t i o n  t o  t h e  surrounding f loodp la in  does 

s i g n i f i c a n t l y  a f f e c t  t h e  t r a n s p o r t  of water  and sediment on the  r i v e r .  

However, s ince  both t h e  p resen t  and proposed cross ings  a r e  e leva ted ,  l i t t l e  

change i n  t h e  o v e r a l l  sediment t r a n s p o r t  system is a n t i c i p a t e d .  Based upon 



this qualitative evaluation, the potential for degradation as a result of the 

implementation of the proposed design is assumed to be negligible. 

General Scour: 

The estimated depths of general scour due to the contraction of flow at the 

road crossing were determined by applying Feil's procedure, as described in 

Simons and Senturk (Reference 5 ) .  Neil's technique allows for z trial-and- 

error estimation of scour depths by relating flow velocity and the 

erodibility of the bed material. 

Iocal Scour: - ----- 
Equations to estimate local scour at p:'ers and embankments have heen 

developed by several investigators using both flume and field data. The 

local scour calculations for the bridge piers were based on an average value 

from three separate fomulae (Simons and Senturk, Reference 5 ) .  Scour at an 

embankment is caused by the eddies that result when the v~ater turns into the 

bridge openjng after moving parallel to the upstream face of the road 

embankment. A formulation for long embankments (Simons and Senturk , 1977) 
was deemed most appropriate and used for this analysis. 

Antidunes: 

The movable bed of the Gila River will be subject to antidune formation as a 

consequence of the high flow velocities that will exist at the crossing. 

Since the troughs of the antidunes can be significantly below the mean bed 

level, their effect has been calcul.ated (Simons, Li 6 Associates, Reference 6 

and included in the scour evaluation. 

Scour and Embankment Protection Design: 

The results of the scour analysis for the bridge design are presented in 

Table 1. Total scour at the abutment is 29 feet for the design flow of 

10,000 cfs and consists of the sum of general scour, embankment scour, and 

antidunes. At the bridge piers, total scour is 6 feet which is the sum of 

general scour, pier scour, and antidunes. Values are only given to the 

nearest foot, due to the uncertainty of scour estimation procedures. 



TABLE 1 
SCOUR ANALYSIS 
BRIDGE DESIGN 

SCOUR I N  FEET 

COMPONENT 10.000 CFS EVENT 2.2500 CFS EVENT 

General Scour 

Embankment Scour 

P i e r  Scour 

Antidunes - 0.5 3 

To ta l  Abutment Scour 2 3 48 

Tota l  - P i e r  Scour 6 2 0 -- ---.- 

The design of spur  d ikes  and bank p r o t e c t i o n  a t  t h e  br idge  i s  shown on 

Exhibi t  2  and Figure 3. Loose rock r ip rap  i s  proposed a s  bank pro tec t ion .  

Exposed rock outcroppings e x i s t  w i th in  s e v e r a l  rr.jles of t h e  p ro jec t  and i t  i s  

an t i c ipa ted  thay would provide an economical rock source ,  although no 

inves t iga t ion  was made of s p e c i f i c  sources and c o s t s .  

To ta l  scour depths a t  t h e  proposed br idge  abutments of 29 and 48 f e e t  have 

been cal.culated f o r  t h e  10,000 c f s  and 22,500 c f s  flood f lows,  respecti.ve1.y. 

According t o  Simons and Senturk (Reference 5) and Simons, L i  h Associates  

(Reference 6) it i s  recommended t h a t  bank and scour protecti .on be designed 

and constructed t o  t h e  ful.1 depth of scour ca l cu la t ed .  Full-depth scour 

p ro tec t ion  i s  p re fe r r ed  t o  t h e  a l t e r n a t i v e  of providing a  s u f f i c i e n t  quant i ty  

of loose rock i n  a  t o e  t rench  which would f i l l  i n  and p ro tec t  t h e  embankment 

a s  scour occurs .  

However, due t o  t h e  cons t ruc t ion  d i f f i c u l t i e s  and a d d i t i o n a l  cos t  involved i n  

cons t ruc t ing  scour p r o t e c t i o n  t o  t h e  ca l cu la t ed  scour depths,  an a l t e r n a t i v e  

design i s  used. I t  is proposed t h a t  bank p r o t e c t i o n  with a  t o e  t rench be 

used i n  conjunct ion with spur d ikes  on t h e  upstream s i d e  of t h e  bridge 

opening. Embankment scour ,  t h e  most s i g n i f i c a n t  component of scour ,  occurs 

a t  t h e  c o n s t r i c t i o n  of flow where t r a n s i t i o n s  cause eddy cu r ren t s .  The 

purpose of  t h e  spur  d ike  is t o  move t h e  c o n s t r i c t i o n  and, t h e r e f o r e ,  t h e  

embankment scour upstream and away from t h e  br idge  s t r u c t u r e .  I n  a d d i t i o n ,  

t h e  spur d ike  s t reaml ines  flow as  it passes through t h e  s t r u c t u r e ,  thereby 

reducing tu rbu len t  eddy cu r ren t s  and scour a t  t h e  s t r u c t u r e .  



Spur d ikes  a r e  proposed f o r  a  d i s t a n c e  of 200 f e e t  upstream of t h e  nor th  

abutment and 150 f e e t  upstream of t h e  south abutment of t h e  br idge .  The 

lengths o f  t h e  spur d ikes  downstream of  t h e  no r th  and south abutments o f  t h e  

br idge  a r e  approximately 100 f e e t  each. The shape of t h e  spur d ikes  conform 

t o  t h e  equat ion of a  q u a r t e r  e l l i p s e  wi th  a  2.5:l r a t i o  of t h e  major a x i s  t o  

t h e  minor a x i s .  

The spur d ikes  and bank p r o t e c t i o n  wi th  t o e  t renches as  proposed would 

provide scour p ro tec t ion  t o  a  depth of approxirrately 29 f e e t  i f  t h e  t o e  

t rench p r o t e c t i o n  funct ions  a s  expected. I f  t h e  t o e  t rench does n o t  f i l l  i n  

scour holes  as  they occur ,  some damzge wou!d be an t i c ipa ted  a t  t h e  upstrearr 

end o f  the  spur l i k e  f o r  t h e  design flood of 10,000 c i s .  T t  i s  expected t h a t  

t h e  spur dike would s t i l l  funct ion  adequately t o  s t reaml ine  flow and thereby 

minimize scour and damage a t  t h e  br idge  f o r  flows of 10,000 c f s .  The 

r e s u l t a n t  cos t  of damage t o  t h e  spur  d ike  i s  expected t o  be r e l a t i v e l y  small  

when compared t o  the  cos t  of damage t o  t h e  s t r u c t u r e  o r  t o  t h e  c o s t  of 

providing ful l -depth scour p r o t e c t i o n .  

The t o t a l  scour depths f o r  t h e  flow of  22,500 c f s  were ca l cu la t ed  assuming 

t h e  proposed roadway would remain i n t a c t  and t h e  major i ty  of t h e  flow would 

pass  through t h e  br idge  opening. I f  a  breaching of t h e  ad jacent  roadway 

occurs a s  an t i cps t ed  f o r  flows i n  excess of 10,000 c f s ,  scour a t  the  br idge  

opening would not  be as  severe  as  ca l cu la t ed .  Bowever, damage t o  t h e  roadway 

embankment a t  t h e  bridge could s t i l l  occur with t h e  bank and scour p r o t e c t i o n  

proposed f o r  f lood flows over 10,000 c f s .  The bridge s t r u c t u r e ,  supported by 

p i l e  foundation, would be expected t o  surv ive .  Therefore,  a d d i t i o n a l  scour 

p r o t e c t i o n  f o r  t h e  22,500 c f s  d ischarge  was n o t  considered cos t - e f f ec t ive  and 

was not  included f o r  t h i s  design.  
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E X I S T I N G  C O N D I T I O P I S  

HEC2 RELEASE DRIED NW 76 WUATED llRHC 1982 
ERKUR CURH - 01, U2 .01.04 .U5 
MDDIFICRTION - 50.51.52.53 5 4  5 5  

i + i i ~ ~ i r i . i ~ ~ * t t ~ i i i i * ~ i i t i i t i ~ i i i ~ i i i i i ~ i * t * i i ~ ~ s  

NIITE- STERISK (*I AT LEFT OF CROSS-SECTION NUflUER INDICATES MESSRGE 1N SUPIMARY OF ERRORS LIST I 
I $UflflRRY PRINTOUT TABLE- I 

SECNO XLCH ELTRD E U C  ELMIN -t CRlWS Eti .01K STCHL STCHR UCH - 



PALE 5U A P P E N D I X  A 
E X I S T I N G  C O N D I T I O N S  (cont'd) 

UCH XLCH EL lRO ELLC ELHIN 
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PffiE 51 APPENDIX A 

EXISTING CONDITIONS (cant 'd) 

StW XLCH ELIRU ELLC UMlN U CWSEL CHlWS t 6  . U1K SlCHL SlCHR UCH 

12.523 12Y9.0U 0.00 0.00 442.60 5U00.UU 447.99 0.00 448.03 1719.75 9500.20 1039Y.8U 1.86 
12.523 1299.UU U.U0 U.UU 442.61 1UUUU.UU 449.43 U.UU 449.47 5Y25.51 Y5UU.20 lU599.8U 1.Y5 
12.523 12Y9.00 0.00 0.00 442.61 22501.00 451.39 0.00 451.44 9718.U5 950U.20 1U399.811 2.35 

12.7?? 1341.UO ' 0.U0 U.UU 443.40 5UUO.OU 449.60 U.U0 449.67 1145.Y2 9419.20 1UU86.30 2.37 
12.777 -1541.0U 0.00 0.00 443.41 1OOUU.OU 450.82 0.80 45U.91 2211.13 9479.20 1UUB6.30 2.91 
12.717 1541. U U  U.UO 0.UU 443.40 225UO.UU 452.55 0.UU 452.65 5486.52 Y419.20 lUU86.jU 5.64 

13.053 1457.00 0.00 0.00 445.00 5000.00 451.60 0.00 451.65 1568.91 YV1.50 18122.68 2.U4 
13.U53 1457.00 U.UU 0.UU 445.UO 1UUUU.UU 452.W U.UU 452.YY 3U88.84 YU?l.bU lUU2.6U 2.?5 
13.053 1457.00 0.00 0.00 445.00 22500.00 454.62 0.00 454.70 6603.68 9071.50 1U122.60 2.67 . 



PALt 51 APPENDIX A 
E X I S T I N G  CONDITIONS 



HUE 'I3 APPENDIX A 
EXISTING CONDITIONS (cont'd) 

OLUB WLH IIHU8 



NOTE- ASTERISK (3 )  AT LEFT OF CROSS-SECTION NLIMRER INDICFITES EiI2&2GE It! SllFll(lAW OF ERRORS I.IF,T APPENDIX B 
BRIDGE D E S I G N  

SUEIMRKY PRJNTOUT TABLE-\ 

STCHL. STCHR VCH SEC.NO XLCH ELSRD CRIWS 

SECNO XI-CH EI.TRD E1.I.C EC,VIIN (1 CWSEL CRXWS VGH 



APPENDIX B 
BRIDGE DESIGN 

6964.74 9873ejO 1102?.00 
14747-57 9873.30 10122tOO 

,01K STCHL STGNR VCH 

FAOE 47 
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A P P E N D I X  B 

SUMMARY PRINTOUT TABLE-2 BRIDGE' DESIGN . . 

SECNO CWSEL. DIFWSP LZIFEG DIFWSX SSTA STENCL TDPbJID STEI4CR E N M T  RLDR RCH RROR 

SECND CUSEL II IFUSP DIFEG DTFlJSX S F I ~ A  STENCI.. lDPWID STFNCR ENIJST nl..l!P OCH (IRUR 



- = m - = '  
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2.65 4.77 +35 8585.30 

APPENDIX B 
BRIDGE DESIGN 

(cont ' d )  
14791~22 6713.54 
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LILLL16S$S$$%L~LLIS*$'CLLYt1;'X.~~LX:c'X'XX%~$Vx'C'$LW$KX'X~$~ 
HEC2 RELEASE IIATED NOV 7 6  UPl1ATF.D MARC. 1 9 8 2  
ERROR GORR - 01r02r03r04705 
MOflJFICATION - 50r51r5?r53!54~55 

*X*S*LS**XLL*tSIS*L$kLX*Xf I'C*X*,frX;IrXW*4X~L**K$*w*~~. 
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A6UA CALIENTE ROAD BRIDGE 

Sfa ,  29+4Z50P/.V:C. Sfa. 33+ 975 E V.C. 
Sfa. 24 + 91 50 6'. I/. C. . 454.80 

PROFILE GRADE AT BRIDGE Prof I l e Grade GENERAL NOTES 

N T. S. 

1. CONSTRUCI'ION SHALL BE I N  ACCORDANCE WITH MAG UNIFOAM STANDARD SPECIFICATTONS 
FOR PUBLIC WORK CONSTRUCflON. 1 9 7 9  EDITION. REVISED TO DATE. 

2 .  DESIGN CONFORMS TO AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES. 1 9 8 3  
EDITION. REVISED TO DATE. 

3. SOILS REPORT: "GEOTECHNICAI: INVESTIGATION REPORT, AGUA CALIENTE ROAD BRIDGf 
OVER GILA RIVER. AGUA CALIENTS. ARIZONA," BY SERGENT. HAUSKINS, AND BECKWlTH 

5 Spuces @ 9'- 8" = 48'- 4" CONSULTING GEOTECHNICAL ENGINEERS; JOB NO. E85-128. DATED JANUARY 2 9 ,  1986. 

8" f o r C I P  Alfernaf~ve 
4 .  HIGHWAY LOADING CLASS = HS 20-44 + ALLOWANCE FOR FUTURE WS. 

Precust Prestressed T = 
G/rders A A SHTO 8" for Precusf Pone/ Alternufive 5. CONCRETE: CLASS AA. f 'C = 4,000 PSI; CLASS A,  f ' C  = 3 , 0 0 0  PSI. 

6 .  REINFORCING STEEL: A615,  GRADE 6 0 .  fs = 2 4 , 0 0 0  P S I .  

BE 28+/9 
TYPICAL SECTION 7 .  LAP SPLICE LENGTHS FOR REINFORCING STEEL NOT DIMENSIONED sWLL BE 4 5  

DIAMETERS OF SMALL BAR LAPPED. 
SCALE.  I"= 10' 

8. ALL HOOKS FOR REINFORCING STEEL SHALL BE ACI STANDARD HOOKS UNLESS OTHERWISE 
NOTED. 

9. DIMENSIONS SHALL NOT BE SCALED FRW DRAWINGS. 

10. ALL EXPOSED CORNERS SHALL BE CHAMFEREE 3 / 4 "  UNLESS OTHERWISE NOTED. 

11. THE DESIGN DOWNWARD LOAD FOR THE DRILLED PIER SHAFTS I S  7 0 0  KIPS/SHAFT. FQR 
THE ABUTMENT S~AFTS THE DESIGN DOWNWARD LOAD IS 440  KIPS/SHAFT. 

Brass Cap furnished 
By M C H.D. and 5ef 
By Confracfor PLAN 

SCALE: 1"=201 

TYPICAL PIER RIP-RAP 
SCALE* I"= 10' 
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