
Sa vin g  a  St ru c t u re
In n o va t io n s  in  St re n g t h e n in g  a n d  P ro t e c t io n
Le sso n s from  t h e  I-10  Bro a d w a y Cu rve  a t  W e st e rn  Ca n a l
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Ca n a l

At  a  Gla n ce

2

P re s e n t a t io n  Ove rvie w

P ro je c t  In t ro d u c t io n  a n d  Ne e d

Se rvic e a b ilit y  Co n s id e ra t io n s

St re n g t h  Co n s id e ra t io n s  
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P ro je c t  Lo c a t io n  a n d  P ro je c t  Ne e d

1. Lo c a t e d  s o u t h  o f US-6 0  a c ro s s  I-10  in  P h o e n ix, AZ

2. ADOT I-10  Bro a d w a y Cu rve  P ro je c t
a . Exis t in g  2-ce ll re in fo rce d  co n c re t e  b o x cu lve rt

b . Ac t ive  Ca n a l m a n a g e d  b y Sa lt  Rive r P ro je c t

c . Ad d in g  Ge n e ra l P u rp o se  La n e s

d . Ad d in g  Co lle c t o r-Dist rib u t o r Ro a d s

e . To t a l o f 3 n e w  c ro ss in g s, 5 la n e s
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His t o ry o f W e s t e rn  Ca n a l

1. Orig in a lly Bu ilt  in  19 6 4

2. 1s t Ext e n s io n  in  19 6 7

3. 2n d  Ext e n s io n  in  19 9 3
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His t o ry o f W e s t e rn  Ca n a l

1. Sig n s  o f Co rro s io n  id e n t ifie d  d u rin g  
a  ro u t in e  s t ru c t u ra l in s p e c t io n  in  20 17
a . Are a s  o f De la m in a t ion
b . Sp o ra d ic  c ra ckin g  t h ro u g h o u t
c . Ma jo rit y o f d e t e rio ra t ion  in  so ffit  

o f t o p  s la b

2. ADOT w o rk e d  w it h  SRP  
t o  re h a b ilit a t e  t h e  b o xe s
a . Re m o ve d  d e t e rio ra t e d  co n c re t e
b . Ap p lie d  Zin c  co a t in g  t o  e xp o se d  

re in fo rce m e n t
c . Re p la ce d  se ve re ly d e t e rio ra t e d  

re in fo rce m e n t
d . Ap p lie d  sh o t c re t e  g ro u t  t o  

re s t o re  o rig in a l se c t io n
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W e s t e rn  Ca n a l Id e n t ifie d  a s  Hig h  Ris k

I-10  Bro a d w a y  Cu rv e  is  a  P 3  P ro c u re m e n t

A k e y c r it e r ia  o n  P 3 P ro je c t s  is  h o w  w e ll a  p a rt y 
c a n  EVALUATE, SHIFT, o r  P RICE r is k   in  d e s ig n  o r  
c o n s t ru c t io n .

Ris k  w a s  a s s e s s e d  a n d  e va lu a t e d  d u rin g  
p ro c u re m e n t  a n d  id e n t ifie d :

1. W e s t e r  Ca n a l is  o w n e d  b y a  Th ird  P a rt y
A. Re q u ire s  Th ird  P a rt y Ap p ro va ls

2. Co rro s io n  is  a  p ro g re s s ive  c o n d it io n
A. Co n t in u e s  t o  w o rse n  o ve r t im e

3. Lo c a t io n  im p a c t  e n t ire t y o f m a in lin e  I-10
A. Sig n ifica n t  im p a c t  t o  MOT/P h a sin g
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Ap p ro a c h  t o  Ris k

ADO T m a d e  t h e  d e c is io n  t o  Ac c e p t  
t h e  r is k  a n d  w o rk  w it h  SRP  o n  a  

s o lu t io n .

Is s u e s  in d ic a t e  t w o  c o n c u rre n t  
c o n c e rn s :

SERVICEABILITY
Fa c t o rs  in c lu d in g  d u ra b ilit y, 

s t a b ilit y, c ra c k in g , a n d  s p a llin g . 
No t  re la t e d  t o  s t re n g t h .

STRENGTH
Fa c t o rs  re la t in g  d ire c t ly t o  a b ilit y 
o f s t ru c t u re  t o  c a rry a p p lie d  lo a d s  

im p o s e d  o n  t h e  s t ru c t u re .

REP LACE

SAVE

?Ne e d  t o  t re a t  b o t h  
is s u e s  if w e  a re  t o  
s a ve  t h e  s t ru c t u re !



Se rvice a b ilit y Co n sid e ra t io n s
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Me c h a n is m  o f Co rro s io n
Se rvic e a b ilit y c o n c e rn s  w e re  d rive n  b y c o rro s io n .

1. Ele c t r ic a l re s p o n s e  t o  e n viro n m e n t
a . St e e l co n t rib u t e s  e le c t ro n s t o  w a t e r va p o r a n d  o xyg e n
b . Re su lt in g  h yd ro xid e  co m b in e s w it h  fre e  iro n
c . Re su lt s  in  ru st  b u ild -u p  a n d  se c t io n  lo ss

2. Re q u ire m e n t s
a . Oxyg e n
b . W a t e r so u rce  (Ca t h o d e )
c . Do n o r Ma t e ria l (An o d e )
d . Ele c t rica l P o t e n t ia l

Co u rt e sy o f “h t t p s ://w w w .ce m e n t .o rg /le a rn /co n c re t e -t e ch n olo g y/d u ra b ilit y/co rro sion -o f-e m b e d d e d -m a te ria ls”
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Me c h a n is m  o f Co rro s io n

1. Re s p o n s e  in  Fre s h  Co n c re t e
a . Co n cre t e  is  Alka lin e  (h ig h  p H)
b . In it ia l P ro t e c t ive  “P a ssive ” Co a t in g

2. De t e r io ra t io n  o ve r  t im e
a . Ch lo rid e s a n d  Ca rb o n iza t ion  re d u c in g  p H
b . Cra cks  fo rm  a llo w in g  w a t e r/o xyg e n  in t ru sio n
c . Re su lt s  in  m o re  c ra cks  a n d  sp a lls

Co u rt e sy o f “h t t p s ://t h e co n st ru c t or.o rg /co n c re t e /co rro sio n -st e e l-re in fo rce m e n t -con c re t e /6179/”

Co u rt e sy o f “h t t p s ://w w w .ce m e n t .o rg /le a rn /co n c re t e t e ch n o lo g y/d u ra b ilit y/
co rro s io n -o f-e m b e d d e d -m a te ria ls”
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Gro u n d  P e n e t ra t in g  Ra d a r
• Con firm e d  re in fo rce m e n t  sp a c in g  

w it h  Re co rd  Dra w in g s
• Exce p t ion - 2n d Ext e n sion  

lon g it u d in a l re in fo rce m e n t  a b ove  
t ra n sve rse  la ye r

• Cove r is  w it h in  t yp ica l con st ru c t ion  
t o le ra n ce s fo r cu rre n t  RCBC 
con st ru c t ion  p ra c t ice s  (ADOT SD 6  
Se rie s)

• Corrosion  P o t e n t ia l b a se d  
on  t h re sh o ld
• 90 % sh ow s low  p o t e n t ia l
• 10 % m od e ra t e  t o  h ig h  a t  w a ll/so ffit
• Low  p o t e n t ia l like ly d u e  t o  a rid  c lim a t e

• Corrosion  P o t e n t ia l b a se d  on  De lt a s
• Hig h e r va lu e s  o f co rro sion  p o t e n t ia l
• Con ce n t ra t e d  in  w a lls  a n d  w a ll/so ffit
• 4 3% t o  99% a b ove  t h re sh o ld  in  w a lls

• Hig h  p o t e n t ia l con sid e re d  in d ica t o r o f like ly 
co rro sion  in  n e xt  6  ye a rs

Co rro s io n  P o t e n t ia l
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Ch lo rid e  P e n e t ra t io n

Ch lo rid e  P e n e t ra t io n
• Ch lo rid e  low e rs  p H in c re a sin g  p o t e n t ia l

• Soffit  in d ica t e d  m in im a l ch lo rid e  
p e n e t ra t ion

• W a lls  in d ica t e  su it a b le  ch lo rid e  le ve ls  fo r 
co rro sion
• Like ly d u e  t o  ch lo rid e s  in  t h e  w a t e r 

w h ich  le a ch  in t o  w a lls  d u rin g  
sa t u ra t ion

• Dye  t e st  in d ica t e s  p re se n ce  
o f ca rb on a t ion

• Ca rb on a t ion  low e rs  con c re t e  p H

• No ca rb on a t ion  d e t e c t e d  in  t e s t in g

Ca rb o n a t io n  Te s t in g
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In ve s t ig a t io n  Co n c lu s io n s

1. Sp a c in g  a n d  c o ve r  o f re in fo rc e m e n t  g e n e ra lly  a g re e d  
w it h  a s -b u ilt  c o n d it io n s

2. Co rro s io n  p o t e n t ia l in  w a lls  is  m o d e ra t e  t o  h ig h
a . Ch lo rid e  co n ce n t ra t ion  is  e le va t e d  in  w a lls
b . 4 3% t o  99% is  like ly in  a c t ive  co rro sion
c . Su b m e rg e d  se c t io n  lo w e r like lih o o d  o f co rro sion

3. Co rro s io n  p o t e n t ia l in  s o ffit  is  g e n e ra lly  lo w  w it h  s o m e  
m o d e ra t e  t o  h ig h
a . Lo w  le ve ls  o f ch lo rid e s
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Re c o m m e n d a t io n  Op t io n s
1. No  Mit ig a t io n , Ba s e  Re p a irs  a s  n e e d e d

a . Tre a t s  t h e  sym p t o m , n o t  t h e  ca u se
b . Re p a ir a re a  a n d  fre q u e n cy like ly t o  in c re a se
c . Lo n g -t e rm  d e g ra d a t io n  o f re in fo rce m e n t

2. Ca t h o d ic  P ro t e c t io n
a . Mit ig a t e s  co rro sio n  in  re in fo rce m e n t  b y p ro vid in g  sa c rific ia l a n o d e
b . P ro vid e s lo n g -t e rm  p ro t e c t io n
c . Is  re p la ce a b le  fo r co n t in u e d  p ro t e c t io n

3. Ch lo r id e  Ext ra c t io n
a . En h a n ce s p a ssivit y o f co n cre t e
b . No t  re co m m e n d e d  d u e  t o  lo n g  d e -w a t e rin g  re q u ire m e n t s

4 . Se a la n t s  a n d  Lin e rs
a . No t  re co m m e n d e d  a s  it  se a ls  in  m o ist u re  a n d  h id e s d e t e rio ra t io n
b . Se a la n t s  h a ve  q u e st io n a b le  life  in  sa t u ra t e d  co n d it io n s
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Re c o m m e n d a t io n s  fo r Se rvic e a b ilit y

1. Us e  c o m b in a t io n  o f Ba s e  Re p a irs  a n d  Ca t h o d ic  P ro t e c t io n
a . P o t e n t ia l m a p s ca n  id e n t ify co rro sio n  a re a s m isse d  in  la st  re p a ir
b . Re p a ir sp a lle d  a n d  d e la m in a t e d  a re a s
c . On g o in g  ADOT in sp e c t io n s o n  4 -ye a r cyc le  t o  o b se rve  co n d it io n

2. Ca t h o d ic  P ro t e c t io n  (Bu lk  An o d e s ) in  W a lls
a . Bu lk An o d e s in  t h e  w a lls , re q u ire s  sa t u ra t e d  co n cre t e
b . On ly a p p lica b le  t o  t h e  w a lls
c . 20 −30  ye a r se rvice  life , re p la ce a b le

3. Ca t h o d ic  P ro t e c t io n  
(Drille d  An o d e s ) in  So ffit
a . In st a ll in  a re a s w it h  m o d e ra t e  

t o  h ig h  co rro sio n  p o t e n t ia l
b . Mo re  ca n  b e  a d d e d  in  fu t u re  

if n e e d e d
c . 20 −25 ye a r se rvice  life
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Re c o m m e n d a t io n s  fo r Se rvic e a b ilit y

Co u rt e sy o f Ve c t o r Co rro s io n  Se rvice s
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Re c o m m e n d a t io n s  fo r Se rvic e a b ilit y

Co u rt e sy o f Ve c t o r Co rro s io n  Se rvice s
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Eva lu a t io n  Ap p ro a c h

• Eva lu a t ion  Me t h o d s
• AASHTOW a re  BrR

• Ha n d  Ca lcu la t ion s

• Flo rid a  Box De sig n

• Exist in g  Lo a d  Ra t in g
• Orig in a l
• 1st  Ext e n sion
• 2n d  Ext e n sion

• P o st -St re n g t h e n in g  
Lo a d  Ra t in g

• SRP  CONDOR Tru ck 
Eva lu a t ion
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P rog ra m s re p o rt e d  
d iffe re n ce s in  
n e g a t ive  a n d  p osit ive  
m om e n t s .

Ap p e a re d  t o  b e  t ie d  
t o  s t iffn e ss  o f w a ll t o  
s la b  con n e c t ion s 
a ssu m e d  w it h in  
p rog ra m s

W e s t e rn  
Ca n a l 

St re n g t h  
Con sid e ra t ion s

Loa d  Ra t in g s



St re n g t h e n in g  Ap p ro a c h

• W o rk n e e d e d  t o  b e  a cco m p lish e d  fro m  in sid e  t h e  b o x ce ll

• Ne e d e d  t o  in c re a se  p o sit ive  m o m e n t   FRP  Syst e m s

• Ne e d e d  t o  in c re a se  n e g a t ive  m o m e n t   De e p e n  “b e a m ” u sin g  fille t

St re n g t h e n in g  Ap p ro a c h  
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Alt e rn a t ive  
a p p ro a c h : 

Allow  n e g a t ive  
m om e n t  re g ion  
t o  h in g e , a n d  on ly 
s t re n g t h e n  p osit ive  
m om e n t  re g ion .



Fille t  St re n g t h e n in g
• In c re a se  d e p t h  t o  re in fo rce m e n t
• Re q u ire s  co m p o sit e  a c t io n
• Im p ro ve s  Ne g a t ive  Mo m e n t  Ca p a c it y
• Im p ro ve s  Sh e a r Ca p a c ity

24

St re n g t h e n in g  Ap p ro a c h  – Ne g a t ive  Mo m e n t  
Re g io n
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- Mom e n t  Re g ionRe g ion
- Mom e n t



FRP  Sys t e m s
• Fib e r Re in fo rce d  P o lym e rs
• In c re a se s “Re in fo rce m e n t ”
• Im p ro ve s  P o sit ive  Mo m e n t  Ca p a c it y
• In st a lle d  fro m  b e lo w  t o p  s la b

St re n g t h e n in g  Ap p ro a c h  – P o s it ive  Mo m e n t  
Re g io n

+ Mom e n t  Re g ion
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• A P o lym e r (i.e . e p o xy, vin yl e s t e r, e t c .) 
t h a t  h a s  b e e n  re in fo rce d  w it h  a  Fib e r 
(e .g . ca rb o n ,  g la ss , e t c .)

• FRP  is  n o n -h o m og e n e ou s. 

• FRP  d o e s  n o t  h a ve  t h e  sa m e  s t re n g t h  in  
a ll d ire c t io n s; t h e se  t yp e s  o f m a t e ria ls  
a re  ca lle d  a n iso t rop ic .

Fib e r Re in fo rc e d  P o lym e r (FRP )

P olym e r Re sin  Ma t rix

Re in fo rc in g  Fib e r (Gla ss , 
Ca rb on , Ke vla r, e t c .)

In t e rp h a se  Cou p lin g  
Ag e n t



P o s t  Co n s t ru c t io n  Lo a d  Ra t in g s

• It e ra t ive  P ro ce ss

• Ext e rio r W a ll

• Bo t t o m  Sla b

27

St re n g t h e n in g  Ap p ro a c hW e s t e rn  
Ca n a l 

St re n g t h  
Con sid e ra t ion

s
St re n g t h e n in g



St
re

n
g

th
en

in
g

 A
p

p
ro

ac
h

 
Fi

n
al

 P
la

n
 S

h
ee

ts

28

W e s t e rn  
Ca n a l 

St re n g t h  
Con sid e ra t ion

s
St re n g t h e n in g



29

W e s t e rn  
Ca n a l 

St re n g t h  
Con sid e ra t ion

s
St re n g t h e n in g



30

Co n c lu s io n s

1. Ba s e  Sc h e d u le  No ve m b e r 20 20  
t o  Ma rc h  20 21 
a . Ag g re ssive  Sch e d u le
b . FRP  Co n st ru c t io n  w it h  Ve c t o r Co rro sio n  Se rvice s Se le c t e d
c . Sa lt  Rive r P ro je c t  (Ow n e r) Ma n a g e d  

t h e  Co n st ru c t io n
d . W SP  a n d  VCS p ro vid e d  P o st  De sig n  Se rvice s t h ro u g h  ADOT

2. Ba s e  Re p a irs  – P la n  Vs  Re a lit y

W e s t e rn  
Ca n a l 

Con c lu sion s

• Repairs took 2 ½ months and $1.3M
• Estimated replacement cost $25M
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Th a n k  Yo u !
ADOT P ro je c t  Te a m
ADOT P ro je c t  Ma n a g e r – Am y Rit z
ADOT Brid g e  Ma n a g e r – Da ve  Be n t o n , P E
ADOT Brid g e  En g in e e r – No o n  Vib o o lm a t e , P E
ADOT De sig n  Ma n a g e r- St e ve  Mish le r, P E

SRP  Irr ig a t io n  Te a m
SRP  P ro je c t  Ma n a g e r – Jo rg e  Ga rc ia , P E
SRP  St ru c t u ra l En g in e e r - Ku l Ch ib b e r, P E

W SP  De s ig n  Te a m
W SP  P ro je c t  Ma n a g e r – Be cky Fly, P E
En g in e e r o f Re co rd  – Ja so n  Ca rla ft e s , P E, SE
Se n io r St ru c t u ra l En g in e e r – An g ie  Ga lie t t i, P E
Le a d  De sig n e r – La u re n  Sw ia t ko w ski, EIT
VCS Se rvice s – Bria n  P a ile s , P h D, P E

FRP  Co n s t ru c t io n  Te a m  |  Qu a k e W ra p  De s ig n  Te a m
P ro je c t  Ma n a g e r – Tra vis  Ma t t so n , P E
FRP  De sig n  En g in e e r – Mo  Eh sa n i, P h D, P E
Ve c t o r Co rro sio n  – Rick Ellin g so n , P E

Qu e s t io n s ?

W e s t e rn  
Ca n a l
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