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Overview

— Design Life con ce p t s
— In flu e n ce s a n d  lim ita t ion s on  d e sig n /se rvice  life
— Ap p roa ch e s to  Se rvice  Life  De sig n

— Environment
— Deterioration Mechanisms
— Design Strategies

— Im p le m e n ta t ion  a n d  th e  Ro le  o f Qu a lity Assu ra n ce
— Som e  sim p le  e xa m p le s/le sson s le a rn e d
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Sustainability and Durability

Su sta in a b ility - a vo id in g  th e  d e p le t ion  o f n a tu ra l re sou rce s; 
m e e t in g  cu rre n t  n e e d s w ith ou t  com p rom isin g  
th e  a b ility to  m e e t  fu tu re  n e e d s.

— economic, environmental, and social

Du ra b ility - a b ility o f a  p h ysica l p rod u c t  to  re m a in  fu n c t ion a l, 
w ith ou t  re q u irin g  e xce ssive  m a in te n a n ce  o r 
re p a ir, w h e n  fa ce d  w ith  th e  ch a lle n g e s o f n o rm a l 
op e ra t ion  ove r it s d e sig n  life t im e .

Concepts related to Design Life
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Service Life
Th e  p e riod  o f t im e  th a t  a  st ru c tu re  is e xp e c te d  to  b e  in  
op e ra t ion , ove r w h ich  a  st ru c tu re  is in t e n d e d  to  p e rfo rm  
it s fu n c t ion  w ith ou t  m a jo r re p a ir
Design Life
Pe riod  o f t im e  on  w h ich  th e  st a t ist ica l d e riva t ion  o f 
t ra n sie n t  loa d s is b a se d  (AASHTO LRFD)

Cod e s u su a lly d e fin e  d e sig n  life  th a t  im p lie s a  p a rt icu la r 
se rvice  life  re g a rd e d  b y soc ie ty a s a cce p ta b le

Cod e -b a se d  d e sig n  life  va lu e s a re  b a se d  on  g e n e ra l 
u n d e rst a n d in g s o f st ru c tu ra l b e h a vio r a n d  re lia b ility, 
m a te ria l p e rfo rm a n ce  a n d  con st ru c t ion  q u a lity

Service Life and Design Life
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De sig n  life , sp e c ific  o r im p lie d , is u se d  to  g u id e  d e sig n  a n d  
con st ru c t ion , o ft e n  b y d e fin in g  limit states

Se rvice  LS, Ult im a te  LS, …and now Durability LS

Caveat Emptor - No g u a ra n te e  th a t  sim p ly fo llow in g  
st a n d a rd s e n su re s th e  im p lie d  d e sig n  life  w ill b e  a ch ie ve d  
w ith ou t  m a in te n a n ce  o r re h a b ilit a t ion  ove r th e  life  o f th e  
st ru c tu re

On ce  th e  d e sig n  life  is re a ch e d , st ru c tu re s a re  n o t  
a u tom a t ica lly re p la ce d  o r d e com m ission e d ; m a n y st a y in  
se rvice  fo r m u ch  lon g e r. 

Service Life and Design Life
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Se rvice  life  d e sig n  con sid e rs:
• in it ia l cost  o f c re a t in g  th e  st ru c tu re
• e xp e c te d  se rvice  life  o f syste m  a n d  com p on e n t s
• lon g -te rm  cost  o f m a in ta in in g  a n d  re p a irin g  
• re p la ce m e n t  cost

"Lon g  d e sig n  life " d oe s n o t  m e a n  "m a in te n a n ce -fre e "

Design for Service Life
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What influences Service Life?

Ab ility to  a ch ie ve  a  t a rg e t  Design Life is 
in flu e n ce d  b y:
 Type
 Source
 Handling
 Design details
 Fabrication
 Maintenance
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Doing what we can with what we have

Inherent risks
• Lon g e r t a rg e t  d e sig n  life  o ft e n  re q u ire s th a t  w e  

e xt ra p o la te  w h a t  w e  kn ow
• We  u se  m a te ria ls to  a ch ie ve  lon g e r live s th a n  ou r cu rre n t  

e xp e rie n ce  w ith  th ose  m a te ria ls
• We  u se  m od e ls to  p ro je c t  p e riod s th a t  a re  o rd e rs o f 

m a g n itu d e  g re a te r th a n  th e  u n d e rlyin g  re se a rch  u se d  to  
e st a b lish  th e  m od e ls

Limitations in Service Life Design
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De sig n  p roce ss fo r a d d re ssin g  d u ra b ility:
1. De fin e  th e  ch a ra c te rist ic s o f th e  environment
2. Id e n t ify th e  p o te n t ia l deterioration mechanisms in  th a t  

e n viron m e n t
3. De te rm in e  th e  like ly rate of deterioration
4. Asse ss th e  material life
5 . De fin e  th e  m a te ria l performance requirements
6 . Ta ke  a  probabilistic approach t o  th e  va ria b ility o f th e  

re le va n t  p a ra m e te rs
7. Assess a n d  d e fin e  th e  n e e d  fo r fu rth e r p ro te c t ion

How does one approach Service Life Design
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Fo r st ru c tu re  a s a  w h o le , th e  macro -environment
— Stru c tu ra l Loa d s

— Magnitude, type and timing of permanent loads
— Magnitude and frequency of transient loads

— Exp osu re  Zon e s
— Rural/Mild/Nonaggressive
— Industrial/Moderate
— Marine
— Deicing
— Buried

Understand the environment
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Micro environment
— Bu rie d  zon e
— Su b m e rg e d  zon e
— Tid a l zon e /Wa te r Le ve l zon e
— Dire c t  d e ic in g  Sa lt s zon e
— In d ire c t  De ic in g  Sa lt s zon e
— Atm osp h e ric  zon e
— In te rio r
— Oth e r Exte rio r

Understand the environment

Sou rce : from  NCHRP We b -On ly Docu m e n t  26 9  (20 19 )
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Deterioration Mechanisms

Reinforced Concrete
— re in fo rce m e n t  co rrosion

— chloride 
— carbonation, 

— su lfa t e  a t t a ck 
— m icrob io log ica l a t t a ck 
— a lka li-a g g re g a te  re a c t ion
— th e rm a l c ra ckin g
— fre e zin g -a n d -th a w in g

Structural Steel
— Corrosion
— Fa t ig u e  

— Residual weld stresses

High -strength steel wire 
(prestressing/post -tensioning)
— Corrosion

— Chloride 
— Carbonation -induced 
— Concentration gradients 

(e.g., pH, voids in grout)
— Stress-corrosion

— Hyd rog e n  e m b rit t le m e n t

Polymer composites
— UV d e g ra d a t ion /ch a lkin g
— Moistu re  u p ta ke
— Oxid a t ion /e m b rit t le m e n t
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P rovid e  m e a n s fo r st ru c tu re  t o  w ith st a n d  e n viron m e n t  a n d  loa d s 
w ith ou t  re a ch in g  lim it  st a t e s d u rin g  th e  t a rg e t  se rvice  life , b y: 
• se le c t in g /sp e c ifyin g  materials w ith  su ffic ie n t  d u ra b ilit y t o  

w ith st a n d  d e t e rio ra t ion  th rou g h  th e  d e sig n  se rvice  life  
• p rovid in g  protective systems (e .g . re in fo rce m e n t  coa t in g , 

m e m b ra n e s, ove rla ys, st e e l coa t in g s, jo in t s, a n d  scu p p e rs) 
• p rovid in g  dimensions and details t o  re d u ce  th e  ra t e  o f 

d e t e rio ra t ion  (e .g . cove r d im e n sion , re in fo rce m e n t  size , a n d  
re in fo rce m e n t  sp a c in g )

• sp e c ifyin g  shorter service life for specific elements a n d  
p la n n in g  fo r t h e ir re p la ce m e n t  (e .g . jo in t s, b e a rin g s, scu p p e rs, 
a n d  t ra ffic  b a rrie rs)

Remove vulnerability of a  st ru c tu re  t o  d e t e rio ra t ion

Strategies to Design for Service Life
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Design Approaches

• Fu ll P rob a b ilist ic
• Pa rt ia l fa c to r 
• De e m e d -to -sa t isfy

• Avoid a n ce

Service Life Design

Ap p roa ch e s con sid e re d  in  ISO 16 20 4, fib 34, a n d  NCHRP WOD 26 9
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Full probabilistic method – re lia b ility in d ice s o f sp e c ific  
lim it  st a t e s a re  e xp lic it ly com p u te d  d u rin g  th e  d e sig n  
p roce ss u sin g  d e te rio ra t ion  m od e ls

Fu ll P rob a b ilist ic  Mod e ls e xist  fo r:
• Corrosion  o f re in fo rce d  con cre te

• Chloride -induced
• Carbonation -induced

• Fre e ze -th a w  d a m a g e  o f con cre te
• Fa t ig u e  o f m e ta ls (e sp . st e e l)

Service Life Design

Model for chloride diffusion into 
concrete based on Fick’s Law
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• Partial factor – p a rt ia l sa fe ty fa c to rs (e .g . loa d  a n d  
re sist a n ce  fa c to rs) a re  a llow  d e sig n e rs to  e va lu a te  lim it  
st a t e s g ive n  sp e c ific  t a rg e t  re lia b ility in d ice s d u rin g  th e  
d e sig n  p roce ss. 
• Partial factors are derived from full probabilistic data, similar to 

AASHTO LRFD for structural design. 
• Deemed -to -Satisfy – p rovid e s d e sig n e rs w ith  a  se t  o f 

p re sc rip t ive  re q u ire m e n ts w h ich , if fo llow e d , sh ou ld  
p rod u ce  a  b rid g e  w ith  a  se rvice  life  a b ove  th e  m in im u m  
sp e c ifie d  (fo r a ssu m e d  re lia b ility in d ice s)
• Deemed -to -satisfy is most common, often driven by inability to 

define precise limit states and lack of reliable models of 
deterioration mechanisms.

Service Life Design
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Deemed -to -satisfy 
Crit e ria  m a y b e  g e n e ra l fo r a n  e le m e n t  o r fo r sp e c ific  d e t e rio ra t ion  m e ch a n ism s. 

• Con cre t e  m a te ria l sp e c ifica t ion s – a cce p ta b le  t yp e s c la sse s o f con st it u e n t s

• Mix d e sig n  - w /cm , ce m e n t  con te n t , com p re ssive  st re n g th , a ir con te n t , e t c . 

• Con cre t e  cove r d im e n sion s 

• Cra ck con t ro l a p p roa ch e s – re b a r size s a n d  sp a c in g  

• Coa t in g s – st e e l coa t in g s, m e m b ra n e s/ove rla ys fo r con cre t e  

• Re p la ce a b le  e le m e n t s 

“De e m e d -to -sa t isfy” p rovision s a re  u su a lly t ie re d , w ith  m ore  st rin g e n t  p rovision s 
ke ye d  to  h a rsh e r e xp osu re  c la sse s.

Service Life Design
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Replaceable Elements
Most  com m on : 
• Be a rin g s
• Exp a n sion  jo in t s
• Ra ilin g s/p a ra p e t s/b a rrie rs
Ma y in c lu d e : 
• Ca b le s, st a ys, h a n g e rs
• An ch ora g e s a n d  t e n d on s
Also :
• We a r su rfa ce s, ove rla ys, m e m b ra n e s
• Dra in a g e  e le m e n t s
• Pa in t  syst e m s

Service Life Design

Sou rce : from  NCHRP We b -On ly Docu m e n t  26 9  (20 19 )
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Avoidance
Re m ove  vu ln e ra b ility b y:
• re m ova l o f vu ln e ra b le  d e ta ils 

(e .g ., jo in t  e lim in a t ion ) 

• u se  o f co rrosion  re sist a n t  m a te ria ls (e .g ., st a in le ss st e e ls).

Strategies to Design for Service Life

Sta in le ss st e e l re in fo rce m e n t Ca rb on -fib e r re in fo rce d  p o lym e r st ra n d

Sou rce : from  Virg in ia  DOT Ma n u a l o f t h e  St ru c tu re  & Brid g e  Division , Ch a p te r 32 (20 18 )
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It’s a team effort!
• Du ra b ility m u st  b e  a p p lie d  d ilig e n t ly a n d  con t in u ou sly 

th rou g h ou t  th e  p roce ss o f d e sig n , con st ru c t ion  a n d  
th rou g h ou t  th e  m a in te n a n ce  p e riod

• Ca n n o t  in  con st ru c t ion  in voke  "in d u st ry st a n d a rd " 
p ra c t ice  o r le ve l o f ca re  a s th e  b a r fo r p e rfo rm a n ce  if th a t  
st a n d a rd  w a s n o t  d e ve lop e d  to  su p p ort  th e  t a rg e t  d e sig n  
life .

• Focu s th e  d e sig n  a n d  con st ru c t ion  t e a m  to  g o  b e yon d  
th e  st a n d a rd  d u ra b ility re sp on se , to  e xp lo re  n e w  m e a n s 
o f a ch ie vin g  a n  e xte n d e d  se rvice  life  a n d  a ch ie ve  a  h ig h e r 
le ve l o f p e rfo rm a n ce .

Implementation of 100 -year Service Life
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Quality Assurance is a  ke y fa c to r in  su cce ssfu l 
im p le m e n ta t ion  o f se rvice  life  d e sig n
• Ma te ria ls q u a lifica t ion  a n d  a cce p ta n ce
• Fa b rica t ion  a n d  h a n d lin g
• Ere c t ion  a n d  P la ce m e n t
• Su rfa ce  p re p a ra t ion
• Post -con st ru c t ion  ve rifica t ion

Qu a lity Assu ra n ce  is c rit ica l in  e n su rin g  th e  m a te ria ls 
sp e c ifie d  a re  fa b rica te d , d e live re d  a n d  p la ce d  in  a  m e th od  
th a t  su sta in s th e  in te g rity o f th e  d e sig n .

How does Quality Assurance play a role?
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De sig n  p a ra m e te rs in c lu d e  con cre te  con st itu e n t  m a te ria ls 
q u a lity, re in fo rce m e n t  typ e  a n d  d e ta ilin g , a n d  som e t im e s 
p ro te c t ive  syste m s (coa t in g s, se a le rs a n d  ove rla ys)
Key Steps: Qu a lify a  m ixtu re  d e sig n , e n su re  it  is p la ce d  
p rop e rly a n d  h a s a p p rop ria t e  in -situ  ch a ra c te rist ic s

Qualification:
• Scre e n /ce rt ify m a te ria ls (a vo id  AAR, d a m a g e d  b a rs, e t c .)
• Eva lu a te  m ix fo r p e rfo rm a n ce  p a ra m e te rs

• Fresh properties
• Hardened properties

QA to achieve 100 -year Design: Concrete
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Construction: QA ro le  is c rit ica l in  e n su rin g  con cre te  
m a te ria l q u a lity a n d  to  a vo id  com p rom isin g  th e  d e sig n
…b e yon d  slu m p /flow , a ir con te n t  a n d  com p re ssive  st re n g th , 
fa c to rs in c lu d e :
• Pe rm e a b ility (re sist ivity a s su rrog a te )
• Sh rin ka g e  a n d  c re e p  (con t ro l w /cm  & p a ste  con te n t )
• He a t  o f h yd ra t ion  / Th e rm a l st re ss (coo lin g /low  h e a t  m ix)
• Con so lid a t ion a n d  Fin ish in g
• Prop e r cu rin g  (m e th od  a n d  d u ra t ion , a cce le ra te d  cu rin g )

QA to achieve 100 -year Design: Concrete
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Assu re  e le m e n t s con fo rm  to  d e sig n  a n d  sh op  d ra w in g s 
to  a vo id  e rro rs in  fa b rica t ion  a n d  con st ru c t ion
• Corre c t  m a te ria ls w ith  ce rt ifica t ion s
• Corre c t  d im e n sion s, ca m b e rs, con n e c t ion s, fit -u p
• Qu a lity o f w e ld s (p rop e r p e n e t ra t ion , n o  in c lu sion s, 

m in im ize  re sid u a l  st re sse s)
• Prop e r a sse m b ly a n d  t ig h te n in g  o f m e ch a n ica l 

con n e c t ion s
• Prop e r su rfa ce  p re p a ra t ion  a n d  coa t in g s a p p lica t ion  

(p a in t , HDG, m e ta lizin g )
Fa b rica t e d  e le m e n t s m u st  b e  h a n d le d  e re c t e d  to  a vo id  
d a m a g e  to  e le m e n t s o r p ro t e c t ive  syst e m s

QA to achieve 100 -year Design: Steel
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Qu a lity a ssu ra n ce  fo r p re st re ssin g  a n d  p ost -t e n sion in g  
re q u ire s con t ro ls on  h ig h -st re n g th  st ra n d  a n d  e n ca p su la t ion  
syste m s
• St ra n d  m a te ria ls ce rt ifica t ion /ve rifica t ion
• Mon ito rin g  o f t e n sion in g  op e ra t ion s
• Prop e r p la ce m e n t /cu rin g  o f con c re te
• Sh ip p in g  a n d  h a n d lin g  o f p re ca st  e le m e n t s
• P/T d u c t  in te g rity (a n ch ora g e , d u c t , cou p le rs, 

g rou t  tu b e s & ve n t s)
• Grou t /fille r in t e g rity (m a te ria ls, p u m p in g , n o  vo id s/se g re g a t ion )
• Pro te c t ion  (e n d  ca p s, w a te rp roo fin g  o f a n ch o ra g e s)
• Post -fa b rica t ion  sc re e n in g  fo r c ra ckin g /vo id s

QA to achieve 100 -year Design: Prestressed and 
Post -tensioned Concrete



QA Example: GPR Cover Depth Survey of Deck

GPR survey of top mat reinforcement
• 1.6 GHz ground couple antenna and GPR system. 
• Longitudinal scans at 5 -ft intervals; 60 scans per ft 
• Top -mat transverse bars were identified 

and the depth calculated 
GPR d e p th s co rre la t e d  to  p a ch om e te r o r d rill 
p rob e  d e p th s a t  d isc re te  loca t ion s.



QA Example: GPR Cover Depth Survey of Deck

How does this knowledge aid in achieving service life?
What QA would you suggest to prevent this?



QA Example –Impact Echo to Assess Deck Thickness

Construction QA:
Two simple -span, ~80 -ft concrete 
deck on concrete beams w/sip forms
Two -stage deck placement
Exterior girder rotated in stage 2

Survey to measure deck thickness
Survey to measure cover depths

Could this have been avoided?

28



QA Example: Thermal restraint cracking

Problem:
— QA identified cracking
— Excessive heat developed in tower 

pour because of failed cooling pipes
— Cracking occurred in the main 

towers from inadequate control of 
restraint caused thermal conditions

Solution:
— Changed mixture design to low heat 

of hydration concrete with fly ash for 
use in towers 

How might proactive QA have 
prevented this?

29 Thermal design to prevent restraint 
cracking at lifts



Don’t forget the basics

On a recent project with exterior concrete building wall panels 
designed for 100 -year service life, a subcontracted precast 
fabricator:
• Did not achieve appropriate cover depths of reinforcement
• Did not obtain adequate air entrainment in concrete
• Did not have adequate controls of water content of the 

aggregates (hence final w/cm is unknown)
• Used an unapproved ASR -prone aggregate source
• Falsified QC records to cover up these inadequacies

Do you think this facility will last 100 years?

30



31

• 10 0 -ye a r De sig n  Life  h a s b e com e  a  com m on  e xp e c ta t ion
• “Bu sin e ss a s u su a l” w ill n o t  se rve  ou r ca u se
• Prop e r im p le m e n ta t ion  re q u ire s u n ifie d  t e a m  focu s
• Qu a lity Assu ra n ce  p la ys a  c rit ica l ro le  in  e n su rin g  th e  

se rvice  life  d e sig n  is im p le m e n te d  a s p la n n e d
• Pro-a c t ive  a c t ion s ca n  p re ve n t  cost ly p rob le m s

CONCLUSIONS



Thank you!

Michael.C.Brown@wsp.com
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