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Perface

Commission 5 and the fib in conjunction with the Minho University are pleased to provide this
seminar on the Durability of Concrete Structures. Commission 5 is one of about ten Commissions
organized by the fib that gather experts in the field from across the world to collaborate and
develop state of the art and technical reports as well as codes for the advancement of durability
practices for the industry worldwide. This first of its kind seminar will provide unique access to
these experts and the current and past work done within Commission 5 along with topics from
these experts individual research and work applying durability principles to practice. Durability is
a key component to the sustainability of concrete structures and serves a vital role in the design,
construction and rehabilitation of these structures. We have also invited several distinguished
local speakers to participate and provide there insight to the local industry. We invite you to
participate in this unique experience and training that we hope will spark a desire for further
research in durability of concrete structures and the application of these principle in everyday
practice.

Brett H Pielstick P.E., F.ASCE
Commission 5 - Chairman
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2012 Durability Survey of Concrete Bridges

L Based on National Bridge Inventory System (NBI)
* 604,426 on 2011 Inventory
e 373,670 since 1970

O All 50 States

0 FHWA

O Multiple Agencies and Owners

O ASBI Members and past presentations
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National Bridge Inventor (A Recording and Coding
8 y Ef:ﬁgié’;’;‘;“o?&‘;n Guide for the Structure
System raerawiowey  INVENtory and Appraisal

of the Nation’s Bridges

Report No. FHWA-PD-96-001

Office of Engineering December 1995
Bridge Division
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43 Structure Type, Main
44 Structure Type, Approach Spans

National Bridge Inventory

ltem 43 Structure Type. Main 3 digits
System Record the description on the inspection form and indicate the tLype of
structure for the main span(s) with a 3-digit code composed of 2
soegments.
Segment Description Length
- A3A Kind of material and/or design 1 digit
TABLE OF CONTENTS 43B Type of design and/or construction 2 digits
Page
1 The first digit indicates the kind of material and/or design and shall
I])gplzg\)ll)"[ll(l‘gllvogr TERMS 7 iii be coded usi%\g one of the following codes: 8
DATA TTEMS Code Description
AT/
1 Concrete
é lsltcglh:agogzonc?/ District % g g:ct’gg{iete continuous
3 CounLy (Parish) Code 1 4 Steel continuous
4 Place Code 2 5 Prestressed concrete *
5 Inventory Route 2 6 Prestressed concrete continuous *
(75 lI;eatllxres (l‘nterssctt)edg 5 ; levood or Timber
acility Carried by Structure 5 asonry . )
g ?;;‘;;’}"g;e Number g ?) S}ﬁ?\lrinum Wrought Iron, or Cast Iron
%(]J ‘I(n\lfont?ry ];Dli‘ti‘ Minimum Vertical Clearance g * Post-tensioned concrete should be coded as prestressed concrete.
ilometer Poin
12 Base Highway Network T ~ i :
13 LRS Inventory Route, Subroute Number 8 ltem 43 Structure Type. Main (cont'd)
%g gﬁgigf::233 g The second and third digits indicate the predominant type of de51gn
16 latitude S and/or type of construction and shall be coded using one of the
17 L(ﬁnguude) 9 following codes:
18 eserved 9
19 Bypass, Detour Length 10 Code Description
P 2 LDescription
20 Toll 11
21 Maintenance Responsibility 12 01 Slab
éé ?‘ﬁgigwed %g 02 Stringer/Multi-beam or Girder
51 ERééérvé d§ 15 82 %égdggaz;lnd Floorbeam System
25 (Reserved 12 05 B B el Multipl
26 Functional Classification of Inventory Route 13 8% WEAll W el BUET s, o (il TPuc
27 Year Built 13 06 Box Beam or Girders - Single or Spread
28 Lanes On and Under the Structure 14 07 Frame (except frame culverts)
29 Average Daily Traffic 15 08 Orthotropic
30 %ear ofLAvgrage Daily Traffic 16 09 Truss - Deck
31 Design Loa 16 10 Truss - Thru
g% %ppgoac]l\} léc_)adway Width %g 11 Arch - Deck
99 2iEg8 Megdan 12 Arch - Thru
34 Skew 19
35 Structure Flared 19 %2 %?Spegs%ond
36 Traffic Safety Features 19 15 M ’ly(gl ’lrLP¥
37 Historical Significance 21 ovable - Lift
38 Navigation Control 21 16 Movable - Bascule
39 Navigation Vertical Clearance 22 17 Movable - Swing
40 Navigation Horizontal Clearance 22 18 Tunnel
41 Structure Open, Posted, or Closed to Traffic g% 19 Culvert (includes frame culverts)
el — § 20 * Mixed types
43 Structure Type, Main 24 21 Segmental Box Girder
44 Structure Type, Approach Spans 25 22 Channel Beam
00 Other




Commission 5
Structural Service Life Aspects

Seminar

fib Commissio (’:H
Seminar on Durabil
of Concrete Structures

Number of Spans in Main Unit

Number of Approach Spans

Inventory Route, Total Horizontal Clearance
Length of Maximum Span

Structure Length

Curb or Sidewalk Widths

Bridge Roadway Width, Curb-to-Curb

Deck Width, Out-to-Out

Minimum Vertical Clearance Over Bridge Roadway
Minimum Vertical Underclearance

Minimum Lateral Underclearance on Right
i ereret=tndgrclearance on Le%t

(Reserved)
Condition Ratings
Deck

SUpCISLIuCture
Substructure
Channel and Channel
Culverts

Method Used to Deterfine Operating Rating
Operating Rating

Method Used to Deterfgine Inventory Rating
Inventory Rating
Appraisal Ratings
Structural Evaluatiorl
Deck Geometry
Underclearances, Vertlical and Horizontal

rotection

Bridge Poctipng

57 (Reserved)

-- Condition Ratings
58 Deck

59 Superstructure

60 Substructure
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[tem 57

(Reserved)

I 58 1l b 62 - Indi e Condiition Raki

In order to promote uniformity between bridge inspectors, these guidelines
will be used to rate and code Items 58, 59, 60, 61, and 62. The use of
the AASHTO Guide for Commonly Recognized (CoRe) Structural Elements is an
acceptable alternative to using these rating guidelines for Items 58, 59,
60, and 62, provided the FHWA translator computer program is used to
cogvert }he inspection data to NBI condition ratings for NBI data
submittal.

Condition ratings are used to describe the existing, in-place bridge as
compared to the as-built condition. Evaluation is for the materia%s
related, physical condition of the deck, superstructure, and substructure
components of a bridge. The condition evaluation of channels and channel
protection and culverts is also included. Condition codes are properly
used when they provide an overall characterization of the general
condition of the entire component being rated. Conversely, they are
improperly used if they attempt to describe localized or nominally
occurring instances of deterioration or disrepair. Correct assignment of
a condition code must, therefore, consider both the severity of the
deterioration or disrepair and the extent to which it is widespread
throughout the component being rated.

The load-carrying capacity will not be used in evaluating condition items.
The fact that a bridge was designed for less than current legal loads and
may be posted shall have no influence upon condition ratings.

Portions of bridges that are being supported or strengthened by temporary
members will be rated based on their actual condition; that is, the
temporary members are not considered in the rating of the

item. (See Item 103 - Temporary Structure Designation for the definition
of a temporary bridge.)

Completed brid%es not yet opened to traffic, if rated, shall be coded as
if open to traffic
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Durability Survey — Inventory by State

2012 Durability Survey of Concrete Segmental Bridges (By State- Working list)
2007 Condition Survey 2012 Condition Survey
No. §ate Bridge Number Year Inspection | Deck Euperﬁrumure Substructure §mdural Inspection | Deck Euperslruciure Substructure §ruc1urd Surface m
Built Name Date Condition Condition Evaluation Date Condition Condition Evaluation Type
1jAlabama 12835 982 |Dolphin Island Oct-04 7 7 i 7 Nov-10 6 5] B 1 1]
2Alabama 15430 991 |Cochrane Jan-05 B 6 B Janr-11 B B B 2 1]
3|Anzona 2295 w Octod 7 7 7 Nov-09 7 7 7 0 0
4lCalifomia 57-692-R 874 |Pine Valley WB Oct-04 7 7 7 Aug-08 7 7 7 ] 0
s|0amomia 57-892-L 1974 |Pine Valley EB Oct-04 ] 8 7 7 Aug-08 ¥ 8 7 7 ] 1]
BjCalifomia 21-49 1977 |Napa Valley over Napa River Aug-97 7 38 8 3 Jare00 i 8 7 7 9 0
?lCaIlfmma 32c0076 1878 |Parrots F erry Bridge Four miles south of route 4 Jur-06 B 7 B B Feb-10 B 7 B B B 0
glcalifomia 24-0116 1978 |EI Camino Ave Sacramento Sep-06 7 8 7 7 Dec-08 L5} 7 7 i B 0
gfCalifomia 57c0676 1996 |Montezuma Road San Diego Qct-05 i 7 7 7 Mar-10 7 7 7 7 0 0
10)Califomia 55C0623 1994 |BNSF Arrtrak Metro Link/ El Paso Rd Sep-04 7 2 7 7 Jun-08 7 g 7 7 0 2
11)Califomia 57 1054 1992 |Rout 78 San Ysahle Creek Apr-03 7 8 7 7 May-09 3] 8 7 7 4 1]
12JCalifomia 100299 2009 |SOUTH FORK EEL RIVER Jul-09 7 g 7 7 1] a
13]Califomia 13C0022 2007 |GOODYEARS CREEK Aug-08 7 5 7 5 {1} {1}
14)Califomia 28 0153R C22 2007 JUP BNSF AMTRAK SUISUN BA Nov-09 7 g 7 7 2 a
15]Califomia 30 0053 2009 |GARDNER LANE Oct-09 7 g 7 7 0 o
16]Califomia 30 0054 2009 MURPHYS GRADE ROAD Oct-09 7 g 7 7 1) 1]
17)Califomia 30 0055 2009 |PENSTOCK AQUEDUCT Oct-09 7 g 7 7 a a
18]Califomia 30 0056 2009 JANGELS CREEK Oct-09 2 8 7 7 0 0
33C0239R 2009 JARROYO DEL VALLE Oct-09 7 g 7 i 0 1]
34-0007L 2008 |San Fransisco-Oakland Bay Bridge Skyway Jun-08 i 8 7 7 5 0
Califomia 34-0007R 2008 |San Fransi ridge Skyway Sep-08 s g 7 7 5 0
Colorado F-11-AK 1977 _|Miller Creek EB I-70 Juk04 7 6 6 B Aug08 7 7 7 7 ] 1]
Colorado F-11-AL 1977 |Miller Creek WB |-70 Juk04 7 7 7 7 Aug08 7 7 7 7 2] a
Colorado F-11-AM 1977 |Black Gore Creek|-70 EB Juk04 ] ] 6 B Jan-00 ] 6 6 B ] o
Colorado F-11-AN 1977 |Black Gore Creek |-70 WB Juk04 7 ] 7 B Aug08 7 ] 7 B 6 1]
Colorado F-11-AU 1977 |CoRd, Gore Creek|-70 EB Juk04 7 ] ] B Aug08 ¥ 3] 6 6 6 a
Colorado F-11-AV 1977 |CoRd, Gore Creek |-70 WB Juk04 7 T 7 % Aug-08 £ 7 g2 7 6 0
28|CDIOradD F-11-AW 1977 |I-70 EB 13.5 miles JCT SHY91 Juk04 6 ] 6 6 Aug08 ] ] 6 |5} 6 0
29)Colorado F-11-AX 1977 |I-70¥WB 9.7 MilesE of SH 24 Juk04 7 7 7 7 Aug08 7 7 7 7 6 0
30JColorado F-07-AK 1986 |I-70 WWBND May-06 7 7 g 7 Apr-08 7 7 8 7 6 a
31)Colorado F-07-AL 1986 |I-70 WWBND. May-06 7 7 7 7 Apr-08 ¥ 7 7 7 ] 1]
32| Colorado F-07-AN 1986 |I-70 WBND May-06 8 7 7 7 Apr-08 8 7 7 T ] a
33]Colorado F-08-AA 1986 |I-70 Access Rd Grizzly Creek May-06 8 8 8 8 Apr-08 8 8 8 8 B 2
34Colorado F-08-AB 1986 |I-70 Grizzly Creek Jun-04 P 7 7 7 M ay-08 7 £ 7 7 6 1]
35]Colorado F-08-AY 1989 |I-70WBND May-06 8 7 7 7 Apr-08 8 7 7 7 ] 1]
36]Colorado F-08-BH 1983 |French Creek May-06 7 7 7 4] Apr-08 7 7 7 7 B 0
37]Colorado F-08-AR 1991 |I-70 Colorado River f UP RR Jun-06 7 7 7 7 May-08 7 7 7 7 6 1]
38JColorado F-08-BJ 1993 |Hanging Lake May-06 7 7 8 7 Apr-08 7 7 g 7 ] 1]
38)Colorado H-09-U 2005 |MAROON CREEK Aspen M ay-09 ] 8 g g 6 0
40JConnecticut 062004 1993 |Ferry Road Conn. River NB |-95 Feb-04 7 B 7 B Juk08 <] 5 B 5 () 1]
41fConnecticut 062008 1993 |Ferry Road Conn. River SB |-95 Iar-04 7 B 6 B Juk08 [ 4 B 4 B 1
42fFlorida 900094 1981 JUS-1 Long Key Aug-03 7 7 7 7 Aug-09 ¥ 6 4 4 2 1
43|Flurida 900098 1982 |US-1 Channel #5 Feb-05 7 7 6 B Feb-09 7 7 7 7 1 1]
44fFlorida 00101 1982 |US-1 Moser Channel Nov-04 7 6 6 6 Aug09 8 6 6 3] 1 1]
45|Florida 900117 1983 |US-1 Niles Channel Aug-03 7 6 6 B May-09 7 6 7 6 1 a
ABlFInrida 870602 1984 ISR 821 Rampto |-75 NB Aug04 7 7 g T Sep-08 77 7 7 7 0 0
47|Florida 870643 1986 |Ramptol-75 NB Sep-04 ] 8 8 g Oct-08 7 7 7 7 1] 1]
48|Florida 870644 1986 |I-75 NB to SR 821 Sep-04 7 g g g Oct-08 i 7 7 7 1] 1]
49Florida 870645 1986 |SR 821 Rampto |-75 SB Sep-04 g g g 8 Oct-08 7 7 7 7 1] a
S0JFlorida 870646 1986 |I-75 SB Sep-04 7 7 7 7 Oct-08 7 7 7 7 a a
S1|Florida 870647 1986 |I-75 NB Sep-04 7 T g T Oct-08 B 7 g 7 0 0
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Durability Survey — Inventory by Date

2012 Durability Survey of Concrete Segmental Bridges (By Date - Working list)
2007 Condition Survey 2012 Condition Survey
[No. | No | o@e | pndgeNumber | vea Taspection | uperstucture| [ Structural [ spection | Deck [oupersiuciure] Supstucture |- suucturd | surace [ Xatus| - constucton Memod | pesaner |
[ Time Built Name Date_ Condition Evaluation Date Condition C: Evauation Type
A lew Y ork 55221000 1966 _[Vanyck Expwy East overpass Sep-10 i 7 i i B
gl fect Virginia 00000000003A042 1970l Route 23 over Laugherty Fork Oct-04 b 5 i 5 Ocr@ b 5 7 5 L]
3 1 fest Virginia 00000000025A100 1971 |Marion Co Rt 58 over Booths Creek Feb-05 B 5 £ 5 Mar-10 B 5 7 5 ]
4 2 JTexas 161780061702026 1973 |GULF-INTRACOASTAL WTRWAY 7 [ [ [ [ [ [} [ 2
5| 3 |California 57-692-R 1974 |Pine Valley VB Oct-04 5 7 7 7 Aug-08 7 7 7 7 ] 0
Bl 4 |California 57-692-L 1974 _|Pine Valley EB Oct-04 6 8 7 T Aug-08 i 8 7 4 ] 0
7| 5 INewYork 1093850 1974 |Spring Street PED OVP 4301 Apr-10 & g 7 7 1 0
86 _lindiana 5100176 1975 _High Bridge Rd over Sugar Creek Jun-04 [ 8 Jul-08 7 8 8 8 5 0
9] 1 JCalifornia 21-49 1977 |Napa Valley over Napa River Augrd7 7 8 Jan-00 i 8 Fi i 9 0
Colorado F-11-AK 7__|Miller Creek EB I-70 Jub 7 153 Aug-08 i 7 7 7
Colorado F-11-AL 7 |Miller Creek WB I-70 Juk 7 7 Aug-08 7 7 7 7.
Colorado F-11-AM 7 _|Black Gore Creek |-70 EB Juk B B Jan-00 B B B B
Colorado F-11-AN 7__|Black Gare Creek |- 70 WB Jub 7 6 Aug-08 7 6 7 [}
14 6 |JColorado F-11-AU 1977 |Co Rd, Gore Creek I-70 EB Jub04 i 53 15} [} Aug-08 i 53 B [ ] 0
15] 7 |Colorado F-11-AY 1877 |Co Rd, Gore Creek |70 WH Juk04 7 7 7 7 Aug-08 i 7 7 i B 0
Bl 8 Colorado F-11-AW 7 _|-T0EB 13.5 rriles JCT SHE1 Jub B 5} Aug08 B 5 [ B
7| 9 ]Colorado F-11-A% 7 |-70WB 87 Miles E of SH 24 Juk i 7 Aug-08 ik 7 7 ks
E 42715 7 _|I-70WB Rarrp |-465 SB Apr-| 5 5 Jul-08 5 5 7 5
9 17560 7__|SR 47 over Turkey Run Jurr T 7 Jun-07 5 B 7 B
0f 49955 1977 |I-70 B tol-465 SB. Apr-04 B [ & [ Sep-08 B [} Z [} el 0
200000A-C-01010 1977 _|Fredrick St over US 40 and CSX Feb-04 i 15} 15} 15} Dec-09 i 53 B 6 1 2
22 California 320076 Parrots Ferry Bridge Four miles south of route 4 Jun-06 B 5 (1] (5 Feb-10 7 B B
23] California 240116 El Camino Ave Sacramento Sep-06 ¥ 8 7 7 Dec-08 7 7 !
24 Indiana 26790 US 138(SR 26) aver VWahash River IL Sep-03 55 7 % 7 Nov-07 5 3] 5
26T09 000 00000 [SOUTH UMPQUA RIVER Stewart Parkway Jun-09 i 8 7
03780007 4N 1979 |E-W Connector -KENTUCKY RIVER Aug02 74 E: 8 7 Sep-08 7 7 8 7 1 1]
101013310666 1980 |I-39 & I-51 SB Kishwaukee River Bridge Mar-04 5 5 i May-10 B B 7 [} ] 0
731731120008031 1930 |I-75 NB At Zilwaukee Oct-09 5 25 i I
27611 1930 |Plyrmouth Avenue Juk07 7 7 8 7 Nov-11 7 1 g 0 &l 1_JCIP VDHS
| 121020325603075 | 1980 |HOUSTON GHIP CHANNEL 7 3 7 3 7 3 3 1
B00064 7651 |US-1 Long Key Ag03 |7 7 T T AR08 | 7 5 1 1 2 T
101013410680 1981 |1-39 & I-51 NB Kistwaukee River Bridge Mar-04 5 5 7 5 May-10 B B 7 [ ] 0
2575 1981 JIS170Et0IS-70E Nov-04 7 £ 3] 6 Oct-10 7 ] ] ] 0 1]
4070541 981 _|I-390 over Genessee River Nov-04 8 8 8 Jul-10 v 7 8 7 32
4070542 981 |I-390 over Genessee River Nov-04 7 7 7 Oct-1 8 7 7 7 32
Washington 0010200A0000000 981 |I-90 over Dery Creek Apr-04 7 7 5 Oct-0: 6 3] 7 5 3
[Alabarma 12835 982 |Dolphinldand Oct-04 7 T 7 Nov-1 7 [ [ [ 1
Florida 300038 1982 |US-1 Channel #5 Feb-05 7 7 [} [ Feb-09 7 7 7 Z 1 0
900101 1982 |US-1 Moser Channel Nov-04 7 [ I3 B Aug-09 8 B B 6 1 0
541540140008020 } 198 US-131 NB § i South Big Rapids May-1 7 of: 7 7
900117 983 US-1 Niles Channel Aug-03 T [ M ay-! 7 6 7
33025 983 |Ramp B over Conrail Oct-04 4 7 Jun-| 6 7 6
33026 98: Ramp -D EB over Riley Road Jun-04 4 7 Jun-| 4 1 7
33027 1983 |Ramp C EB over Riley Road Junr04 4 3 7 3 Jun-08 4 1 7 0 3 1
33028 1983 |Ramp A WB Oct-04 4 3 7 3 Jun-08 4 2 [} 0 3 1
33029 1983 ISR 12 over canal Feb-04 4 3 ki 3 Jun-08 4 1 4 0 3 1
2262 1983 |Wiscasset Bridge - Sheepscot River - US Route 1 Nov-10 7 7 7 7 3 0
54154014000B010 1983 |US-131 SB 5 i South Big Rapids. May-10 7 [ 7 [
5002 50816 1983 N2 over the Missouri River Nov-02 7 7 8 7 Oct-08 7 7 7 7 4 0
5140182P0000000 1983 |Linn Coe Viaduct Blue Ridge Parkway Juk03 7 7 7 7 Jun-09 7 7 7 7 ] 0
870602 1984 |SR 821 Rampto I-75NB. Aug04 % 7 8 7 Sep-08 7 7 7 & 0 1]
4900236 | 1984 [West St over IWC Canal Juk04 [ % 8 7 Sep-08 [ [ 7 [ 1 0
i 11200080: 1984 |I-75 SB at Ziwaukee Oct-03 B 7 7 7
7 11200080: 1984 |I-75 SB RAMP at Zilwaukee Oct-09 7 7 7 z
i 8; 02200054 1984 |M-33 5B RAMP KinAllen Park Aug-10 7 7 [ [
56| 26 Jwashington 0012042A0000000 1984 I1 82/16N over Colurrhia River Oct-04 ] ] 7 ] May-10 ] B 7 ] ) 0
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Rating for Concrete Structures

Code Description

N NOT APPLICABLE

9 EXCELLENT CONDITION

8 VERY GOOD CONDITION - no problems noted.

7 GOOD CONDITION - some minor problems.

6 SATISFACTORY CONDITION - structural elements show some minor deterioration.

5 FAIR CONDITION - all primary structural elements are sound but may have minor section
loss, cracking, spalling or scour.

4 POOR CONDITION - advanced section loss, deterioration, spalling or scour.

3 SERIOUS CONDITION - loss of section, deterioration, spalling or scour have seriously affected
primary structural components. Local failures are possible. Fatigue cracks in steel or shear
cracks in concrete may be present.

2 CRITICAL CONDITION - advanced deterioration of primary structural elements. Fatigue cracks
in steel or shear cracks in concrete may be present or scour may have removed substructure
support. Unless closely monitored it may be necessary to close the bridge until corrective
action is taken.

1 "IMMINENT" FAILURE CONDITION - major deterioration or section loss present in critical
structural components or obvious vertical or horizontal movement affecting structure
stability. Bridge is closed to traffic but corrective action may put back in light service.

0 FAILED CONDITION - out of service - beyond corrective action.

Brett Pielstick #

e
-
-
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National Bridge Inventory System

a. General Qualifications: In order to be considered for either the
structurally deficient or functionally obsolete classification a
highway bridge must meet the following:

Structurally Deficient -

1. A condition rating of 4 or less for

Item 58 - Deck; or

ltem 59 - Superstructures; or

Item 60 - Substructures; or

ltem 62 - Culvert and Retaining Walls."" or

2. An appraisal rating of 2 or less for
e |tem 67 - Structural Condition; or

e ltem 71 - Waterway Adequacy.‘_z’

Functionally Obsolete -

1. An appraisal rating of 3 or less for
e |tem 68 - Deck Geometry; or

e |tem 69 - Underclearanoes;@ or

e |tem 72 - Approach Roadway Alignment. or
2. An appraisal rating of 3 for

e |tem 67 - Structural Condition; or

e |tem 71 - Waterway Adequacyﬂ
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511 15 ce Life Aspects

Past Durability Survey of Segmental Bridges

0 1994
e 194 Structures identified
e 96 structures ratings utilized
* 98% of Segmental Bridges rated satisfactory or better
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Past Durability Survey of Segmental Bridges

O 1999
e 164 Structures identified
e 131 structures ratings utilized
* 99% of Segmental Bridges rated satisfactory or better
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Past Durability Survey of Segmental Bridges

O 2007
e 400 Structures identified
e 275 structures ratings utilized
* 97% of Segmental Bridges rated satisfactory or better
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Past Durability Survey of Segmental Bridges

O 2012
e 461 Structures identified
e 366 structures ratings utilized
* 98% of Segmental Bridges rated satisfactory or better
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2012 Survey of Segmental Bridges

Statistical Data Results
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2012 Segmental Bridge Inventory List
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Percentage all Bridges
Concrete by Type

Continuous

12.32%_\

Steel Continuous B Concrete

8.21%
® Concrete Continuous

H Steel

® Steel Continuous

Concrete
29.24%

M Prestressed

¥ Prestressed Continous

Prestressed

* Segmental
19.51%

® Wood and Timber

= Masonry

Other
0.11%
Aluminum and

* Aluminum and Cast Iron
| ~—_Prestressed

Continous MW Other
Segmental 3579

0.08%

Wood and Timber
4.01%

Castlron  Masonry
0.24% 0.29%
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Percentage of Bridges Built From 1970

Concrete Steel Continuous
Continuous 7.95%
Steel R R
10.69% /- E Concrete

® Concrete Continuous
E Steel

¥ Steel Continuous
Concrete
24.45%

M Prestressed
¥ Prestressed Continuous

Segmental

4

@y

E Wood and Timber

/
f

/|

Masonry 0.01%

Other0.15%

Aluminum and Cast
Iron 0.38%

= Masonry

Prestressed
Continuous 6.50% * Aluminum and Cast Iron

E Other

Segmental. 0.12%
Wood and & °

Timber 2.85%
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Deficient Bridges in US

...




Seminar ; ) - ,
fib Commissio H ‘ “ Brett Pielstick #
Seminar on Durabil “

ATl
of Concrete Structures ‘“““h
May 8t 2014//School of Engineering University of Mi

-
-
-
-

Structurally Deficient Bridges in US
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Percentage of Structurally Deficient Bridges
From 1970 by Type

Steel
Continuous

H Concrete

Concrete Continuous Steel
36.78% ® Concrete Continuous

m Steel

Prestressed

16.90%
Concrete W Prestressed

12.87%

¥ Steel Continuous

® Prestressed Continuous
Wood

and Timber * Segmental
17.53%

\_ Prestressed ® Wood and Timber
Continuous

2.71%

Other
0.04% = Masonry

bl a5 Segmental
0.00% 5

Aluminum and Cast : 0.08% W Other
lron
0.33%

* Aluminum and Cast Iron
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Percentage of Functionally Obsolete
Bridges Built From 1970 by Type

Steel Continuous

/- 13.24%
W Concrete
Steel

Concrete Continuo 26.40% ® Concrete Continuous

H Steel

® Steel Continuous
Prestressed

29.81% W Prestressed
Concrete

14.28% ¥ Prestressed Continuous

Segmental
® Wood and Timber

= Masonry

* Aluminum and Cast Iron

T ___Prestressed
Continuous

Segmental 5 75% B Other
Aluminum and Cast 0.08%
ol Masonry Wood and Timber

0.26% 0.01% 3.98%
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Functionally Obsolete Bridges
In Each Type
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Summary of Deficient Bridges by Type
From 1970

Steel Continuous
11.01%

Steel W Concrete

Concrete Continug 29.87% / ® Concrete Continuous

H Steel

® Steel Continuous
Prestressed 25.50

M Prestressed

Concrete
13.81%

® Prestressed Continuous
* Segmental
E Wood and Timber

= Masonry

\ Prestressed

* Aluminum and Cast Iron

Segmental Continuous
0,
Aluminum and Cast Masonry 0.08% 4.74% M Other
Iron 0.01% Wood and Timber

0.29% 8.51%
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Summary of Deficient Bridges in Each Bridge
Type Built From 1970
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Percent Deficient

Bridge Types
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All Concrete Type Bridges From 1970

80%

70%

60%

50%

40%

30%

20%

10%

0%

» Percent of Concrete Structures to all

Bridge Types: E

» Percent of Structurally Deficient
Concrete Bridges to all Structurally 39%
Deficient Bridges

® Percent of Functionally Obsolete Steel

Bridges to all Functionally Obsolete: BESs

» Percent of Deficient Concrete Bridges

to all Deficient Bridges: SUis
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» Percent of Steel Structures to all
Bridge Types:

¥ Percent of Structurally Deficient Steel
Bridges to all Structurally Deficient 44%
Bridges

™ Percent of Functionally Obsolete Steel

Bridges to all Functionally Obsolete: 0%

¥ Percent of Deficient Steel Bridges to all

Deficient Bridges: 41%
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Comparison of Segmental Bridges from 1970

0.160%

0.120%

0.100% |

0.080%

0.060%

0.040%

Percent of Segmental to all Bridges Built and Condition

0.020%

0.000%

= Percent of Segmental Bridges to all Bridges

» Percent of Structurally Deficient Segmental
Bridges to all Deficient Bridges

0.067%

® Percent of Fictionally Obsolete Segmental
Bridges to all Functionally Obsolete Bridges

0.078%

» Percent of Deficient Segmental Bridges to all
Deficient Bridges

0.075%
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Condition Rating
;3:: B'\:?d.goefs Deck Superstructure B Substructure Status
Z]5]6[7]8]9] 1 2 3 3 5 6 7 3 9 |3]a]5]6]7[8]°10]712
1966 1 1 1 1 1
1967 0
1968 0
1969 0
1970 1 1 1 7 7
1971 7 T T T T
1972 0
1973 7 T 1 1 1
1974 3 3 7 2 3
1975 7 7 7 7 7
1976
1977 13 2|38 1 7 4 1 I 12 1
1978 4 2| 2 1 3 2 [ 11 4
1979 1 1 1 1 1
1980 4 3|1 1 1 2 T 2] 1 37
7981 6 2 3|1 2 2 T T3] 1 5|1
1982 4 3| 1 2 2 2|2 5
1983 0 |5 5 4 1 2 3 1 2| 7 5|5
1984 7 A IE 3 4 2|5 7
1985 1 1 1 1 1
7986 79 T116] 2 2 6 T T 111 7 8 7
1987 3 3 1 2 i I 2 7
1988 7 1116 7 7 9 2] 5 7
1989 24 8 |14 2 g 15 3 15| 6 22 2
7990 2 2 7 7 711 2
1991 17 7 |10 7! 12 T 3|95 7
1992 6 2|3 [1 5 1 1 5 5 1
1993 17 |1 [12] 4 1 1 3 12 3717 16| 1
1994 5 114 1 3 1 1 3|1 4 1
1995 2 2 2 2 2
1996 5 5 5 4 1 5
1997 7 116 4 3 6 7
1998 4 5|72 2 12 0] 4 14
7999 9 8 | 1 8 1 18 4 5
2000 7 2|5 6 7 7 5 2
2001 6 T 111 4 3 3 T11[10] 2 6
2002 46 7 | 33| 5 | 1 3 T 25 6 7 T16[28] 83|45 7
2003 71 7191 9 2 2|63 71
2004 20 2 |14 4 2 13 5 T4 5| 1120
2005 21 2 [70] 7| 2 12 7 2 9 [70] 2 |27
2006 6 2211 1 3 T 1 2 3[1]6
2007 11 T 4]5][1 1 3 6 1 7145 1]10 7
2008 8 2|6 8 2|6 8
2009 10 7112 7 1 2 71 12|09
2010 5 7122 3 2 2315
Totals | 366 | 6 | 18] 661222] 251 91 & 7 0 T 11 71 205 63 I N P N S A I N ] I
Averages 6.8 6.9 7.2
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8.50

~~~~~~ - 8.00

7.50

7.00

6.50

6.00

5.50

Condition Rating

5.00

4,50

4,00

-Weighted Average Condition Deck

Weighted Average Condition
Superstructure

6.67 6.13 5.59 6.66 6.77 7.24 7.04 7.85

Weighted Average Condition
Substructure

6.78 6.58 6.55 7.17 7.06 7.12 7.25 7.72

= \Neighted Average Condition
Structural Evaluation
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2012 Survey of Segmental Bridges
Conclusions

 98% of Segmental Bridge have a Condition rating of 6 “Satisfactory”
or better

 Service life of Segmentally Constructed Bridges can be calculated at
over 100 years based on past performance

« Segmental Bridges have out performed bridge “peers” over the last
40 years — “bridges built with equal span range, capacity, age, and
environmental condition”

 Concrete Segmentally constructed bridges are the original ABC
(Accelerated Bridge Construction) method!

Survey says! “Why would you build anything else”
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Chairman: Brett Pielstick
Co-Chairman: Christoph Gehlen
Secretary: Philip McKenna

fib
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- Probabilistic performance based service life design.

- Service life management and cost optimisation, taking due account
of environmental aspects of the creation and maintenance.

- Inspection, assessment and validation of structural performance
including performance monitoring.

- Re-evaluation and reliability updating.
- Maintenance, repair and rehabilitation actions.
-Strengthening and performance upgrading.

- Development and validation of deterioration mechanisms &
environment interaction.

- Disseminating, lecturing and teaching activities.
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Recent publication:

- - fib Bulletin 59: State of the art report:

“Condition control and assessment of reinforced concrete
structures”

- Fib Text book (SAG 2)
Chapter 5: Design of durable concrete structures
Chapter 8: Assessment of existing structures

- fib Bulletin 44: Owners Guide

- Papers in fib Structural Concrete

- Pamphlet version of fib Bulletin 44 via BRE-IHS Press

Forthcoming & proposed publications
- fib Text Book (SAG 2):
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Forthcoming & proposed publications

O fib Bulletin “AN” State of the art report:
e “Calibration of code — deemed to satisfy provision”
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Recent meetings:

- Lisbon October 10, 2011

- Stockholm June 15, 2012

Paris September 4 &5, 2013
- Mumbai - February 6, 2014

Task group meetings

- London

- Netherlands
- e- meetings

Brett Pielstick #

-
-
-
-
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Task Group 5.9:

“Model technical specification for repairs and interventions”
Convener: McKenna

Secretary: Leon

Members: Appleton, Cairns, Pielstick, Leon, Papworth, Linger

Next meeting: Electronic Meeting September 2011

Document of Task Group 5.9 (Technical Report):
- Target date for Draft Late 2014
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Task Group 5.10:

“Birth and re-birth certificate & through-life management aspects”
-Developing a document to provide guidance for preparation of Birth Certificates and
through-Life Documentation for structures Based on fib Bulletin 34 — Model Code for
Service Life Design (MC-SLD), 2007 and Model Code 2010 - First Complete Draft

Convener: Bartholomew

Secretary: McKenna

Members: Bevc, Cairns, Evardson,Papworth, Paeglitis, Pielstick,
Subbarao

Next meeting: Electronic Meeting September 2011

Document of Task Group 5.10 (Technical Report):
- Target date for draft mid 2014
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Task Group 5.13:

“Operationalal document to support service life design”

Convener: Andrade
Secretary: Cleland
Members: Matthews, Cremona, Edvarsen, Markeset, Gulikers,

Kobayashi, Miyagawa, Rinaldi, Sgobba, Vimmer

Next meeting: Spetember 2011

Document of Task Group 5.13 (Technical Report):
- Taget Date for Draft 2015
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Task Group 5.14:
“Life Cycle Cost (LCC) - Design life and/or replacement cycle”
Convener: Edvardson
Secretary:
Members:

Target audience

Owners and the owners' designers, engineering consultants, design companies,
contractors, financial institutions and universities

Expected outcome and delivery dates

The expected outcome of this task group is a technical report (state-of-the-art)
covering the work described above regarding LCC. The deadline of this
technical report is by the end of 2017.

Other activities of this group

Special Sessions
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Structural Service Life Aspects

Task Group 5.15:

“Durability of Post-Tension Systems”
Convener: Pielstick
Secretary: TBA

Members: Vejvoda, Krauser, Ganz, Corven, Hunsicker

Terms of reference: Bulletin 33 Update
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Additional Typics and Focus:

Il. Topics of interest
- Inspection & Monitoring
- Number and location for insitu testing
- Effect of cracking on durability models
- Durability of steel fiber rienforcement
- Reliability analysis
- Durability of Pre-tensioned concrete

- Comprehensive Extension of Exposure Zones and Deemed to
Comply Requirements

- Document of Durability Planning
- Fibre reinforced concrete

lll. Collaboration with ACI Committee 201 on Durability of Concrete
- Tom Van Dam & Per Fidjestol

Brett Pielstick #

-
-
-
-
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2. An owner’s perspective on probabilistic
approaches for durability design

Joost Gulikers — Ministry of Infrastructure and The Environment
Utrecht — Netherlands

% #9 Rijkswaterstaat
Z’ﬁ}y Ministerie van Infrastructuur en Milieu
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Introduction to Rijkswaterstaat

L ASSET MANAGER/OWNER OF NATIONAL ROAD NETWORK AND WATERWAYS
SYSTEM

BRIDGES, VIADUCTS, OVERPASSES, TUNNELS, SLUICES, SEA DEFENCE STRUCTURES
HIGH ECONOMICAL IMPORTANCE

STANDARD DESIGN SERVICE LIFE 100 YEAR

MAINTENANCE FREE (TRAFFIC DISRUPTION)

U000
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Rijkswaterstaat stock of existing bridges

00 4000
N okerbrug
- mm liggerbrug 4 3500

ST wm phathinug
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— bouajaar
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Rijkswaterstaat: role as an Asset Manager

O MAJOR CONCERN: AVAILABILITY OF INFRASTRUCTURE FOR USERS (SAFE,
CONVENIENT)

REGULAR INSPECTIONS (DIFFERENT LEVELS)

PREVENTATIVE MAINTENANCE

CONSERVATIVE APPROACH IN DESIGN AND EXECUTION

NEW DEVELOPMENTS: (UNKNOWN) RISK

TREND TOWARDS DBFM CONTRACTS

MORE RESPONSIBILTY AND RISK IS SHIFTED TOWARDS THE CONTRACTOR
CONTRACTOR IS GIVEN MORE FREEDOM IN DESIGN
PERFORMANCE-BASED APPROACH

(I R Iy Iy Ny W W W

OWNER = MAJOR RISK HOLDER
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Wait & See approach

condition
degradation

"y
....
-~

EN 1990 Eurocode — Basis of structural design
1.5.2.8 Design working life Assumed period for which a structure or part of it is to be used
for its intended purposes with anticipated maintenance but without major repair being necessary.

. L[] 'S Ny 'S L[] 'S Ny » L[] .{

intervention level

critical level

tyel time
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Major degradation mechanisms

(O REINFORCEMENT CORROSION
* CHLORIDE INGRESS
* CARBONATION

O ALKALI SILICA REACTION

O FREEZE-THAW

 SULFATE ATTACK
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Current approach for durability design

(d DEEMED-TO-SATISFY (as covered in current codes):
« MINIMUM CEMENT CONTENT
« MAXIMUM WATER BINDER RATIO
* MINIMUM COVER DEPTH
 CURING CONDITIONS
* MAXIMUM CRACK WIDTH
BASED ON EXPERIENCE AND/OR LOCAL EXPERT OPINION
PREDEFINED TO A GREAT EXTENT
LIMITED FREEDOM

NO DIFFERENTIATION IN TYPE OF CEMENT, TYPE OF STRUCTURE, LOCAL EXPOSURE
CONDITIONS

NO ECONOMICAL OPTIMISATION
NO QUANTIFICATION OF PERFORMANCE (OVER TIME)

U 00D

(N
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Performance-based approach

condition Prediction through modeling of

degradation

critical level

time

tdsl
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Structural Service Life Aspects

Requirements for a performance-based approach

DESIGN SERVICE LIFE tdsl [yr]

ACCEPTANCE CRITERION: WHAT SIGNIFIES END OF SERVICE LIFE?
MATHEMATICAL MODEL FOR EACH DEGRADATION PROCESS
INPUT VALUES FOR ALL MODEL PARAMETERS

VARIABILITY AND UNCERTAINTIES: PROBABILISTIC APPROACH

I Wy WOy W
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FIG 1, Schematic sketch of steel corrosion sequence in concrete.

Female Conceptual Mathematical
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Leidraad 1

Duurzaamheid van constructief beton met
betrekking tot chloride-geinitieerde
wapeningscorrosie

Tabel 1.2. Maximale waarde van Drcy na 28 dagen verharden bjj een bepaalde betondekking per type

Levdraad voor hetformuleren van prestatie-isen bindmiddel en milieuklasse voor een ontwerplevensduur van 100 jaar
chtergrondrappol

- maximale waarde van Dgcy (1072 m?/s)
(O]
)
0 o
o £
c 0 CEMI CEM I+l CEM Il CEM II/B-V
S 0 type of cement
g v 25-50% S 50-80% S CEMI + 20-30% V yp
b g g XD1,XD2, | XS2, | XD1,XD2, XS2, XD1,XD2, XS2, XD1,XD2, XS2, Ty
'9__) a | XD3,XS81 XS3 XD3,XS1 XS3 XD3,XS1 XS3 XD3,XS1 XS3 P g P
35 45 3.0 1.5 2.0 1.0 2.0 1.0 6,5 515
40 50 a5 2.0 4.0 1.5 4.0 1.5 12 10
45 55 8.5 3.5 6.0 25 6.0 2.5 18 15 .
concrete quality
50 60 12 5.0 9.0 L5 8.5 EJEG) 26 22
5 65 17 7.0 12 5.0 12 5.0 36 30
60 70 22 9.0 16 6.5 15 6.5 47 39

Met deze benadering wordt geacht dat de kans op corrosie-initiatie voor het einde van de beoogde
levensduur minder dan circa 10% is bij betonstaal en minder dan circa 5% bij voorspanstaal.

..... with this semi-probabilistic approach it is expected that the probability of corrosion initiation
is less than approximately 10% for reinforcing steel and less than approximately 5% for
prestressing steel.”
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The ‘Dutch’ Approach: ‘probability less than approximately 10%’

25 -
td5| = 100yr

CEM II/B-V - XD

20 1 CEM III/B - XD
CEM III/A - XD
CEM |- XD
CEM II/B-V - XS

15 -

CEM IlI/B - XS
CEM II/A - XS

10 ol --wtarget Ievel amn Ty (3 (N LR R R R LY ATyt CEM I i XS

probability of depassivation, Pgep [%]

30 40 50 60 70

mean cover depth, pc [mm]

Equal performance??
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The ‘Dutch’ approach: realistic requirements?

Draft May 2008

Tabel 1.2. Maximale waarde van Dgrem Na 28 dagen verharden bij een bepaalde betondekking per type
bindmiddel en milieuklasse voor een ontwerplevensduur van 100 jaar

gemiddelde maximale waarde van Drgy (10 m?/s)
betondekking
(mm) betondekking per type
_ ) CEM II/B-V
g | g4 CEM | + 20-30% V
& g XD1,XD2, | XS2,
3 154 XD3,XS1 XS3 -
CEM II/B-V
35 45 3.0 2.5 CEMI + 20-30% V
45 55 9.0 7.5 XD3,XS1 XS3
50 60 13 11
55 65 17 15 6,5 55
60 70 23 19 12 10
Zie opmerkingen onder tabel 1.1 18 15
26 22
55 65 36 30
60 70 47 39

Zie opmerkingen onder T

Final version March 2009

Reason: ageing factor n 0.7 ====)> 0.80
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The ‘Dutch’ Approach — Rijkswaterstaat opinion

Guideline for service life design of
structural concrete -

A performance based approach with
regard to chloride induced corrosion

HOWEVER

Gert van der Wegen !, Rob B. Polder 23, Klaas van Breugel *

+SGS INTRON BV, Sitard, the Netherlands In 2011 Rijkswaterstaat has officially qualified this

2 TNO Building Engineering and Civil Engineering, Research group Building Materials,

Dt the Netherlands approach to be UNsuitable to be used in RWS-

3 Delft University of Technology, Faculty of Civil Engineering and Geosciences, Section

Materials and Environment, Delft, the Netherlands prOjeCts,' this is known to the authors but has not
been mentioned in their article
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TEMPERATUUR

VOORUITZICHT NEDERLAND

ZA Z0 MA DI WO DO VR
D =~ o o o o o o ] o
,;,?;,:,’;tm“‘ 22° 13° 20° 13° 20° 1P 21° 12° 21° 13° 22° 16° 20° 13°

rain 40%  20% 10% 40%  50%  90%  90%
sunshine 70% 60% 50% 50% 40% 40% 10% |
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Physical meaning of probability of depassivation P,

L Result of probabilistic calculations: P, [%] ; range: 0-100%
1 What is acceptable?

 Physical meaning?
* Relative number?

e Relationship with damage?
* What is the meaning of Py, = 0% and P, = 100%?

VAGUE — CONFLICTING — NO ANSWERS

RISK = PROBABILITY % CONSEQ/L\JENCES
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Probabilistic versus deterministic calculations

Mean values: ¢y, = 25mm

Probabilistic: uc = 62mm

n: p=0.50; 6=0.20

100 -+ o
= Dremo = 110mm?/yr
-z (3.5-10"2m?/s)
80 - I= tast = 50yr
§ CEM I11/B - XS3
(<} oC = 8mm
©

60 1

40 -+

20 A1

probability of depassivation, Pdep [%]

O T E T T
0 20 40 60 80 100

mean cover depth, pc [mm]
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Influence of ageing factor (m and s)

A: un =0.50; on =0.075 (CUR)

70 1
Drewo = 110mmyr B: un = 0.50; on = 0.20
(3.5-10?m?/s)
tysi = 50yr C:un =0.50; on =0.0675

CEM I111/B - XS3

D: un = 0.45; on =0.20 (fib 34)

40.8mm < puc < 71.5mm

probability of depassivation, P gep [%]

mean cover depth, pc [mm]
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Impact of the ageing factor n

WEERSTAND TEGEN CHLORIDE-INDRINGING
VAN POEDERKOOLVLIEGASBETON

MEER INFORMATIE: MICHEL BOUTZ MICKEL B0UT.

lane

af metde t

s dus veel hog

VEROUDERINGSCOEFFICIENT EN
LEVENSDUUR VLIEGASBETON

In Nederland wordt al meer dan

20 jaar attestbeton succesvol ingezet

een lage carbon footprint, algemeen
erkend worden, is er sinds enkele

jaren discussie over de hoogte van de
verouderingscoéfficiént. CUR Leidraad
1 ie-ei: ten aanzien

op grote schaal. bevat
relatief weinig cement (= 200 kg/m’)
en veel viiegas (s 100 kg/m’). Alhoewel

P
van de duurzaamheid van constructief
beton met betrekking tot chloride

de van z0als

Toegepaste soorten cement en viiegas

ONDERZOEK CEMENT

Invioed haskoms! poederkoolvikeges CEM [525N - Prodpcent A G

18 niveay CEM 1525 N Producent A Ca;

CEMI525N = Froducant B

CEM 1525 = Froducent C

=
Centrale )

In het achterliggende levensduurmodel
wordt voor vliegasbeton gerekend met
een verouderingscoéfficient van 0,70
in XD2 en XS3 en 0,80 in XD1, XD3

en XS1. In de literatuur worden zelfs
nog hogere waardes tot 0,9 vermeld.
Het effect van de n-waarde op de
evensduur van vliegasbeton, berekend
met het model uit CUR Leidraad 1,

is zeer groot, zoals onderstaande
grafiek laat zien.

1000.000
- xs3

100,000
—xD3

10.000

Service life (years)

Tevensduur (jaren)

080 065 070 075 080 085 090

verouderinascodficiént n

(ONDERZOEKSPROGRAMMA SGS INTRON
In opdracht van Kema/Viiegasunie
voert SGS INTRON daarom een onder
zoek uit naar de invioed van de her-
komst van de vliegas en van de sterkte
van het cement op de hoogte van de
verouderingscoéfficiént.

In totaal zijn 5 mengsels viiegas-
beton onderzocht. Deze mengsels

1.000.000

100.000

10.000

1.000

100

10

Joost Gulikers &

i

B XS3
IR XD3

0,60 0,65

i ) I 1 i

0,70 0,75 0,80 0,85 0,90

ageing factor n

.
-
-
-
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Concluding remarks on probabilistic approach
(from an owners perspective)
No consensus on (mathematical) model

-
-
-
-

Limitations and pitfalls of degradation model should be taken into account
No consensus on input values for model parameters

Output very sensitive to some parameters (m and s)

Modeling becomes prone to massage / manipulation of input values

Experts required

Probability of depassivation has no clear and unambiguous physical meaning
Risk is normally not addressed

For practice more common sense is needed
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3. Corrosion prevention in marine concrete
structures. Relevance of monitoring systems

Manuela Salta
LNEC

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL
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Topics

1. Introduction
2. Durability of reinforced concrete
2.1 Deterioration processes and causes of deterioration
2.2 Durability design
2.3 Preventive strategy
3. Performance structures evaluation
3.1 Permanent monitoring systems
3.2 Applications in structures
4. New challenges on preventive methods
4.1 New sensors development
4.2 Nanomaterials and corrosion prevention
5. Final remarks
6. About DURATINET
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. . 1. Introduction
Reinforced Concrete : steel protection

 concrete cover barrier effect
O steel film passivation due the high concrete alkalinity

Concrete cover )

\

Passivation film ; _ _
e ‘& g XE=1Y

... and this excelent protection makes people believe during many years in the
myth that concrete is forever, and during longtime it was considered a magic
material that would last for generations without any maintenance and also
without requiring specific durability design




