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21 211 2.12
2.13
6 4 18
Technical Session 3 (Plenary Session)
12
18 17

(1) Advancesin Load and Resistance Factor Designh Research
(2) Bridge Management System

(3) Prefabricated Bridges

(4) Nondestructive Evaluation of Bridge
(5) Accelerated Construction

(6) Seismic Design and Evaluation

(7) Bridge Durability

(8) Innovative Materials and Methods
(9) Seismic Design and Retrofit

(10) Bridge Health Monitoring

(11) Innovative Methods

(12) Extreme Events

(13) Scour and Maintenance

(14) Innovative Methods

(15) Bridge Evaluation and Load Rating
(16) Innovative Design and Research
(17)Bridge Aesthetics

Security



2000 9 11

highway
infrastructure extreme
performance-based
2.1
2.1
1 very important
2 cases repairable
negligible
1
truck bomb 2

hand emplaced explosive

structural redundancy / /

deflection 5




hand emplaced explosive
deflection 12
8
2
1 1
1 2
3 dlightly important
1 1
4 insignificant
! 1
2
acceptable damage
acceptable
risk available resources bal anced assessment
physical security site layout
closed-circuit television,
CCTV CCTV

emergency response time



structural response

[ | surveillance

offset

pressure-time fistory
2.2

segmental box girder

criticality

recess
confined area

2.1

cable-stayed



Pressure

Time

2.1

Pressure builds up in confined
areas due to wave reflections
N

2.2
2.2 High-Performance Materials, HPM
HPM
10 FHWA
HPM
100 FHWA
HPM 21
The Transportation Equity Act for the 21st Century,
TEA-21 6 12
Innovative Bridge Research and Construction Program, IBRCP
FHWA
7 8 IBRCP
HPM 275 Louis N HPC

HPS Fiber-Reinforced



Polymer composites, FRP composites

1.HPC
ACI HPC
FHWA 4 4 HPC
2.2
2.2
Standard Test FII'W A HPC Performance Chorsctenistic Cirade”
Pirformance Charactensixc® I eihiod ] 3 k]
Freezs-thaw durability AASHTO T 161
(FiT=relalive dynamsc modulus | ASTM O G664 TOEZRT<B0M% RO ST <005 HWIHEFT
of elnstlciy after 300 cycles) Proc. A
Sculing reaistance”
{5R=visual rating of the surface | ASTM O 672 I 0zE5R=2110 2.0=5R=1.0 1.5 R200
aller 5 cycles)
Alrasion nesizlance”
{(AR=avg, depth of wear n mm) | A5TM C %44 20eARE0 1.0 AR 15=AR
Chlaride penetration’ AASHTO T 277
{CP=coubornbs) ASTM C 1202 2AOCT | 500 15000 P S00 S0P
Alkali-silica reactivity
{ASR=expansion ai 56 d) {%) ASTM C 441 . I0eASRD. 15 0. L 52ASE>0, 10 0.1 0=ASE
Sulfate resirance ER<0. |0 [
, £0.10 SR=0.10
(SR=expansion) {%) AFTMC 1012 a4 6 mosihs at 12 moanths at 1% momtis
o AASHTOT 119 S5 | {0 mam
Flowszhiliry ASTMC 143, and | (SL>7-1/2 in), and | SO0SSPSE00mm | 600 mmeSE
(SL=slump, SFaslump flow) proposed slump | SF<500 mm (2055F<24 in) (24 in<SF)
flaw fest (EF=T in}
Swength® AASHTO T 22 S50 6% MPa B9 <97 MPa 7 MPu=r,
(f jscompressive strength) ASTM C 30 (BSF o |0 ksl (LO=E <14 kss) (14 ksisE}
Elaslcin® M<E <41 GPa 412E, <48 GPa 48 GPusE,
) ASTM C 469 - ,
(F_=modulus of elasticing) (SSE <bu]0f pai) | (BCBE<Tal0f pai) | (TxI0F psigE)
Shrinkage’ AASHTO T 160
{S=micrastrain) ASTM C 157 052000 60052400 00§
(Cemicrastralnpressure unit) (L300 A0 pal) | (03E2CS0.21ps) | (021 psiC)

Morme: This wable does mot represent a comprebensive Hst of all charcienistics that geod conerele should exhibit. B does kst
chiafacteristics hal can quantifiably be divided ineo different perfesmance groups. Other charncteristics should be checked, O
characteristic is sufficien For clussificalion as an HPC.
" For noa-hent-cured prodicts, all lests 1o be perfomed an cancrete sasmples moisl, ssbmersion, or match cured for 36 days ar
unkil tesl age. For beat-cured produsces, gl iesis o be perfommed on concrese samples cored with the membser or mutch-cured
until e mge. See Table 13 of the Henry Buassell report for addiibons) isformstion sed exceptions, or Table 2 in the FHW A
ication keabnd a0 hip:@www. fhwoodocgowbridgefsypoded, hom,
A given HPC mix design ds specified by o grade for each desired performance characteriszic. A Bigher grade numbsr indicates
u higher level of performance. Performance characierisiios asd grades should be selecied for the particulsr project. For
enasnple, o dafrele fmay perfonm ol grade 3 in strength and elesteiny, grade 2 in shrinkage and scaling resistance, asd grade 7 i

#ll viher colcgories.

¥ Based ca SHRP CYFR-91-103, p, 3,52,

4 Bisead an SHRFP 5-360,
“Pased om SHEP CFR-91-103,

! Based on PCA Eagineering Properties of Commercially Available High-Strength Concrotes, RDI04,
F Ll | itrengithx for decks and subsanuctures.
* Based on SHRP CFR-41-103, - 207, Modulus of elasticily is relsted 1o strengih, and IF & lewer sireageh B9 speeified for decks,
the messune of effectivensss should be pm'pnrhuruﬂy lovwoar, See AASHTO LEFD Bridps Peeign Specifiontions, Article 5.4.2.4.

" Besed on SHRP CFR-91-100, p. 3,25
1 Hased on SHREP CFR.91-104, p 3,300



HPC

resistance
1990
ps
6,000 psi
AASHTO

2003 2004
2.3 2.4

2.3 2003

HPC

4,000 psi
1990

HPC

AASHTO

HSC

girder lines
scaling
10 HSC
HPC
4,000 6,000

5,000 6,000 ps

HPC

G

(Table 3.5.1-1)

DESIGH EPECIFICATIONS

Ar i 2003 Annual Meeting, the AASHTO Subcommibites on Bridges and Structures approved a
numiber of revisions 1o the AASHTO LEFD Bridge Design and Construction 5pecifications for
the 2004 editicns, to facilitate the implementation of HPC. Please note the following is only a
sumimiary of the approved revisions. The revisions do not become ofTicial specification wriicles
until they are published by AASHTO. Once codified, these revisions will have the following

Recognize that concrete unit weight increases os concrete compressive sirength increases

Exiznd some provisions Lo concrete compressive sirengihs greates than 1000 ksi
(Aricles 5.1 and 5.4.2.13

Allow concrete compressive strengihs 1o be specified ol ages other thon 28 days (Article 5.3)
Aldlow the use of ground granulated blast-furnace slag (Amicle ©5.4.1)

Allow higher cementitions materials content for high strength concrete {Anicle 3.4.2.1)

CONSTRUCTIOM SPECIFICATIONS
Introduce two new classes of HPC (Articles 8.2, 8.3 1, 84_1, B 4.4, B.6.6, B.6.7, and 8.11.1)
Allow the use of ASTM 1157 Blended Hydraulic Cement (Article 8.3.0)

Allow a combined agegregale grading (Adicls 8.3.5 and a new Appendix)

Allow the use of ground granulsted blast-Tumsee slag (Adicles B.3.7. 8.4.4, ond 8.6.4.1)
Allow higher comentitious materials content for high strength concrete (Anicle 8.4,.3)
Recognizs the use of dxB-in. cylinders (Article 3.5.7.1)

Allow concrole compressive strengths to be specified ot ages other than 28 days
{Articles 8.5, 7.3 and 5.5.7.5)

Require the use of mutch-cured cylinders Tfor high strength precast concrete {Article 8.5.7.5)

Ensure proper curing of HPC (Articles 864,01, B 111, 81135 B.11.4, and 8.13.4)




24 2004 AASHTO HPC

Al its 2003 Annual Meeting, the AASHTO Subcommines: on Bridges and Structures approved a
number of revisions 1o the AASHTO LREFD Bridge Design and Construction Specifications for
the 200 editions, to fecilitate the implementation of HPC. Please note the following is only a
aumimary of the approved revisions. The revisions do not become official specification articles
until they are published by AASHTO, Once codified, these revisions will heve the following
it

DESIGH SPECIFICATHONS

Recognize that concrete unit weight increnses as concrete compressive strengih increases
{Table 3.5.1-1)

Exiend some provisions o conorete compressive strengths greater than 10,0 ksi
{Aricles 5.1 and 5.4.2.1)

Adlorws concrete compressive strengths o be specified s ages other then 28 days (Aricle 5,33
Adlow the use of ground granulated blest-furmece slag (Amicle C5.4.1)

Afdlow higher cementitious materials content for high strength concrete (Amicle 5.4.2.1)

COMESTRUCTION SPECIFICATIONS

Introduce two new classes of HPC (Aricles 8.2, 831, 8.4.1, 844, B.6.6, B.6.7, and 8.11.1)
Adlowr the use of ASTM 1157 Blended Hydraulic Cement {Article 8.3.1)

Adlow a combined aggregate grading (Article 8.3.5 and p new Appendiz)

Adlow the use of ground granulated Blast-fumsce slag CArticles 8.3.7, B.4.4, and 8.6,4.1)
Allow higher cementlitious malerials content for high strength concrete (Amicle 8.4.3)
Recognize the use of 4x8-in. cylinders (Anicle 8.5.7.1)

Allow concrole compressive strengths to be specified at ages other than 28 days
{Articles 8.5.7.3 and §.5,7.5)

Require the use of match-cured cylinders for high strength precast concrete (Article 8.5.7.5)

Ensure proper curing of HPC (Articles B.6.4. 1, 8 11,1, 8 11.3.5 8114, ond §.13.4)

10 HPC
HPC self-consolidating concrete,
SCC
HPC 15 HPC
ultrahigh-performance concrete, UHPC FHWA
2.HPS
HPS toughness

10



Grade HPS50W  HPS70W HPS 100W

HPS
HPS
preheating postheating
hydrogen-induced HPS
HPS
HPS 1997 HPS Nebraka
Tennessee 2004 200 HPS HPS
3.FRP Composites
FRP
aramid polyester vinylester
FRP
FRP
reinforcing
bar
FRP
FRP
10 15 FRP
FHWA FRP AASHTO
FRP 10 15 FHWA
FRP nanocomposites
self-inspecting
self-repairing
1
24,000

HPM HPM

1



2.3

deterministic
idealized
2.4
Austin Florida
segmental bridge
4
" 1
m 2
m 3
B 4
Florida
magnetic flux
invasive
borescope grouting mock-up

2.3

12



pourback

13



5. 10
trumpet area

2.5 Connecticut

20
30

2.6 Virtual Wireless Infrastructure
Evaluation System

system identification

Daniel N.
system intelligence

14



2.4
user-friendly

2ddddd

A4

24 wise
transceiver 2.5(a)
USB 2.5(b)
1 routing wring
2.
3. software-based

4. sensor level

heal th-monitoring

15



@ | (b)
25 (a) (b)

2.7

Pennsylvania Turnpike Commission, PTC
3

2. FHWA PTC

3. PTC

PTC National Bridge Inspection
Standards, NBIS 840
PTC 2

2.8

1980 1990
60 150 200

16



G.C.M. Gad

heterogeneity

effective

oC(xt) _ D 0°C(x,t)
ot ox?
X
t
C xt t X
D

Collepardi Fick
Collepardi  Fick

Cy(x,t) = Cy; +(Cye— Cd;i)erfclz \/%CJ
Cqg Xt t X

Ca; uniform
Cois

Dy

17

Fick

Fick

analytical solution



error function, erf

complementary error function, erfc

1990

time

Dcl (t) = Dcl;o(tTO)n

Dy t

Dao t to

to reference period

t

n aging coefficient
Dg t 2

X

gamma function

time-dependent

CC| (X’t) = Ccl;i + (Ccl;s - Ccl;i) e erfc

Fick
4

‘ D, t
Dy ()dt = —2(2)" et
{ a0t = 2 ()" e

4

X

\/40 Dd;o(tto)n ot

(O<n<))

Ccl (X!t) = Ccl;i + (Ccl;s - Ccl;i) e erfc

Fick

18

Dy.
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exposure
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1 3500

2
2.6
81
relative frequency fm2im?], %
9.0
— initiation of corrogion
60 |-
30 |
00 ] 1 |
0 20 40 B0 B0 100
age of structure [years]
2.6
2.9 Bridge Collapse Detection System
Queen Isabella Memorial Bridge QIMB 12,510
146 2001 9 15 barge
160 2.7 8
QIMB 2004 11
QIMB
off-the-shelf

842,861.80

19



27 QIMB

2.10
FHWA 59
26,472
60% FHWA
2
FHWA
FHWA 1988
low risk

unknown foundation

FHWA
2003
19,333

FHWA 23
HEC-23

20

484,546

scour susceptible
scour critical

484,546 351,538
86,133 26,472

hydraulic engineering circular,



inhibit

river training structure

aerid
local armoring articulating
HEC-23
1993 HEC-18 FHWA
sonic fathometer NCHRP
magnetic dliding collar
devices
float out
device
tilt and vibration
Sensor

FEMA flood insurance studies

21



FHWA HEC-18

variables
HEC-18
trigger threshold
HEC-23
permitting
issues
riprap

22



accessibility
debris

owner’s group
FHWA

chan of
command

211

cost-effective

multiobjective optimization
genetic algorithm
Min
criteria
multilinear computational
model
random variables

23



Monte Carlo simulation

performance indicators

trade-of f
analysis
2.12
12
1. Rochester  Troup Howell
Troup Howell 1-490 Genesee Rochester

context-sensitive

Erdman Anthony and Associates
aesthetics committee

H2L2
American Institute of Archtects
feedback
8 132 Genesee
3 rib Vierended
2.
Sun

double arch 2.8

and Moon Bridge construction depth

24



3

Street Bridge

Brightman Street Bridge
50 55

batching 7

Administration, TSA

Somerset  Fall River  Brightman

16 7,200

washout
mock-up

Transportation Security
TSA

25



TSA FHWA AASHTO
self-assessment modules web-based

asset-specific practices and protocols
stakehol der TSA
baseline
TSA session
TSA
www.tsa.gov/risk

Defense Threat Reduction Agency, DTRA
U.S. Army Corps of Engineers’ Engineer Research and
Development Center, ERDC
DTRA

Consequence Assessment Tool Set-Joint Assessment of Catastrophic Events
CATS-JACE

Transportation Pooled
Fund full-scale

DTRA ERDC

6.TRB

5 Homeland Security Presidential Directive 5
National Incident Management System
tribal

effectively
efficiently

2000 9 11 63 TRB
Cooperative Research Programs
950 AASHTO APTA Executive Committee
Security Affairs Steering Committee
Security Research  NCHRP 20-59

26



Surface Transportation Security Research
63 34 23 6
gulliver.trb.org/publications/dval CRP-Security Research.pdf
www.trb.org/publications/dval/SecurityActivities.pdf TRB
National Academies TRB
TRB
www4.trb.org/trb/homepage.nsf/web/security
TRB
TRB

550

@
(b)
(©)

(@ (b)

2003 2 White House Report

3 TRB AASHTO FHWA

NCHRP National Cooperative Highway Research Program
AASHTO FHWA Transportation Security Administration

multimodal
entities

27



al-hazards

9. Bridging Future Now

self-propelled modular transporters, SPMTs

SPMTs
SPMTs
30
10.
SPMTs
bowstrings SPMT
self-propelled platform trailer
jacking system barge project-built solutions 6,000
SPMT
(a)Demka
Utrecht Amsterdam-Rhine Canal
5,000 192 axlelines SPMT (b)
Deurne 3,000 Wommelgem
1,800 88 56 SPMT
82 (© Ghent 900 40
SPMT
11. hydraulic modular platform transporters
Pensacolal-10 9.17 10.8, 2004
Pensacola  1-10 8,000
33x64 300 2004 9 lvan
66 12 58
reposition

relocate

28



24 nine-line

450 tending
tugboat single heavy deck
sole plate
17
7 150
12. Bridgesto Prosperity, B2P
footbridge
development groups
B2P
2001 Blue Nile 350 B2P
2003 B2P
Helvetas
1,200 2004 B2P
5 3
Road Ministry  B2P
2
B2P afforable
services
2.13
MassachusetspoBagtiiroanAut hor it
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commuter rai.l
1. Subway

189 7
100
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Sunday, July 17, 2005

4:30 p.m.-6:30 p.m.

Projects Showcase Poster Session (light reception included)

Monday, July 18, 2005

8:30 a.m.-9:30 a.m.
9:30 a.m.-10:00 a.m.
10:00 a.m.-11:30 a.m.
11:45 a.m.-1:15 p.m.

1:30 p.m.-3:00 p.m.

3:00 p.m.-3:30 p.m.

3:30 p.m.-5:00 p.m.

Opening General Session

Coffee and Tea Break

Plenary Session 1: Security, Reliability and Sustainability

Monday Lunch (with speaker)

Technical Session 1: Advances in Load and Resistance Factor
Design (LRFD) Research

Technical Session 3: Prefabricated Bridges

Technical Session 2: Bridge Management Systems (BMS)

Coffee and Tea Break

Technical Session 4: Advances in Load and Resistance Factor
Design (LRFD) Practice

Technical Session 6: Accelerated Construction

Technical Session 5: Non-destructive Evaluation (NDE) of Bridges

Tuesday, July 19, 2005

8:30 a.m.-10:00 a.m.
10:00 a.m.-10:30 a.m.

10:30 a.m.-noon

Noon-1:15 p.m.
1:30 p.m.-3:00 p.m.

3:00 p.m.-3:30 p.m.
3:30 p.m.-5:00 p.m.

Plenary Session 2: Security, Reliability and Sustainability

Coffee and Tea Break

Technical Session 7: Seismic Design and Evaluation

Technical Session 8: Bridge Durability

Technical Session 9: Innovative Materials and Methods

Tuesday Lunch (with speaker)

Technical Session 10: Seismic Design and Retrofit

Technical Session 11: Bridge Health Monitoring

Technical Session 12: Innovative Methods |

Coffee and Tea Break

Technical Session 13: Extreme Events

Technical Session 14: Scour and Maintenance

Technical Session 15: Innovative Methods |l

Wednesday, July 20, 2005

8:30 a.m.-10:00 a.m.
10:00 a.m.-10:30 a.m.

10:30 a.m.-noon

Plenary Session 3: Security, Reliability and Sustainability

Coffee and Tea Break

Technical Session 18: Bridge Aesthetics

Technical Session 16: Bridge Evaluation and Load Rating

Technical Session 17: Innovative Design and Research
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