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PMISS 2X: Value Chain

Secondary Activities

Firm Infrastructure
- (general management, accounting, finance, strategic planning)
(]
S Human Resources Management
T (recruiting, training, development)
<T
g Technology Development
Q & (R&D, product and process improvement)
= | 3
cs (purchasing of ra?vrr?r:;;?aze;v‘;chines. supplies) n:’;:;il:‘
b Inbound Operations Outbound Marketing Service
= |Logistics Logistics and Sales
.; (raw (machining, (warehousing (advertising, (installation,
&’ materials assembling, and promotion, repair,
> handling testing) distribution pricing, parts)
«c |and of finished channel
g warehous- product) relations)
o |ing)

Primary Activities

Analyze the internal operations of a corporation to increase its efficiency, effectiveness and competitiveness.
A company analysis by systematically evaluating a company’s key processes and core competencies.
Activity support using IT to adding value to the company and finally maximize the company’s profit!
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PMISS 2X: Value Chain

Firm
Infrastructure

Human
Resources
Management

Technology
Development

Procurement

Value

Secondary Activities

Logistics Logistics

Primary Activities

Financial < Regulatory Community
Accountin
Policy z Compliance egal Affairs
F"g.h t, Route and Pilot Training Bagga_ge Agent Inflight
Yield Analyst Saf Traini Handling Trainin Trainin
Training S ALl Training g 9
Computer Reservation System, Inflight System Ders;?::rﬁ:mt ?Zaggjfge
Flight Scheduling System, Yield Management System
9 8 SV 2 L4 Market Research System
= Information Technology
Communication
- Route Selection - Ticket Counter - Baggage = Promotion = Lost
- Passenger Operations System - Advertising Baggage
Service System - Gate = Flight - Frequent Service
- Yield Operations connections Flyer = Complaint
Management - Aircraft - Rental Car - Travel Agent Follow-up
System (Pricing) Operations and Hotel Programs
- Fuel - Onboard Reservation - Group Sales
N . Service System -
= Flight Scheduling = Electronic
- Crew Scheduling = 5399?99 Tickets
- Facilities Planning e L)
Aircraft = Ticket Offices
Acquisition
Inbound Operations Outbound Marketing Service

and Sales

Managerial Issues

Risk in implementing strategic IS
Planning

Sustaining competitive advantage
Ethical issqgs
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Information Technology (IT)
o Technology itself
o e.g. server, hardware, software, etc.
o Under the information systems umbrella

Information Systems (IS)
o Large umbrella
o Combination of ITs

o Systems designed to create, store,
manipulate or disseminate information

Organizational Structure
o Project IS
0 Department IS
o Enterprise-Wide IS
o Inter-organizational IS

-
‘\ Unix ﬂ ﬁ
- Enterprise 2
ﬁ' i E’ Server i
. il — _
e 4 | :
ETarm j‘ g
5 | Sl
Bz} i |
m— il -
Serial Terminals | AR

In-house operations

DIALUP/T1/T3/ISDN/FRAME RELAY

1/T3[ISDN/FRAME RELAY

Thin Client

Appliance o

[=)

Py Appliance Appliance
— Unix Server ,
Enterprise Store 3 e —— )
Server - e . Appliance
On-line Multi-station Store o Server
. Store 3
Store Location 1 -

On-line Multi-station Store

Store Location 2

11



PMIS
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¢+ How can IT support strategic IS management?

o Change in processes - Competitive intelligence
o Link with business partners (supply chain management)
o Relationships management between suppliers and customers

CRM

*CRM: Customer Relationship Management
system

*ERP: Enterprise Resource Planning

&Q‘- 7 Individual 1 ' Y |
N &, customers Jed 7 Airlines: o é
e CEC) ERP
B System HOteIS/

B2C Application server

Interm

i Application Integration B2B |+

Firewall

Intranet

E _ Corporate

‘ L server i)
Y& clients 3
Database SR LAN Car rental
Legacy
CUSTOMERS
system SUPPLIERS

12
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¢ Strategic IS

o Gain competitive advantage: An advantage over competitors in
some measure such as cost, time or quality

o Improve core competency: Employee productivity or operational
efficiency

13
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/3 ProjectNet - Blue-Line/On-Line. Inc. - Microsoft Internet Explorer

/3 ProjectNet - File View - Microsoft Internet Explorer

-3 ProjectNet - File Yiew - Microsoft Internet Explorer

’3 ProjectNet - File View - Microsoft Internet Explorer

fa ProjectNet - YView Meeting Minutes - Microsoft Internet Explorer

I

V¥ebcor Builders =
2755 Campus Drive Suite 175, San Mateo, California 94403-2514 Ph:650 349-2727 M119
Meeting Minutes
NMumber: 16
Project: Electronics for Imaging
Hame: EFI TENANT IMPROVEMENTS Date: 05-NO%-1998 01:00 PM
Purpose: OWNER - CONSTRUCTION PROGRESS Duration: 2.5 hours
Location: EFI JOBSITE TRAILER
Meeting Chair: Mike Penney (Webcor Builders)
Current Date & Time: 18-JAN-193939 02:34 PM [GMT -08:00) Pacific : Pacific Time (U.S. )
Attendees: Eric Horn (Webcor Builders) Copies To: Anil Panguluri (Blue-LinefOn-Line, Inc.)
Jim Williamson (WWebcor Builders) Chris French (Blue-Line/On-Line, Inc.)
Joe Donati (Electronics For Imaging, Inc.) YWoolsey Mckernon (Blue-LinesOn-Line, Inc.)
Michael Wright (Electronics For Imaging, Inc.) Lara Conte (Gensler)
Roger Wang (Electronics For Imaging, Inc.) Andy Schreck (Webcor Builders)
Gary Gellin (Critchfield Mechanical) Bill Kalff (WWebcor Builders)
Carl Brosius (KC Future Planning, Inc.) Gary Crowe (Webcor Builders)
Mike Penney (Webcor Builders) Laura Ballard (Webcor Builders)
Larry Penta (Gensler) Steve Gustafson (Critchfield Mechanical)
Darren Wilford (CRI) Joe Fay (Alfa Tech Consulting Engineers)
Joe Hansen (WWebcor Builders) Ron Bush (&lfa Tech Consulting Engineers)
Mike D'Agosta (WVWBE Telcom) Alan Koizumi (Schwartz & Lindheim)
Steve Nicholson (Electronics For Imaging, Inc.) Paul Lunger (Schwartz & Lindheim)
Steve Rhone (Schwartz & Lindheim) MNancy Browwn (CRI)
Warren Fay (Electronics For Imaging, Inc.) Kevin Thomas (Allied Fire Protection)
Alex Petrovic (Landis & Staefa) Jim Evans (Ceitronics) LI

_ e
— it
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ga:\lﬁup Template Problem Backup
(D%+:;;) Guidance Shooter (DC+DB)
®-2 @-2 ®-2 @-2
P I PMP PDCA LLF
rg)-cisa Baseline PCS Feedback
@-1 ®-1 @-1
2y 2 Front End E ti Post
. Bidding @ . Plannina_@ . xecution @ . Project ®
(Pre-Planning) (Planning) (Management & Control) (Closing)
] LLF
Proposal Project Team Feedback
®-3 @-3 @-3

Backup Service Center (DC+DB)
(Outsourcing + Expatriates) @-5

% DC+DB : Data Center & Database
¥ PMP : Project Management Plan
¥ PDCA : Plan, Do, Check, Act

¥ LLF : Lessons Learned File
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HO1E el VS HHICIH

+ Big Data < G|O|E{O}0|d + 3V(Volume, Velocity, Variety)

o Knowledge discovery from data

o Extraction of interesting patterns or knowledge from huge amount of data

Interpretation/
Evaluation

Preprocessing

Transformed
. s ALTERNATIVE NAMES

Selection
@53 Preprocessed Knowledge discovery
Data Data (mining) in databases (KDD)
» Target Knowledge extraction
@ D Data/pattern analysis

Information harvesting

18
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¢ Data

o Raw description of things, events, activities and transactions that are
recorded, but alone do not convey any specific meaning (e.g. 400,000)

¢ Information

o Data that have been organized so that they have meaning and value to
the recipient (e.g. Current $400,000 house price)

+ Knowledge

o Information that has been organized and processed to convey
understanding experience and expertise as they apply to a current
problem or activity (e.g. The current $400,000 house price is cheaper
than the last year’s price. The property market may be deflated.)

19



¢+ Raw Data: H|C|2 2 =HE] AHAH
¢ Information: Md+==9| {X| &

o A2 #H A, 0|5 ?IX], A2 2K

¢+ Knowledge: 47| &AM
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VISUAL SOCCER V1.0
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(1) Classification (0| A]: Classifying Mammals)

TRAINING SET
-
ature Birth | gged Label
Human Warm-blooded Y N N Y -
Elephant Warm-blooded Y Y N Y
Leopard shark Cold-blooded Y N N N
Turtle Cold-blooded N Y N N
Penguin Cold-blooded N N N N » :LCLI’II
Eel Warm-blooded N N N N Classifier
Dolphin Warm-blooded Y N N Y
Spiny anteater Cold-blooded N Y Y Y
TESTING SET
~
ature Birth gged Label
Pigeon Warm-blooded N

22
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(2) Clustering

o Given a set of data points, each having a set of attributes and
a similarity measure among them, find clusters such that

« Data points in one cluster are more similar to one another

« Data points in separate clusters are less similar to one another

Intracluster distances Intercluster distances
are minimized are maximized

a

23



PM FHSIE 93t BIEOEH 28
gH°IH s

(3) Association Rule Discovery

o Given a set of records each of which contain some number of items from a given
collection

o Produce dependency rules which will predict occurrence of an item based on
occurrences of other items

IID  Items Rules Discovered:

1 Bread, Coke, Milk {Mllk} 9 {Coke} X

2 |Beer, Bread {Diaper, Milk} > {Beer} O
3 Beer, Coke, Diaper, Milk

4 Beer, Bread, Coke, Diaper, Milk * Marketing and sales promotion
5 Beer, Diaper, Milk * Supermarket shelf management

* Inventory management

(4) Sequential Pattern Discovery

o Given is a set of objects, with each object associated with its own timeline of events, find
rules that predict strong sequential dependencies among different events.

0 Association rule: Concurrent events

o Examples: Computer bookstore: Intro to C++ > MFC using C++

Shoes > Racket, Racketball > Sports Jacket

24
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AX| o{C|A of'd =H|7t ZdSt=71?

con ven cov nu che acc insi gui tes

fix sid sp ve op hy JB mo da IS

3000 ‘\ gap trav
2500 install ek dify ot Sh
2000 e
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(=) nect u
Li 1500 p .\J ite
maint nee cl
b ain o fer
IC
1000 flan att
plate ge ke
D o
500 =525 P
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g o Torep wi
DWG
1 2 s 7 a1 1 s 7 e 1 13 s 7 a u S PO co
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~J

=M= Z+oll o A7 A=t

rir

“valve” 2t &1 S&0ot= H0O

SUPP  vert way Oge dec plu cla pre na bot ma ga act co fo S ac
0 bii ven Ba &d int rel sh wabo inl nu to P en
acce N pos —1=
bal  se lock d sigin presdmps sststrw
oo e l_}ﬁre',nmlevtpgssvﬂgsiuepar.:e
! netad oper e ctio i o
C%TI"" ate pro ble mi P =
o wron isol vid _test gq 8
locat 9 &€ con typ da R br T
€ instru actu "¢ s g 1 o ©
bot  \onia mert ator . eys NG o r' c
ce num devi pag po "d
hande ber ce nee " re t?a h
£ Dv¥ lift g
miss ‘ e plste . man L di j
drain point " ol mai g blo - :’ in |
confir S o r
line e ﬂa;ng CES PID cab con sc prpr v
notc_detl_desc
Valve tags missing-4EA (HV-05026B/C,27329,27362) o0 -
Valve (HV-73008A) tag is missing.Handle touched other valve's body. 180 .f'\o\ SAIEA 2d =0|
"Valve (HV-07527, HV-07530, HV-07528) tag is missing ” 160 '/ ‘\.
Valve(HV-27207) tag is missing (&= tag £ 22 :422 . e
Valve(HV-27207) tag is missing (& tag 2% 225 100 /‘6 \
All valve tag is missing ( PKGH| ZEE M ¥ tag 27| 22-6ea) 80 4 \
All valve tag is missing (5 points - PKG Ul ™ & tag O|& %) ﬁ / "
|
Vawe (HV-27217A, 27217B) tag is missing (& = tag 0|2 %] - 2 points) = A .\
Vave (HV-27221A, 27221B) tag is missing (& 2 tag 0| £ %/ - 2 points) 0 oo—o ° b’
Vawe (HV-27204A, 27204B) tag is missing (& = tag O£ X - 2 points) 10 3 052 7039 ;1 10 3 52 7039 (1)' 10 3 052 7Q39 ;:
_ 1 4 1 4 1
Vave (ROV 27241, 27243) tag is missing (£ 2 tag 0|2 x| - 2 points) 2009 2010 2011

“valve” 2 “tag” It M LILE ZAIEA

- “valve tag?t =2 (miss) = & Xl(install) 2t 2 35tCH” 27
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{tag, valve, install or miss}

-E—X'" % ?_I'O'II O'I I:ll:_ 1'.'_"7-'" 7|‘ 91%7"? . e : “valve taq is_ mit_;;ing, not installed”
imiss, valve} { s |
" ' m T., i ; tagI
- MISS ! : _
“valve is missing” ' Valve k : install
' miss! \ !
Vertical linkage ; i'?@
B = = valv..
{replace, valve} g F
. o — — -m--
velve to be replaced __,{4;4%\,‘@ == I
e E k <2 miss
— — J ¥
= i ’ . Cap
[ (e, ~_Valveds==T" - - \al : > \ valv
- . g y . . p N X L Miss
S, y \ \ ¥ : Vertical linkage
e ,' \ . inStall ' c‘g‘p‘) ;
m’ Jo 7 valve = — ~replace ° valve ' : valv., !
el valve 4 | '
-~ A . . ~{valve, miss or install}
vaive= y YAl &* ; < A miss
- — “valve is not installed” ;
¥ vertical linkage o VA
valve : o
Vertical linkage | @ i "
e ——— device valve
- 2, i - Jevice .
peraj: A {miss, cap, valve}
-y operate : ! . Sy,
- nﬁve ‘ “valve cap is missing”
-wr | '
— device
gy valve
S o ’ ' {device, valve}
{operate, valve} “(locking) device on valve to be provided”

“checkvalve operation (accessibility)”

“valve” Zgist 22Xl RS2 HI USIN?
ol 28
o

- Valve tag, valve cap, locking device 0| € Xl 2Al, Valve Xl 24X, Valve &5 SHIJt U
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by
o>
R
3
3

= = I o] —
=M= 2o ot A 7} Y =717
“pipe”, “support”’ 2t M S&6t= T
DWG correct deck pad spool cer’" shoe
page point -
add caebl g:'d miss end fix ':I'g clr:dl ong ';?Lr
cl.. chaloc ne pla su val an G int
instsil - clash . hull rei ali co an int lig ou sti up
s A flaof s si st vwececlcde
IS0 pop sm pl N Z
gap mo P
G o M bk
weeld str ce r d
le... sl fi
type P8l i
modify 5 Z s 9
tray pro €O h
shake ko ... g CY b
adjust teflo dr U s
n K. GR pus
notc_detl_desc »

“pipe”, “support”, “add” Jt &M S&ot= ZAIEAM

“shake” & &) S&EE&

(8506-31S-TW-905) Add pipe support in the middle of [1-2] spool due to...
(2902-51S-VE-003) Additional support to be installd in order no to shak...
(2902-51S-VE-003) Additional support to be installd in order no to shake of the

m

C upper part of the pipe spool. (1"-VE-TO-29251-B49-577TP)

CFR-TO-0350 / S3# Top deck The additional support to be installed du... prgen b e =c
Add a additional pipe support at the middle of spool to awid shaking. 2 IOl ﬁ(plpe) h Esclll (Shake)’
Additional pipe support is required at the middle of spool to avoid shaki... XlZ= (Support) S FJHadd)stet”
Add an additional pipe support at the end of pipe spool [1-4] Valve side ...

Add additional pipe support at all 2" Elbow sides due to shaking (10 pla...

Add additional pipe support near weld joint-39 on page-006 and weld joi...
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PM BESIE {8 HiGIoE 2§
qlH°1e =
EX: THT AT (A 208 d MY EF S,
=M= Ztol] ot EA7F A=71?
{install, support}
sUpport
T support; 2
support
add {addition, support, install}
/ “install additional (pipe) support”

! 5
“support to be install”
;‘, insfall ‘
\ Suﬁ?\
Y ¥
e SU}P%\SUPPOE;?\T\
install2_ (EMPLY)
X i
pport\ | (Emp‘_t}.i\\_ : ifi
E 2 T ~ add ‘
EMPY)__ (ROt S C—
suppoft: 2 b=
T Horizontal linkage “support” {gap, pad, teflon}
“teflon pad to be add under (pipe)
due to gap with (support)”

‘\\.

support: 2 SUpE
/ (Empty)
o : support: 2
suPPort""'"wa”\ 3
- support: 23xg / -
-.,// }ﬂ? \ A
support:-2
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¢+ Numerous Text Data in the Construction Industry

o Accumulation of a large number of text data over project lifecycle: more than 80% of
project-related information (Clevelana, 1995; Hjelt and Bjérk 2006; Zhu et al, 2007; Ma et al, 2011)

o0 Text data generated from construction sites

» Periodic progress reports, Quality and safety reports, Claim documents, Contract documents,

Change documents, Tender documents, Meeting minutes, E-mails, Specifications, etc. (Rubin et al,
1999 Chun, 2001)

o Construction related text data on the web

* News, Editorials, Interviews, Reports, White papers, Journal papers, and Case studies etc.

+ Importance of Text Data in the Construction Industry

0 Lessons-learned from previous constriction projects mainly carried by documents (pathirage
et al, 2007 ; Soibelman et al, 2008)

o Support decision making processes during construction projects and also for business
strategy development in the highly competitive industry (Song et al, 2009; Qady and Kandi, 2010)
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¢ Industry: Low Information Reuse (TIME CONSUMING & TOO MANY)

0 Most data in PMIS is text data: However, just stored!

o0 Text data in DB: Unstructured, complex, various formats

o Tough accessibility to documents and low information reuse for project evaluation and
new project planning: Projects finish, then data finish (idogan and Ndekugri 1998 Forcada et al,
2007).

+ Needs for Korean-based Document Management Systems

o A majority of research have studied English data while few research have been done on
Korean data.

o Plenty of technical constraints to apply existing English-based systems to the domestic
construction industry
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Developing Web Intelligence System “UNI-Tacit” of Construction Tacit Knowledge Based on Text Mining

Web Intelligence System “UNI-Tacit” Development Process
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Developing Web Intelligence System “UNI-Tacit” of Construction Tacit Knowledge Based on Text Mining

UNI(User Needed Information)-Tacit

! Data collection

= Construction sites: progress reports, quality and safety reports, O&M reports, claim documents, contract

document, change orders, meeting minutes, e-mail, etc.

= Web: editorials, interviews, reports, white paper, official documents, papers, case studies, and others
- Web crawler

<Web crawling steps>

et L x — [} 7oa e — _:' Step 1 : Web page Se|eCtI0n
- ECEECTNCENCENCTENCT. - :
Web pages K = e — <
Crawling - el ——
List page Th—— o ~Dbata pagg. T = _ Step 2 : Get page URLs
URLs |- e : = URL il el | :

Text and metadata Step 3 : Access to each data page via URL

v
w_—

‘_.._Zf : _-_7:;;..\__..:;;', Step 4 : Structure of the data page investigation

i S Step 5 : Save required data as ‘json’ format

<Concept of web crawling>

CONSTRUCTION
NOVATION
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Developing Web Intelligence System “UNI-Tacit” of Construction Tacit Knowledge Based on Text Mining

UNI(User Needed Information)-Tacit

I Automated keyword extraction and document tagging
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Developing Web Intelligence System “UNI-Tacit” of Construction Tacit Knowledge Based on Text Mining

UNI(User Needed Information)-Tacit

UNI-TACIT 2015 &

! Text data visualization

UNI-TACIT 2015
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Raw PMIS Data CS CS_Drop |Roadway |TRM TRM_DISP
18 -24(BI0035LK 422 15
8- 58 33[BI0035LK 424 0
Candidate Network-Level [ Selection Algoithm ] 53 5|BI0035LK 424 05
Project Identification (Project Type & Length) 56 26|BU0O079BK 456 0.2
52 15(FM0112 K 556 0
‘ 20 -5[FM0112 K 556 0.5
Potential Project List with 20 1{FM0112 K 556 1
* RoadwayID 47 31|1FM0112 K 556 15
L nn nformation 58 24|FMO112 K 558 15
* Historical Condition Drop Score 52 27|FM0112 K 562 1
35 -55(FM0112 K 562 15
‘ 53 11{FM0112 K 564 0.5
Candidate Network-Level | Ranking Algorithm ] 47 7[Fm0112 K 564 1
Project Ranking (Condition-Based & Impact) 48 16|FM0112 K 566 15
‘ 27 7(FM0112 K 568 1
28 -6[FM0112 K 568 15
Ranked Project List with
e Texas Department of Transportation
! bt e e R 90% O] &9/ = ZAtEE “Good or Better” = =
Pavement Management Information Systems (PMIS): 47} 2/ 0 & Z/
o = 2 T XFALEY & 5 =~ X (distress score, ride score, actual distress
PM/Rehab Decision Support conditions, RM/PM/Rehab G EHETI S 2 &)

AP EIAfA £ =2 & F AL 314,000 km (2008) VS 8F== 106,414km (2013)
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Sustainable Road Management in Texas: Network-Level
Flexible Pavement Structural Condition Analysis Using
Data-Mining Techniques

Seokho Chi'; Mike Murphy?; and Zhanmin Zhang, A.M.ASCE?®

Abstract: The research team recognized the value of network-level falling weight deflectometer (FWD) testing to evaluate the structural
condition trends of flexible pavements. However, practical limitations due to the cost of testing, traffic control and safety concerns, and the
ability to test a large network may discourage some agencies from conducting the network-level FWD testing. For this reason, the surrogate
measure of the structural condition index (SCT) is suggested for use. The main purpose of the research presented in this paper is to investigate
data-mining strategies and to develop a prediction method of the structural condition trends for network-level applications, which do not
require FWD testing. The research team first evaluated the existing and historical pavement condition, distress, ride, traffic, and other data
attributes in the Texas Department of Transportation (TxDOT) Pavement Maintenance Information System (PMIS): applied data-mining

strategies to measure of
pavement st bach, a case
study was . — — 2005-2009)
from 354 P 5 Llﬂ ?_I- Dlstress Score 'Ig E‘/llil-j xl‘ ved that the
proposed ap ble and help
pavement m| . — — JE)CP.1943-
47,0002 5E 7F Ride Score @ /3 X}
Author ke ter (FWD);
Network-le: _II_ .I o I AL I == |
WA A ET 0|
Introductif L= x-l AL "'} = valuates the
T ( |j xl-, o T E 2 [=) ) da;a collec-
Pavement M ::su:: :S{l:l(:;
improve the de network-
!996)- S s which do
inspected st 5 s
d PR * constraints
wanes] = Structural Condition Index 0= fuecion
2! les (El Paso,
() estimate bOT 2012).
role in dete Texas con-

TxDOT districts are progressing in meeting the Texas Transporta-
tion Commission’s statewide good or better pavement condition
score goal. However, PMIS pavement condition data mainly com-
prises ride quality and surface friction data for functional condition
assessment and visual condition measurements for structural con-
dition assessment.

*Assistant Professor, Dept. of Civil and Environmental Engineering,
Seoul National Univ., Seoul 151-744, Korea (corresponding author).
E-mail: shchi@snu.ac.kr

*Research Engineer, Center for Transportation Research, Univ. of Texas
at Austin, Austin, TX 78701. E-mail: murphymr@ mail utexas.edu

*Associate Professor, Dept. of Civil, Architectural and Environ-
mental Engineering, Univ. of Texas at Austin, Austin, TX 78712, E-mail:
z.zhang @mail uiexas.edu

Note. This manuscript was submitted on April 10, 2012; approved on
July 24, 2012; published online on August 14, 2012, Discussion period
open until June 1, 2014; separate discussions must be submitted for indi
vidual papers. This paper is part of the Journal of Computing in Civil En-
gineering, Vol. 28, No. 1, January 1, 2014. © ASCE, I1SSN 0887-3801/
2014/1-156-165/825.00

T 4 15
sist of thin surface treatments placed on either untreated or treated
base layers (surface treated pavements) or consist of thin [less than
63.5 mm (2.5 in.)], intermediate [63.5-139.7 mm (2.5-5.5 in.)], or
thick [greater than 139.7 mm (5.5 in.)] asphalt concrete surface
layers on either untreated or treated bases.

Visual distresses are indicators of pavement structural condition
problems such as fatigue cracking, failures, or rutting. However,
localized patching and nonstructural surface treatments such as a
seal coat or thin overlay can cover them. These treatments can pre-
vent manual and visual pavement condition raters from assessing
the true structural condition of the pavement since the true condi-
tions cannot be seen. In any case, a visual evaluation of the struc-
tural condition based on visual distresses alone may not provide a
complete assessment of subsurface deterioration due to moisture
damage, stripping of asphalt concrete pavement (ACP) layers, loss
of lime treatment in subgrade layers, or base course due to leaching
and other conditions. A further constraint is that although PMIS
contains information about the pavement surface type (e.g., asphalt
concrete, surface treatment, continuously reinforced or jointed

156 / JOURNAL OF COMPUTING IN CIVIL ENGINEERING © ASCE / JANUARY/FEBRUARY 2014

J. Comput. Civ. Eng. 2014.28:156-165.
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Case Study

Development of Network-Level Project Screening
Methods Supporting the 4-Year Pavement
Management Plan in Texas

Seokho Chi'; Jaewon Hwang?; Mike Arellano®; Zhanmin Zhang, A.M.ASCE*; and Mike Murphy®

Abstract: The Texas DOT (TXDOT) is concemned about the widening gap between pavement preservation needs and available funding.
Thus, the TXDOT Austin district pavement engineer (DPE) has investigated methods to strategically allocate available pavement funding
to potential projects that improve the overall performance of the district and Texas highway systems. The primary objective of the study
presented in this paper is to develop anetwork-level project-screening and ranking method that supports the Austin district 4-year pavement-
management plan development. The writers developed candidate-project selection and ranking algorithms that evaluated pavement conditions
of each project candidate using data contained in the Pavement Management Information System (PMIS) database, incorporated insights
from Austin district pavement experts, and implemented the developed method and supporting algorithm. This process previously required

weeks to ¢ the Austin
DPE to deve projects. The
case study 1} - .. o to the right
projecs at | SiX}] Condition Score (DS+RS)
CE Databg
Author ke x'l |—=| E H —+— ht plan.
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statewide g H-year pave-
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managemen| o A _l AL O I = re spending
matc ( =2 =& (IA, VA, NA) {peser
projects in T == T E 4 4 m:t ir::;-
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Research Engineer, Center for Transportation Research, Univ. of
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for individual papers. This paper is part of the Journal of Management in
Engineering, Vol. 29, No. 4, October 1, 2013. © ASCE, ISSN 0742-597X/
2013/4-482-494/525.00.

than pavement funding needs estimated by the 2030 Committee,
with the support of the pavement research team at the University
of Texas Center for Transportation Research (UTCTR) at Austin
(2030 Committee 2011). Zhang et al. (2010) also analyzed that the
90% “good or better” goal cannot be achieved with TXDOTs pro-
jected revenues. Based on this analysis, both improved pavement-
management techniques and additional pavement funding are
critical needs to prevent pavement-network conditions from
deteriorating to unacceptable levels. Thus, the TXDOT Austin dis-
trict, with the support of the UTCTR, has investigated methods to
strategically allocate funding to potential projects that improve the
overall performance of the Austin district and Texas highway
S}'S[C[‘I’IS.

Since 2008, TXDOT has required each district to develop a
4-year pavement-project expenditure plan each year based on
anticipated budgets (Zhang et al. 2009a). The plan includes esti-
mated construction costs for preventive maintenance (PM) and
rehabilitation projects and materials, in addition to personnel and
related maintenance costs for routine maintenance (RM) projects.

482 / JOURNAL OF MANAGEMENT IN ENGINEERING © ASCE / OCTOBER 2013

J. Manage. Eng. 2013.29:482-494.
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Austin District, Williamson County, FM0972

Condition Score (CS)

0+ ‘ :
T 1A
05 | L (15| O ROS | L | LS |19 O [O5| 1 (15| OS5 (L |15 |0 (OS5 | L |LS| O |O5 |1 5| 0 |05 1 |1S
0 | 540 | 540 | 540 | 542 |§542 | 542 | 542 | 542 | s44 | 544 | 544 | 544 | B46 | 546 | 546 | 546 | 548 | S48 | S48 | 548 | 550 | §50 | 550 | §SO | 552 | §52 | 552 §52
All sections substandard below 70. TRM Location
Rapid deterioration at 540+1.5,
35 542
542+0.5, and 542+1.5 M097H -- - EM0972 PAST
Most sections substandard below 70 and
deteriorating rapidly. Just above 70 at
550+0.5 and 550+1.0, but deteriorating

Significant drop, but still well above 70.
Deterioration is uniform so probably
typical wear and tear. Not poor enough for
an immediate project. Vigilance section to
monitor for future 4-vear management plan
in vear 2 or 3.

Below 70, but isolated section.
All surrounding sections well
above 70. Address with in-house
Routine Maintenance

and surrounded by sections trending
substandard.

Figure 4 An example of input provided by the District Pavement Engineer (DPE) using a Condition Score graph
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T™XDOT = ®AIES 2AETS Al

AREA 1 AREA 2 AREA 3 AREA 4 AREA 5 AREA 6
Project's PMIS Data Condition Score (CS) Condition Score Drop (CSD) Weighting Factor 05 VS 05 Final Result Distress Summation
. N Weighting 0.6 04 Project = - w0 = = 2
Project | Roadway Seginning Displace- i Displace- factor 04 03 0.2 0.1 0.1 0.2 03 04 T.°'.a| o Total Total Rank | Length Rank [FinalScore|FinalRank| = | € | £ | £ | % | £ 3 ]
Reference Reference gl Weighted | Condition 5 o S = k<] 5y = @
Number ID ment ment by TC (PL, by PL (FS) by FS = ] ® = o™ = ‘@ S|
Marker Marker Score Range | 05C5<30 [30=C5<50(50=Cs<70| 70=Cs | -10=CSD |-20ScsD<-10|-30ScsD<-20| csp<30 | €S | CSDrop | (TC) sections) 2]lo| = <| s| &
Num of
7 FMO812K| 548 0.5 560 0 Secti 3 10 4 0 13 4 0 0 0.29 0.12 0.23 3 17 1 2 1 10 3 194 1 0 | 4871674 O
ections
Num of
1 FMO0020K| 568 0.5 578 0.5 Sections 3 6 5 1 11 4 0 0 0.27 0.13 0.21 8 15 2 5 2 36 5 309 2 0 25 69 0
i
Num of
19 US0290K | 614 0.5 616 1 Sections 0 3 1 0 2 2 0 0 0.28 0.15 0.23 4 4 7 5.5 3 7 1 35| 2 0 | 59 0 0
Num of
8 FM1100K| 560 0 562 0 Sections 1 2 1 0 4 0 0 0 0.30 0.10 0.22 5 4 7 6 4 5 2 48 2 0 41 | 125 1
i
Num of
18 SL0150K [ 560 0.5 560 1 Sections 0 2 0 0 0 0 2 0 0.30 0.30 0.30 1 2 13 7 5 0 0 0 0 0| 3|15 1
Num of
14 SH0021 L 564 1 570 0.5 Secti 0 0 4 5 1 3 2 3 0.14 0.28 0.20 10 9 4 7 5} 12 0 6 0 0 11 (1422 4
ections
Num of
6 FMO696 K| 566 15 566 1.9 Sections 0 0 1 1 0 0 1 1 0.15 0.35 0.23 2 2 13 7.5 7 2 0 69 1 0 2 0 0
Num of
17 SLO109K [ 434 0.5 434 15 Sections 1 1 1 0 3 0 0 0 0.30 0.10 0.22 5 3 10 7.5 7 1 0 | 32 0 0 | 26 [ 50 1
Num of
15 SHO021R 568 0 570 0 Sections 0 0 2 3 0 1 3 1 0.14 0.30 0.20 9 5 6 7.5 7 0 0 6 0 0 0 769 3
i
Num of
13 SHO021K| 580 0.5 586 0.5 Sections 0 2 5 1 5 2 1 0 0.21 0.15 0.19 11 8 5 8 10 16 3 |324) 2 0| 26 [613| 0
Num of
3 FMO0535K| 552 0 564 0 Secti 0 3 4 3 7 1 2 0 0.20 0.15 0.18 13 10 3 8 10 29 3 129 0 0 30 | 275 0
ections
Num of
12 |FM3000K| 560 0 560 0.5 Sections 0 0 2 0 0 1 1 0 0.20 0.25 0.22 5 2 13 9 12 5 0 | 45 1 0 1 0 0
Num of
11 |FM2336K| 438 0.5 444 0.5 Sections 1 0 0 3 2 0 2 0 0.18 0.20 0.19 12 4 7 9.5 13 15 5 0 2 0 15 | 10 0
Num of
20 US0290 K 626 0 626 0.5 Secti 0 0 2 0 1 1 0 0 0.20 0.15 0.18 13 2 13 13 14 1 0 192 0 0 0 0 0
ections
Num of
5 FMO0672K| 556 0 556 0.5 Sections 0 0 2 0 1 1 0 0 0.20 0.15 0.18 13 2 13 13 14 7 7 10 2 0 7 0 0
Num of
10 FM2104K| 452 0.5 454 0 Sections 0 0 0 3 0 1 2 0 0.10 0.27 0.17 17 3 10 13.5 16 11 1 48 0 0 0 12 0
i
Num of
9 FM2104K| 446 0.5 448 0.5 Sections 0 0 2 1 1 2 0 0 0.17 0.17 0.17 18 3 10 14 17 8 2 144 0 0 2 0 0
Num of
2 FMO535K| 546 0 546 0.5 Secti 0 0 1 1 0 2 0 0 0.15 0.20 0.17 16 2 13 14.5 18 1 0 42 0 0 0 0 0
ections
Num of
4 FMO535K| 574 0 574 1 Sections 0 0 2 0 2 0 0 0 0.20 0.10 0.16 19 2 13 16 19 4 0 74 0 0 15 0 0
Num of
16 SHOO71R| 590 1 592 0 Sections 0 0 0 2 0 1 1 0 0.10 0.25 0.16 19 2 13 16 19 0 0 5 0 0 15 [ 15 0
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A need for an effective bridge management

I 1. Bridge deterioration 2 the number of target bridge increase

* A number of infrastructures were built with rapid economic growth of Korea in the 1970s (kim, 2014)
* QOver 30-year-Old bridge: 10.4% (2015) - 21.5% (2023) (MmoLIT, 2015)
2. Lack of management about smallsized bridge

" Approximately twenty thousand smaller bridges have been exposed to danger because the inspections have
been conducted under lack of budget, manpower, and professional skills

= 25 safety accidents of small-sized bridge were occurred in 2010 (MOLIT, 2012)
3. Limited budget

" Local governments even have to inspect a lot of structures: the Seoul city government covers around 5
thousand facilities.

4. Decrease of the number of professional inspectors
5. A number of inspection items even makes low quality of inspection
6. Uniform inspection cycle

» But there are various causes of bridge damage and the time of occurrence are unclear (Lee et al, 2001)



S|ClOo|E] 7|8t w i BIfE &4 F

XM ool 7|

Developing Indirect Estimation Model of Bridge Element Damage Using Big Data Analyses
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+ Six must-have construction tech tools

o Drone surveying

o 3D Printing

o Smart Roads

o Transparent Solar Panels
o Smart Helmet

o Anti-collision Software
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Q@ peekdrones.com
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¢ 3D + Information
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¢ What is BIM?

O

3D digital representation of the physical and functional characteristics of building
and infrastructure

More than an abstract design: a unique design contained by construction
components such as walls, floors and ceilings

Serves as a shared knowledge resource for information stored in an integrated
database

Collaboration by different stakeholders at different phases of the project life cycle

(insert, extract, update or modify information)

¢+ What is NOT BIM?

Models that contain 3D data only and no object attributes
Models with no support of behavior

Models that are composed of multiple 2D CAD files that must be combined to
define the building

Models that allow changes to dimensions in one view that are NOT automatically
reflected in other views
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+ What does basic BIM store?

o Objects

» Physical elements: wall, door,
window, beam, floor slab

» Non-physical concepts: space, zone
o 2D geometry

» "Plan” shape representation of the
objects

o 3D geometry
» Geometric views of “3D" shape
representation
o Relationships
» Visible: (1) connections, (2) voids —
an opening in the wall, (3) supports

* Non visible: bounds (walls, floor
bound space), groups and
hierarchies (project, building, story,
building elements and space)

I;_‘\ 1
AN \

€
1‘

*Object type definition —

wall type, door type
*Grouping — zones and
systems
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+ What does basic BIM store?

o Non-geometric properties and attributes

» Material types and specifications needed for fabrication (e.g. wall and
door types, steel or concrete strength, bolt specifications, etc.)

» Material properties related to different performances (e.g. acoustic, light
reflectance, thermal flow, etc.)

» Cost and budget

e Construction schedule

67/
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+ BIM Utilization: 4D Model and Simulation
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1
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¢+ BIM-4D Simulation: Advantages

o Communication and collaboration
Knowledge and coordination
Identification of logic errors

Identification of spatial conflicts ahead of schedule

O O O O

Development of what-if scenarios

Original Level of
Detalil

¢ 4D Simulation: Challenges

0 Level of detall in design
» Should be same as product model
» Should match the schedule

New Level of
Detail

0 Representation for temporary structures
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+ BIM Utilization: Clash Detection
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*Hard clash: two objects occupy the same

+ BIM-Clash Detection: Advantages physical space
. *Soft clash: components are placed too

o Fast clash detection close to allow for the proper placing of

o Hard clash and soft clash concrete or pipes that require adequate

space for insulation

o Streamlining the RFI and coordination processes *Logical clash: constructability problems
where certain components obstruct the

construction or erection of other
components and access problems

+ BIM-Clash Detection: Challenges

o Layered grouping of components: Need to have the right grouping of

components

o False positives

(2) (b)
Figure 5: Example of false positive for Automatic Clash Detection - clash between duct and light
fixture in (a) and (b). Different pieces of the same light fixture (in circle) were considered 2 clashes 71
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+ BIM-Estimating: Advantages

o Manual estimating is time consuming and error prone

* 40,000 construction cost estimators spend 25% of their time, for an
estimated 20 million hours per year, doing quantity surveying

e 75 to 80% of that work hour can be avoided with 3D construction
documents instead of 2D plans

« BIM would support automated quantity surveying

+ BIM-Estimating: Challenges

o Too automatic: Limited manual feedback (garbage in garbage out)
o Modeling levels of detail
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¢ Laser Scanning

o BIMi1}o| H| W E E3t EA2IE| (Gao et al. 2013; 2013; Kim 2013)

] |
and point cloud S

| Z0|§ &20F ot= 2=

n .

- 9

—

a. an example showing shape discrepancy in the air
duct section analyzed in the case

b. an cxample showing location
discrepancy in the door analyzed in the
case

5743 329 4| Z
EX 0/ 4]

C. an example showing dimension discrepancy in the air
duct section analyzed in the case

|  Three _
| components

One

component _ _ . . — .
. . I} 0/ Z Prefabrication & Z&'Z2[ (BIM, Laser Scanning, Photogrammetry)
d. an example showing content e, an cxmnplg shoumg compos!tlon
discrepancy in the air duct section discrepancy in the air duct section

analyzed in the case analyzed in the case 73
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+ Laser Scanning

Laser Scanning 3A}2 B2 E 0[& 2}

o EZYUZ X}=32} (Cheng and Teizer 2012) 0/At7]25] B9l Z Crack .9/

EZAEEY

i

C) Mesh of the terrain d) Virtual scene including resource models o " = —
3AtE X/ F T2 XGPS FEE

Laser Scanning = 0/£2FBIM.2 2 75 0|83t EZ293 1} =3}
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Technology = O/ &3t A2t 22X FEH F =2 =X
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(McGraw-Hill Construction 2012)
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53%

2009

A/E Firms

73%

Low/No Use

16% 30%
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