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Abstract

| . Title

“The strategy for Technology—-commercialization by TRL : Focused on R&D about
Construction and Transportation parts”

Il . Purpose and Necessity

Recently, knowledge and technology innovation is critical for economy
improvement because knowledge based competition is world trend nowadays. Main
developed countries such as the U.S and the U.K are pushing ahead strategic
result diffusion policies to enlarge R& investment and use of R&D results.

Korea, too, is enlarging R& budget every year but the efficiency is OECD
average and lower than main developed countries such as the U.S or Japan. To
solve this problems, Korean government enacted 'National R& performance
estimation and management act; and R& performance usage plan, which is
5-year period. For this environment change, objective and systematic
per formance management system is necessary for commercialization of
construction and transportation R& business.

Construction and transportation R& is different with other industry R&D in
purpose, consumer, characteristics because of its public biased technology.
R&D commercialization and field application is decreasing because of lack of
strategy. Therefore, estimation system of research stage according to wach
R&D characteristics to solve performance management problems.

Thus, this research suggests the estimation model which is applied
TRL(Technology Readiness Level) and TRA(Technology Readiness Assessment),
NASA, DoD and Dok are using for establishment of performance management
system. And this research finds the way of construction and transportation
R&D commercialization improvement.

Ill . Contents and Scope

This research suggests construction and transportation R&D estimation model
based on TRL and TRA. This research aims the improvement of construction and



transportation R&D commercialization through innovation of technology
diffusion system and process.

(1) Present construction and transportation R&D estimation system is surveyed and
commercialization obstacles are analyzed.

(2) TRL and TRA background and basic concept are researched. TRL usage
characteristics are defined through the analysis of TRL overseas use examples.

(3) 9 TRLs according to construction and transportation R&D categories are
redefined and construction and transportation R&D TRA manual is suggested
which applied construction and transportation R& characteristics.

(4) Problems of construction and transportation R& performance management are
analyzed and TRL based strategies are suggested to solve the problems. The
strategies, vitalize technology transfer and commercialization are suggested.

(5) Objects of this research are limited only in national construction and
transportation R&D businesses. This research aims the suggestion of model
which can be wused in construction and transportation R&D management
organization.

V. Results

This research suggested TRL and TRA as commercialization estimation ways of
construction and transportation R&.9 TRL are redefined for each construction
and transportation R& category and characteristics. Roles of R&D
participants are defined to apply TRL. 'The guide of construction and
transportation R& estimation based on TRL' is suggested.

Per formance management strategies are suggested for each construction and
transportation R& technologies categories research stages. Five strategies
are suggested through the analysis of technology transfer and
commercialization of construction and transportation R& status and problems

Objectives and contents for each research modules are below

(1) [Module 1] The analysis of construction and transportation R& status and
per formance management system.

(2) [Module 2] The suggestion of construction and transportation R& TRA
application way

(3) [Module 3] The establishment of performance management for construction and
transportation R& technology commercialization

(4) [Module 4] The suggestion support system of construction and transportation
R&D technology transfer and commercialization

_VI_



V. Meanings and Effects

In this research, the TRA based RD estimation model is established as the way of
construction and transportation R& commercialization improvement.
Construction and transportation R& was categorized in 5 types and 9 TRLs
were defined for each type. The critical technologies which determine success
or failure of construction and transportation R& were categorized in
hardware, software and system, and TRL checklist was made for each types. The
case study was progressed for finished construction and transportation BR&D to
analyze validity of TRL and TRA application. And 'The guide of construction
and transportation R& estimation based on TRL' is suggested. The critical
technologies of construction and transportation R& were categorized and
per formance management strategies were suggested in 3 stages of research
process. Five strategies to solve the problems of construction and
transportation R& technology transfer and commercialization.
TRL and TRA application in construction and transportation R& will be a
enormous innovation for present R&D estimation which was conducted with
commercializationless per formance indicators. And commercialization
achievement is expected to be increased.

- VII -
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H3E R&D =2 Jl=d=sT ZelMA

1993 OI= 23 OlAtSIHI=(General Accounting Office, OIGH GAO)Ol &l AlISt

=2 RO A =24 Zt, 0= =229 =2IIXA RD AtZSl &I &el9

FEZ2 oY RO A2 SHI = A2 =0 st 322t HEO0|

HEol X L2 AN HFIF JHEYJAD| 22 LHEHGCH (O3 2-1. &#X)6)
a

ol0fl 0= =2tt=(Department of Defense, Olat DoD) & OllLd XIS (Department of
0

o 0
S
m

Energy, Olot ) S2 =L JIHEWAM=E 2JF R M2 MAESZ 2elotl
A2 B2 =6 s Hote 2 J|=4 =T (Technology Readiness Level,
Olot TRL) % JI=4d=ZHIt(Technology Readiness Assessment, Olot TRA)E
C Gt H&otd UCH

= H0lM= TRLZH TRAS &9 % JHEW HE ZZANA0 CHot &#Hotd,
=-UHe JI&2=2 HZAd HFPE SoiM =W H&EWSE RO AtEL AE3t
AIHE 2o, XMARFQ dutte] Z2HMAE 2=06H)| fIst ER2AMe TRL &
TRAS 2tHel HE= 28 AMAIES =0t
Product development
TRL at
Product development and program
associated technologies launch Cost growth Schedule slippage
Comanche helicopter 101 percent® 120 percent®
Engine 5
Rotor 5
Forward looking infrared 3
Helmet mounted display 3
Integrated avionics 3

BAT 88 percent 62 percent
Acoustic sensor
Infrared seeker
Warhead
Inertial measurement unit
Data processors

Hughes HS-702 satellite None None
Solar cell array 6

Ford Jaguar None None
Adaptive cruise control 8
\loice activated controls 8

WL W wMn

*The Comanche, in particular, has experienced a great deal of cost growth and schedule slippage for
many reasons, of which technology immaturity is only one. Other factors, such as changing the scope,
funding, and pace of the program for affordability reasons, have also contributed.

8 2-1. 0= 23 &A= =2 =2JF RO AIY 4 21t

6) US General Accounting Office, “Better Management of Technology Development Can
Improve Weapon System Outcomes”, GAO/NSIAD-99-162, 1999



H1&E J|&Ad=Z(TRL)S &l L Ny

1. TRLE &2 € =5

=< —/

ez JHENEN=s AL 22lAel FEeh sHl ZH0 2Rset od
SR8 AIE0I JA2H, Ol 282 HegdlE, J12F & Ate &I S0l X
g

st= OIXIA =T

Olg4st 2EOUAN JI&d=Z(TRL) =, =2 AAIZE A= (milestone) A HE
Project2 = XN 2 22 FJ| Adh 9=AH=2
MolEl XEZ2M, R&D AlY ALl 012D IHKI

019l
2t HAEZ JlssEs oS-
a

_ > = dEsE =8 NHEE M35,

TZMEQ Egd YL 423 Hd3 HFME=S sHE = UA stCh. 012

22 Jlsd=sE’ = Jls0ododd L= JlsFEdHI=F 0l2dklE otid,

<y 2-2>Ns= 02 &32%F= (National Aeronautics and Space
b

Administration, OISt NASA)ZF DoDOIA HEot) Ues TRL 9=HAHISl Dl A 2|0|Ct.

E"g},’;,ﬁ:;‘; el TRLO Actual system “flight proven" through successful

- mission operations

-~

T — TRL 8 Actual system completed and “flight qualified” AH HH 22 gE0Me T HE
Development a— _ through test and demonstration (Ground or Flight)
TRL7 System prototype demonstration in a space

el - - environment
Technology :
Demonstration L System/subsystem model or prototype demonstration

P in a relevant environment (Ground or Space) AR} SABHEIZ0)A 7|12 7Het- Al
Component and/or breadboard validation in relevant

TD?V';‘,‘:;‘:“Q,V,‘, == environment

Component and/or breadboard validation in laboratory
environment

Research to Prove
Foasibillty Analytical and experimental critical function andior

characteristic proof-of-concept

7~ HEA EF0N TR =TS e

Basic Technology

Technology concept and/or application formulated
Research

Basic principles observed and reported

8 2-2. TRLE 9 &

7) 9 9, VIS (TRA) WHE R AR O, =7 1eF2Y, 2009



NASAOI A AZHGtD UAes TRLL SHAFQOL Il HEe G
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<H 2-1>9)2 NASASl TRL 9EHtHISl SHAHIE Fol2t NS LHEOICH

0lo
S
my
10
=
®

“

O “In the research and development world, ideas are |ike
schoolchildren. All new technologies must pass through a number of

grades before they are declared ready for graduation.”

O U
nn e
o
[e]]

Il 2ol 2= std= OtMOF ot std 1l 201, ROEOFHIA A2EE
C

A

Z Jl==2 Bt=Al HHOF ot el HAHE Soll HE =L

E=
HU

O “At NASA, these grades are called technology readiness levels, or
TRLs. Each TRL represents the evolution of an idea from a thought,
perhaps written on a cocktail napkin or the back of an envelope, to

the full deployment of a product in the marketplace.”
— NASAOlM = Oleisr EAHE TRLOIZHLD

o

Ct. 229l TRLZ OtOICIHOIM AIEE

[

R&D Z W =0l MBI, HESEIINXS L&A WES HAHEZ LIEHH

=2 oS
210ICt.

O “NASA acknowledges the system as a useful, commonly understood

method for explaining to collaborators and stakeholders just how
mature a particular technology is.”

— TRLE 3= ¢FRXASH Oolo FALUNSUHAN SF JI=01 L0t d=of
A= £ Yot 7E8 AALS EF0ICH

8) US NASA, “Technology Readiness Levels Demystified”, www.nasa.gov
9) YA ATA, AATEE H52 A%t Vled&a = H7F ADD I¥tstrle S8 A, 2007
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2. TRLE] <At

1980 CH, NASAOIAl= R&D AtEel QIE8EE HItotl, 0Old= JI=0 st
SEXIXNE Ao fAdt  TEHHA TRLT JHES T LOIRA0 AIES A9
AMAESl AIEEIE S SaAX2 AMEES FIE BR0t0, Jlz9 === DJi=
e / JHEE JHE D=2 =SR2 HE4 &0/ SHS Y’ 2 304 It el
‘ZE =2 B J|x Jel' o HARH ‘A3HQ 52 S8 LA K2
O SHAHZ =TS, M2 TRL JHE = =-otACH

StE, DoDE O0I2 CHAl SHEAN, AZEON % HMZEI|=(Manufacturing

Il

[¢]
Technology)2 MNI23t6t0d TRLE & XoIY
}I (@]

2o sS40 %

-

‘10

Sy

ol2f JIZOIN 2t
ot XA
=

o
S0lAM TRLE = EGH0 RO S t2elol 2ot UCH (O 2-3. FX)

‘08 NI TRL &

ITR&D J|&0IH ‘
2
At ETAHY

‘09

07 XA BHSE,
SE/AT HEIFILIE TRL
JHZ ALY =OF TRL =4l
11@.0“ pral fof e o | T
= )
1989 1995 1999 2001 i
fa) o o o o
,0|] 2007 2008 2009 2010
7 AFRL developed
w5 a TRL
NASA's modified Calculator tool

TRL(9steps) ‘

99

89 the DoD
dopted th
NASA’s original e e

TRL(7steps)

8 2-3. 2 -2 TRL #& AS

3. TRLE S&

TRLE E&2 I O3 4HK=2 Z2 & = UL,

M, TRLE2 JHEX2 XSMENAS SSE 2JAMLS =HOoIO. =

_‘l'l_

R&D



IZNES AZ&H =dHE QoM XNSNA &l H2 224011, ez NS
O =CloHOF ot=XI0l CHoll JHEXSt XESAEAIL SSE AeAs JHKES
ot= JIE0l El= 20ICH.
M, Jl= =2 20l 2 Jl=0l oL 22 s80| A=t E= FHL
JFE 20lat= A0l OrLl2, JI=0l 8850 A = UK He & =4It
T JA=sXE 20ldts HOICH. =, <A 2-bs= ‘=2 AsSK2 AZ237
T MEQ} ‘A NEHO  AM23F TMEZS fluwotd Uesdl,
nsHez N 828 '=a AsAF b =23y AN 200 Esglets
Of & Z2HMEWAM TRL =TS ‘Z=I3Z N&EA It ‘=4 sk 20 2A
UE = UL+, 0lH=2 TRLOI Jl= AL I s8ite 282z 2040|
S, oY J1=0l Jl=2 MY FI2 o AN JA=sXE HESeE JIELS
S0 == AHHIOICE.
f"“{‘.\%iy
71 &
S XHEX = N
223} Project ! = (L-f :, 0
N o
X2k I.I-l].l >
-l-coxn_ Ve
&3} Project oy f‘@&\lf?
VLY
&
v
TRL 4
8 2-4. Jled=s
AT, TRLS Jl=2l Moi=J| &AM 2™HAM EE&= 2401 otLlet, Y J1=0|
AZst0l Ol2J1 &NtAl R&D HHIN HEZNH, ZEIt AIENK A4 2O
LS HHEZ LEYH 210i1CH. =, <O 2-h>= & Jl=9 MMHFIIE
BoHFz= D822, ML e Jl=2 HEHHAE HAY A8, L= ME SHUA
A=HAt MEITHHE AHAM M2 Jl==2 AT =0, TRLe JHEe J1=0l
AZESE SHOZ L= AN S 28tot HZEC.
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Birlhcmdhmd /
Concem‘i:ﬁ/‘/ﬂd':lescﬁnce Adutthood Maturity Old Age Senility Death
Concept System Develppment Operations &
Retinem&ant & Demonstration Support
Technolggy uction &
DoD Development ployment
Milestones A B G
NASA
Milestones A B Cc Dl E F
TRL123 45 6 7 8 9
8 2-5. TRLS HZ2 YHe
TRLE =2 2IZBIgUA EF MBS Hgg i &=2%s=
e A | F, sl 2BE EUE MBENLES S8t AU
2 59 =SHI Z28& = gAY Zel HBAE Xt (end user)2 2FA
MBMLS AITHN XF0 JlsHg SHIt 2EHE=
g gFAI Off S0 e ZZ2AHAOICH (O 2-6. &X)
Bottom-up Top-Down
{ 3 { 3
ZUE 2=
(Product) (Product)
\ J \, J
{ ' N
Mg Jtsst D= HNSHe =S85
(Practical Technology) L (Product Development Goals) )
™ ™)
a5 = 2T =
(Proven Technology) ) (Required Technology) )

g 3-6. HE& HE2l Bottom-Up 24
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4. JIE} =% (RL : Readiness Level )2 JHE

TRLE JH8DJI=2 Hd=TE Holdl= Oies O&%s R
ATEN, MEI=, MMz = HMEQO AIAHO £=
Nz StAHIE UCH. Ooldst stAHN st tHete=z2, 0l= Dob= TRLE ChAl
SERIN, AZEN 2 MZEDl=(manufacturing technology)2 AI&E3stotd 1

Hgs 8ot UL,

HOtol= IRL(Integration Readiness Level), 128t TRLYt IRLS
I TOtole= SRL(System Readiness Level), GI3IHg T2
HASZ ol= PRL(Programmatic Readiness Level) S92 JHE0| HAIE D UCH.

Manufacturing
/ N\
TRL

H/W | S/W
<

System integration
Program

»
l.'
»

8 2-7. TRLI JIEF d=% "ot X =

(1) Manufacturing Readiness Level (MRL, HIZAE=E)

VRL=2 Jl=del dE=2S dag = As ME 6200 ZFOHR=EXE EItot|
Flofl Met=E JHEOICH. Jl=&2=x A0l Jtsgtitet A0l da Jisshte
22l 2HO0IJ| 20, TRLE 22&oty, Iy ZUSS Mg = U=XE
BEGlE A2, 108H=2 El, 0 WE2 <H 2-2>1002F & Ch. 11

A&, 2012

10) WA, AEA&EH7HMRA) A
9 Mot . AP LB, 2000

11) B 9, 71e735="471TRA) 84

rh
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(2) Integration Readiness Level (IRL)

JIZS TRL M&= &AM AAEUA, 2 JI=S2 S&(integration)2 Y EotA
SAHGHA RetCh. IRL2 FEII=2t2] IHHOIA, ASEHE 32 Z2HLES
SqHol=e NHEZ, JIES TRL NHE FHFILZ SAS HAHE UEHHLD  UCH
(E 2-3. &=x)12)

H 2-3. IRLS 9= &9
IRL = o
1 Jl=E AOIS QEHHOIA 2HS SA RADF JIsolH ES28 MAMst2 A8 o
2 QIEHHOIAE S0t D= 242 &4SXHE SHS LIEID] |8 YEE0 MAIE A
3 TXEOLD S 2Lz S8, HSoH)| RIotH JIsE 2t2 Hggs S840l ASE
4 e 242 S8l e SEEZE0| S=otH AMEH & A
5 SE2 ¥, 22 L E=o5tell 28 J=S2 520 SHE = U= S
6 SEgol= JI=0 &= HE2 fs E2E 8o+, dlAotH, PXFFE = Us
S
7 Jl= S22 Adot=0 =23 &AMz & 2Z0HM S A
8 HH S22 22510, AIAE SHF0AM AIE - AIHE Soll 22 Hegd0| 25E &
9 HZEQ AP RHE SOt S LRIt 25501 S HAH
(3) System Readiness Level(SRL)

A= 2YL(MOD : Ministry of Defence)= TRLO|I JHE D=2 8=TE HIlol=
ol & Z=-0ILF dXEQ AAH HHE M= 018t &0l ULk
TS O OHSF2 2 SRL2l JHE =S HMAlIot] UCEH. SRLE HE Ji=2 =52
Jls 2t Sghe=F==2 18 IHEez L JI=0l e Jlss EEodls
AMAES A AL 0|8 HIIE M RSolCt. (O 2-8. &X)1)

Technology Integration
Readiness e Readiness
Level (TRL) “"‘-H--,-_-_'_';";: - Level (IRL)
| IRL12 | RL13 7"/"
V""";,\k\_x_ - __a
SRL=fTRLIRL) *~
8 2-8. SRL HE &

12) 455, FPAIEAIAL] AlXEL Visda s BrF 29 7, 2010

13) SR o, RIS gl S EAAE WoF ALol e U, 2009
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PhD, The trouble with the System Readiness Level(SRL) index for
- ‘|7 -

o #BAM S0l

5

I:

J.Lg, }\lﬁEn‘ly [=]

5
Readiness Level Calculator (ver 1.1) Final Report and User’'s Manual, 2009

managing the acquisition of defense systems, 2010
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1. Jlsd=% ZII(Technology Readiness Assessment : TRA)
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O TRA is formal, systematic, metric—-based process and accompanying
report that assesses the maturity of CTEs(Critical Technology
Elements) to be used in systems.

— TRAE 2IIMAHN 8= HAMI=LAS0 e &2 =50 UY=sXE

HEHQ NHEZ Hllote SAHQ TZNAOICH

O TRA report includes information about how the CTEs are identified,
why they are important to the program, and an independent(from the
program) assessment of their maturity.
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O This assessment does not predict future performance of the technology
nor does it assess the quality of the system architecture, design, or
integration plan. It is simply a report on what has been accomplished
to date for an important subset of technology in the program.

— TRA= Ol JI&d ds8 W=
SHEN HEE HYI=RAS

AMBOAMS O &AEHE &E6t=s A

StHLE SE(=F)2S "Otdts 210l OtLIH,

0 0= EEHA 24dEH0 AKX, S
0

16) US DoD, “Technology Readiness Assessment(TRA) Deskbook. 2009
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2. TRA Z2AIA

Ol= DoDOlAl= TRLE HEote= ©H, = TRA Z2ZAIASE I 6HHZ =0t
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CTEE T &£& U3 &M HIIE 28 CTEE FHl. 1 U322 2F CTEO CHEt
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;-‘ Cg;[te:t I:>[ Coordinate CTEs J
: !
E :> [ Assess CTEs ; prepare TRA J
[ Coordinate and submit TRA J
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1 2-10. DoD2l TRA ZZ A A
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S ZHAEotl Botoh)l floiMeE JlsoHgel  HE e ZdPAI}
OIMZE AlBQ DtEAE(milestone)0l HITI0{0F SHCH ZgfIAg J1=0l
HEENH HS S0l &St IINA LS WH=IIE HHEZ =20t LIEHH
ROZ, TRLEY HAE JIE2Z otx &M ZZHES JHE ZZAA 2HF A

HFs0. =, <08 2-12>8 2Y Y Z2HE= ‘24 M=o 24 (material

0
2

solution analysis)’ , Jl=JH&(technology development) , ‘AIXLIHE
MZEDJl= M (engineering and manufacturing development)’ , ‘HMS A& &
22 (production and deployment)” , ‘8% % XI(operation and support)’
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<d8 2-12>°] OlolA 28, DA &2 2 HAHI 2EEHeE AIE

DIYAES SF5tD Ol TRAS 43I =0, A M DILAE A, B, C=

2 4, 6, 7 SO HFECH. OFUAE COIA TRL 7 S0t 2% 4=
£ 5

2+ 2 J
HoZ EOE X TRLS OFXI2E SHHIN ociEdls ‘ME & 2 23 (production

and deployment)’ O] OO &ICt.

Program i
/A\ /B\ Initiation A Decision : TRL(min)

Materiel Engineering and ) . MSA :TRL4
A Technology : Production & | Operations & :
Solution Manufacturing Development (Guidance)
Development Deployment Support
o i i bl MSB :TRL6
(Policy)

v ' ' MSC :TRL7
TRA wma  (TRLO) wma (TRL7) (Guidance)
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it Quality as
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Yes at higher
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Green?

Yes

i' T
Yellow | ;I;); \\
o
v /A\\
Repeat until TRL=9 ——W
"/
18 2-15. TRL Decision Process Flowchart
Ciot= JIE2 G313 20,

TRL Decision Process FlowchartZ O| =0l TRLS &t

O Set point && : TRL &=H= foHM=, HH TRL Decision Process

g E &doll =00F ot=0l 0IE

FlowchartOl A Green, Yellow, Red2
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=

O Green : MIAZIAE &2 =0

2= TRL HHE 248 A2 gFetlt.
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H3&E =U-2 TRL H#E Atz

1. 01= 2&=(0oD)2 TRL

(1) TRL 2t&d &

0l =3Y22= GAQ HIDE EUZ 01HRBH RE RIIMAHIMNY A2
tHatoez ote JIsd=sS HIE HASIEE AEGIA20H, 012t 286 DD
Directive 5000.0101 1 2HAE S Oteddi=10 UCH. =, 0 #E2 2IIMAMLE
MRS fIE 2elE RSt =R HE MES GAIGHLD JUs A2, S3l MAMY
CHAHIO ==0tD] MOl Jlzs 8= HEE AMA6IH Jl=d 82 0I5 ot
ULH.18) Ol= LR TRL 23 RE U &8 U822 <H 2-9>192 20

H 2-9. 0= 2222 TRL & #& : DoD Directive 5000.01

10.5.2. Technology Maturity and Technology Readiness Assessments

Technology maturity is a measure of the degree to which proposed critical
technologies meet program objectives; and, is a principal element of program
risk. A technology readiness assessment examines program concepts, technology
requirements, and demonstrated technology capabilities in order to determine
technological maturity.

The program manager should identify critical technologies via the Work Breakdown
Structure. In order to provide useful technology maturity information to the
acquisition review process, technology readiness assessments of critical
technologies and identification of Critical Program Information (CPl) must be
completed prior to Milestone Decision points B and C.

(2) TRL 9EtHISl &

DoD2 TRL 9EtHI &2t MIRUEE CS <HE 2-10>2001 2Lt

18) 9124 9], 71 HAERITRA) WS 2 K80t A7 T 1SEIY, 2009
19) DoD Directive 5000.01 “DEFENSE ACQUISITION GUIDEBOOK”, 2007
20) FFAIA7|SIIY, BEAAN|SNEA D] RELA SRR 7)F, 2007
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2 2-12. ‘2 UE DA 38 ol Gis Jl=d=sc &2
= 5y 9
1 e A design concept has been formulated.
— &3 HEO0l BEEU=I?
5 e The connection type has been analyzed or tested for static strength.
— oY HZR Bt AT Ool =24 L AIEZA=I?
3 e The connection type has been successfully deployed in a low seismic region
— oY HZR B0l X&0| EX 22 XNGWA 38z MELHLD YA=IH?
4 e The connection type has been analyzed for response to inelastic cyclic loading
— oY HZR B0l IS FIIH o350l ol HED 2Sotekl A J=01?
e The critical connection components have been tested under inelastic cyclic
5 loading
— TR HER IFHEETHIL HIEE FIIH otsS0A AIFZ A=
6 e A connection subassembly has been tested under inelastic cyclic loading
— HZ2 A2 = AEHIF HIEHE FIIH SIS0HA AEZA=I1?
e Seismic design guidelines for the connection type have been formulated and
7 publ ished
— oY HZ2R BN it & AHXEO HEEZH SHEARA=I?
8 e The connection has been used in a bridge constructed in a high seismic region
— oY HZR B0l X&O0| IS XHHAME REANSH HELJA=I?
e The connection type has performed adequately during a design-level seismic event
9 in the field.
— oY 9HZF Eol dAst ===2 XF0 LIS FJR IHESH ds2
23S A =017
(3) TRL O}
0l AFO0A TRLE JHE = 0[0] 24 HAHW L= S Gaez &
A0I1BE2 HARO HEHN MNMHFE THGH)| ol AF=EE 2401 OfLICH. CHGH,
=ci TRLE JHEg= ==8Js 2 SHE Joo O ke BFE =28ote XNE
otEot ) /A 0 et mEE AN HFOst 45219 M=ZIHU 2ol
Ol /CH. M2t 2 TRLE Z4H0R=s 2482 T=  ‘Green” ,  Yellow
‘Red’” S92 SHHIZ 20N £ 45229 SHEY 24 =(0-25, 25-50, 50-75,
75-100%) 2 EOISIACH (E 2-13. & X)
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H 2-13. 'S5 U DEAS 28 o et JIsd=sE EIIE
Technology Readiness Level(TRL) % of Development Complete
TRL Description 025 25-50 50-75 75-100

1 Concept exist

2 Static strength predictable

3 Low seismic deployment

4 Analyzed for seismic loading

5 Seismic testing of components

6 Seismic testing of subassemblies

7 Design and construction guidelines

8 Deployment in high seismic area

9 Adequate performance in earthquake

<H 2-14>= 012 28 ZY¥ez ™E, Fotta = Stutel ‘dt ASH(bar
coupler)” &g S TRL Eit2 ME 201 JUC. GHIIM S0Ig RE
=Zcil TRL £= TRA HE0IA= JtE oL 8 SHDt "fEE 22 EIiH O3
=2 HAHAZ 2HE = XE, 0l AHdoAE 4, 5, 6EAHIE IR 2EHESUH T
ot 7, 8=tAHI EOHL OIR0 /MU= HOICH. Ol = Atdlel 3% TRLS
SHEE 25 W& AISEEO0l ZXF0HO0F & Dz RUSE JIs2 =50 WOt
25, 32060 = &= 2 EX2 TRL HE =S 8ot AJ| H20ICH
H 2-14. Bt HAEcd(bar coupler) & 2ol TRL BOIZ 1t

Technology Readiness Level(TRL) % of Development Complete

TRL

Description

Concept exist

Static strength predictable

Low seismic deployment

Analyzed for seismic loading

Seismic testing of components

Seismic testing of subassemblies

Design and construction guidelines

Deployment in high seismic area

O | O | N OO0 | |l W

Adequate performance in earthquake
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Technology Readiness Level (TRL) Process

NASA's quest to make jet engines quieter
led to the development of chevrons, which
moved| relatively quickly through the TRL
process to be deployed into the
commercial marketplace.

TRL 3 (Early 1990s)
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NASA TRL Checkl ist



Level

1 : NASA TRL Checklist

H/S/B Level 1 (Check all that apply) Yes No N/A
. Résearch hypothesis formulated? . . O
[Basis] :

. B?SIC scientific principles observed? O O O
[Basis] :
* Scientific knowledge generated underpinning
Both hypothesis? O O O
[Basis]
* Peer reviewed publication of studies confirming basic
principles? O O O
[Basis] :
* Physical laws and assumptions underpinning
observations defined? O O O
[Basis] :
H/W * Physical laws and assumptions underpinning
observations verified? O O O
[Basis] :
e Basic elements of technology identified?
X O O O
[Basis] :
* Algorithmic functions and assumptions underpinning
observations defined? O O O
[Basis] :
S/ * Algorithmic functions and assumptions underpinning
observations verified? O O O
[Basis] :
* Basic mathematical formulations identified? O O O

[Basis] :
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Level 2 : NASA TRL Checklist

H/S/B Level 2 (Check all that apply) Yes No N/A
e A concept formulated?
Soneep o ol o
[Basis] :
e Basic scientific principles underpinning concept
identified? O O O
[Basis]
e Preliminary analytical studies confirm basic concept?
.yy pI:II:II:l
[Basis] :
e Application identified?
PP O ol o
[Basis] :
e Preliminary design solution identified?
o [minary fesio O| o| o
[Basis] :
e Preliminary system studies show application to be
feasible? O O O
[Basis] :
e Preliminary performance prediction made?
Both o [MN&rY P d o ol o
[Basis] :
e Modeling & Simulation wused to further refine
per formance predictions and confirm benefits? O O O
[Basis] :
e Benefits formulated?
X O O O
[Basis] :
e Research & Development approach formulated?
' pment app Ol o | o
[Basis] :
e Preliminary definition of Laboratory tests and test
environments establ ished? O O O
[Basis]
e Concept/application feasibility & benefits reported in
scientific journals/conference proceedings/technical
J p g O O O
repor ts?
[Basis] :
e Basic properties of algorithms, representations &
concept identified? O O O
[Basis] :
S/W | Basic principles coded?
1916 prineip O ol o
[Basis] :
e Experiments performed with synthetic data?
P P y O O O

[Basis] :
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Level 3 : NASA TRL Checklist

H/S/B Level 3 (Check all that apply) Yes No N/A
e Preliminary performance metrics established for key
parameters? O O O
[Basis] :
e (Critical functions/components of the concepts/application
identified? O O O
[Basis] :
e Subsystem or component analytical predictions made?
X O O O
[Basis] :
e Subsystem or component performance assessed by
Modeling and simulation? O O O
[Basis] :
Both - -
e Llaboratory tests and test environments established?
X O O O
[Basis] :
e Analysis of test results completed establishing key
per formance metrics for components/subsystems? O O O
[Basis] :
e Analytical wverification of critical functions from
proof-of-concept made? O O O
[Basis] :
e Analytical and experimental proof-of-concept
documented? O O O
[Basis] :
e Laboratory test support equipment and facilities
completed for component/proof-of-concept O O O
[Basis] :
H/W | e Component acquisition/fabrication completed?
5 O O O
[Basis] :
e (Component tests completed?
e d o| ol o
[Basis] :
e laboratory test support equipment and computing
environment completed for component/proof-of-concept
. b O| o| o
testing?
Basis] :
S/ [ C ] t isition/codi leted?
e Component acquisition/coding completed?
.Dq g comp ol ol o
[Basis] :
e Component V&V completed?
d d ol o| o

[Basis] :
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Level 4 : NASA TRL Checklist

H/S/B Level 4 (Check all that apply) Yes No N/A
* Preliminary definition of operational environment
completed? O O O
[Basis] :
e Analysis of test results completed verifying
performance relative to predictions? O O O
[Basis]
* Preliminary system requirements defined for end
Both users’ application? O O O
[Basis] :
e (Critical test environments and per formance
pre9|?t?ons defined rglatlve. to the preliminary 0 . O
definition of the operating environment?
[Basis] :
. Rélatlve test environment defined? . . O
[Basis]
» Concept/application translated into detailed
system/subsystem/component level breadboard design? O O O
[Basis] :
* Laboratory tests and test environments defined for
breadboard testing? O O O
[Basis] :
* Pre—test predictions of breadboard performance in a
I?boratéry environment assessed by Modeling and 0 . O
Simulation?
[Basis] :
* Key parameter performance metrics established for
H/W breadboard laboratory tests? O O O
[Basis]
* Llaboratory test support equipment and facilities
completed for breadboard testing? O O O
[Basis] :
» System/subsystem/component level breadboard fabrication
completed? O O O
[Basis] :
. Breadboard tests completed? 0 . O
[Basis]
e Breadboard performance results verifying analytical
O O O

predictions and definition of relevant operational
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H/S/B Level 4 (Check all that apply) Yes No N/A
environment documented?
[Basis]
» (Concept/application translated into Getailed
system/subsystem/component level software
yore ysten/conp ol o| o
architecture design?
[Basis]
e Llaboratory tests and test environments defined for
integrated component testing? O O O
[Basis] :
e Pre-test predictions  of integrated component
performance in a laboratory environment assessed by
) ] ) O O O
Modeling and Simulation?
[Basis] :
e Key parameter performance metrics established for
integrated component laboratory tests? O O O
Basis| :
S/W [ ] - X
e Laboratory test support equipment and computing
environment completed for integrated component
. b ? b o ol o
testing?
[Basis]
e System/subsystem/component level coding completed?
).’ y p 6] p . . 0O
[Basis] :
e |ntegrated component tests completed?
'Q P p . . 0O
[Basis] :
e |Integrated component performance results verifying
analytical redictions and definition of relevant
yticat prec O ol o
operational environment documented?
[Basis]
e |ntegrated component tests completed for used code?
g p p O O O

[Basis] :

_85_



Level 5 : NASA TRL Checklist

H/S/B Level 5 (Check all that apply) Yes No N/A
 Critical functions and associated subsystems and
components identified? O O O
[Basis] :
. R('elevant environments finalized? 0 0 O
[Basis] :
. St?al ing requirements defined & documented? 0 0 O
[Basis]
* Facilities, GSE, STE available to support testing in
a relevant environment? O O O
Both | [Basis] :
* Modeling & Simulation pre-test per formance
predictions completed? O O O
[Basis] :
o System level performance predictions made for
subsequent development phases? O O O
[Basis] :
e Successful demonstration documented along with
scaling requirements? O O O
[Basis] :
* Critical subsystems and components
breadboards/brassboards identified and designed? O O O
[Basis]
H/W . SL.Jbsystem/oomponent breadboards/brassboards built? 0 0 O
[Basis] :
* breadboards/brassboards successfully demonstrated in
a relevant environment? O O O
[Basis]
* Critical subsystems and components implementations
identified and designed? O O O
[Basis] :
e Subsystem/component integrations and implementations
S/W completed? O O O
[Basis] :
» Subsystems/integrated components successful ly
demonstrated in a relevant environment? O O O

[Basis] :
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Level 6 : NASA TRL Checklist

H/S/B Level 6 (Check all that apply) Yes No N/A
» System requirements finalized?
X O O O
[Basis] :
. Ogerat|ng environment definition finalized? 0 . O
[Basis] :
* Subset of relevant environments identified that
address key aspects of the final operating 0 0 O
environment?
[Basis]
e Modeling & Simulation used to simulate system
Both per formance in an operational environment? O O O
[Basis] :
* Modeling & Simulation used to simulate
system/subsystem engineering mode | /prototype 0 . O
performance in the relevant environment?
[Basis] :
. S?al|ng requirements finalized? . . O
[Basis] :
* Analysis of test results verify performance
predictions for relevant environment? O O O
[Basis] :
. E*ternal inter faces baselined? 0 . O
[Basis]
* Facilities, GSE, STE available to support engineering
model| testing in the relevant environment? O O O
[Basis] :
* Engineering model or prototype that adequately
addresses critical scaling issues fabricated? O O O
H/W | [Basis] :
* Engineering model or prototype that adequately
addresses cT|t|caI scaling issues tested in the 0 0 O
relevant environment?
[Basis] :
 Test performance demonstrating agreement with
performance predictions documented? O O O

[Basis] :
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H/S/B Level 6 (Check all that apply) Yes No N/A
. Hérdware/software inter faces basel ined? 0 0 O
[Basis]

* Facilities, computing environment available to
support software model testing in the relevant
environment? = = =
[Basis] :
» Software model or prototype built that adequately
addresses critical scaling issues? O O O
[Basis]
e Software model or prototype built that adequately
addresses crlt|ca| scaling issues tested in the 0 . O
relevant environment?
S/W | [Basis] :
* Prototype implementation of the software demonstrated
on full-scale realistic application? O O O
[Basis] :
* Initial draft of required software documentation
completed? O O O
[Basis] :
* Test performance documented demonstrating agreement
with performance predictions? O O O
[Basis]
* Engineering feasibility fully demonstrated and
documented? O O O

[Basis] :

_88_



Level 7 : NASA TRL Checklist

H/S/B Level 7 (Check all that apply) Yes No N/A
* Design addresses all critical scaling issues?
[Basis] : - - -
* Modeling & simulation used to predict performance in
the operational environment? O O |
[Basis]
Both | « All performance specifications verified by test or
analysis? O O O
[Basis]
e All final acceptance testing plans/procedures/criteria
have been basel ined? O O a
[Basis]
* The flight hardware design baselined?
[Basis] - - -
* Facilities, GSE, STE available to support prototype
and qualification testing of flight demonstrator? O O |
[Basis]
* Fully integrated engineering model or scaled
prototype unit that adequately addresses all critical
scaling & external interfaces built? - - -
H/W | [Basis] :
e Qualification tests for flight demonstrator
comp leted? O O O
[Basis] :
 Fully integrated prototype unit  successfully
demonstrated in operational environment? | | O
[Basis]
» Successful flight demonstration documented?
[Basis] : - - -
* Hardware interfaces baselined?
[Basis] - - H
S/W |« Facilities, computing environment available to
support prototype and qualification testing of O O O

operational software?

[Basis] :
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H/S/B Level 7 (Check all that apply) Yes No N/A
* Fully integrated software model or scaled prototype
system coded that adequately addresses all critical
scaling issues and component and hardware interfaces ? = = =
[Basis]
* All software testing/V&V specified in software
development plan completed and results documented? | O |
[Basis]
S/W | * Fully integrated prototype software successfully
demonstrated in operational environment? O O O
[Basis]
* Intermediate draft of required software documentation
completed? O O O
[Basis] :
* Successful operational demonstration documented?
O O O

[Basis] :
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Level 8 : NASA TRL Checklist

H/S/B Level 8 (Check all that apply) Yes No N/A
e All flight hardware subsystems design complete?
[Basis] : - = =
e All flight hardware interface defined? 0 0 O
[Basis] :
e Flight system design complete?
[Basis] : = O O
e Flight and ground operational plans baselined? O O O
[Basis] :
e All flight system qualification tests completed?
[Basis] : = = =
W e All system performance specifications verified by
either test or analysis? O O O
[Basis]
e All components/subsystem/system flight hardware
system acceptance testing completed? O O O
[Basis] :
e All flight hardware delivered for integration? O 0 O
[Basis] :
e Final system integration complete?
[Basis] : - - =
e System readiness for launch/operation documented? O O O
[Basis]
e All software components and hardware interfaces
defined and design complete? O O O
[Basis] :
e Software operations, maintenance and retirement
baselined and draft documentation prepared? O O O
[Basis]
e All software testing/V&V completed as specified in
ject pl d lts d ted, iewed d
project plans an .resu S o§umen e reviewed an O O O
approved by appropriate authorities?
[Basis] :
S/W e All defects and software issues, including impacts on
requirements either fixed or resolved, and results O O 0O
documented?
[Basis] :
e« All components/subsystem/hardware interface system
acceptance testing completed? O O O
[Basis]
. i i ?
ngtwgre readiness for launch/operation documented? O O O
[Basis] :
e All required software user documentation, version
description, and maintenance documentation completed? | O O O

[Basis] :
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Level 9 : NASA TRL Checklist

H/S/B Level 9 (Check all that apply) Yes No N/A
e Flight system inserted into operational environment?
- O O O
[Basis] :
e Flight system operated in operational environment?
- O O O
[Basis] :
e Flight system performance analyzed?
- O O O
[Basis] :
H/W ) e )
e Flight system performance verified as meeting
operational requirements? O O O
[Basis] :
e \Verification of flight system performance meeting
operational requirements documented? O O O
[Basis] :
e Software fully integrated and operated in the
operational environment? O O O
[Basis]
e Software per formance analyzed, verified and
documented as meeting operational requirements? O O (|
[Basis]
S/W |« All required software documentation completed?
- O O O
[Basis] :
e Sustaining software engineering support in place?
- O O O
[Basis] :
e Software operations, maintenance and retirement
procedures finalized and documented? O O O

[Basis] :
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