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PREFACE

: In response to the request by the Government of the ngdom of Tharland the Government ‘
of Japan dispatchied an expexl on maintenance for expressways-and a cablc»stayed bridge; Mr,
- Hiromi KOSAKA to Expressway and Rapid Transit Authorrly of Thailand (ETA), Mmrslry'-

g of Intenor, in August 1990. . _

The background of the request is as follows

"The LTA has been ass:gned lo nnplement urban expressway systems in the ngdom
~of Thailand. In December, 1987, the first stage expressway with total length of 27.1
-k was conipleted and opened for traffic. . Among this, there exists the woild Iongest
_ cable-stayed bridge, Rama IX Bnd,g,e, ‘which:_has central span of. 450 meiers. The
first and-the second section of the’ expressways weré opened to public in 1981 and
1983, respectively, So the iniportance of naintenance work on the expressways and,
oo othe brrdge has'increased in order to maintain smiadth traffrc operatton ‘Therefore an
o '.experreneed expert-in expressway and brrdge mamtenance is by all means: requrred_- B

' lo E’I‘ : L L S

lhe main dulles for whrch the expen was responsrble

-a) I‘o prepare reparr work manuals both for the cable«stayed brldge and ordmary’_,
expressways makmg use of past reparr examp]es : o

b) To- set up a maintenance datd reeordmg system for systemauc mamtenance- :
~ work, _

) To carry out & perrodre inspection work of the’ eable«slayed brrdge

¢) To give adv1ce, comments or mformahon on (he re- surlacmg pl’O_]CCt of the
_ cahle—stayed brrdge :

“The expert performed hls duties - with the counterparts in thc ofﬁce of expressway-
. managemem departiment for two years. . e

This report complies the works that have been done on the mam duues, and also mcludes »
some reeommendauon deented to be nocessary for the mamlenauce work. -

mally the expert woukd like to express hrs sincere apprecrahon for the cooperallon and
upports which were given from many persons durmg his tern m the ngdom of Tha:land

| HIROMI KOSAKA
Expert on Maintenance for Urban: Expressways
Japan Internauonal Cooperatron Ageney



1. Inspection and Mamtenance System of the Metropolitan

Expressways
1.1 General

| The Metropdluan_ iExpressways ‘are motorways constructed -for the puipose '. of
- contributing to éul_turél and industrial development of .the metropolice. The expressway can
isolate the living em"i:r':(')nmerjt along the route ﬁ)ithiﬁ ‘the city "from a mass flow of extrancous
vehicles while, on the ofher hahd" enhancing travel and lime benefits of the miotor vehicle
traffic. The Metropolltan Expressways also play an lmportant role as an cxtersion to
mterurban expressways.. For example, the Metropolltan Expressway Route No.3 connects to

_ihe Tomei prressway whlle Route No 4 1o’ the Chuo Fxpressway (,See Flg 1 1)

The ﬂrst Metropohtan hxpressway was opened in December 1962 for a (hsiance of |
| .4 S km from Takara-cho Chuo Ward 0 Kalgan dori, Mmato Ward in ccmral ‘Tokyo anid lt_ |
13 stlll tochy a v1tal part of the prcsent Route No 1 As of Aprll 1991, the total length of the’
: l:_cxpressway in service 220 0 km wﬁh a, trafﬁc volumﬂ mcreasmg from approxrmately 1.15
- million vehiclesfyear in 1962 to 404 47 mllhon vehtcleslyedr in 1990. Namely, for |
3 appmxlmately 49-fold increase of the lcngth in service, lhc traffic volume showcd an increase |

: by approxnmately 350 umes )

’Ihe traffic. volumc per kin has increased by approximately 700 times, from
approximately 250, 000 vehlcleslkmlyear m 1962 fo 1 84. mllhon vchlcleslkm/year in 1990
In pamcular the. structural change in the transpoft mdustry has brought about higher

: percentagc of large trucks, with lhe percemage of truck rlsmg from 2.7% in 1962 {0 19 % ' o

Cin 1991 Asitis evndent from Tablc 1-1 and Fig.1-2, the lcngth in service and traffic volume_ o

have. undergonc chronologlcal growth but traffic volume per km has’ edged down in rate of
growth. This means that. traffic volume per km has reached the road capacity in these ten

years in view of recent traffic congestion and the strict traffic control on the expressways.’ '

- 'On the other hand, with a'history of 30 years since the commencement of service, .

lhc Mt,tropohtzm Expressways contam approxnmately 40.7% of 20 years or more. old_ |

- portiof, 49% of 15 years ot morc old portion and 63% of 0 ycars or miore old portion as
: of March 1991 (See I‘lg | 3) '

. :1:~ 1
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" Table 1.1 Trend of Lenght in Service.and Traffic Volume .~ '

o6 | o 349 B 3085 - 0.88

11963 134 | n19 s
1964|328 o235 | 068
1965| . 328 28.63. 0.87

4967{ o, 412 | - 4803 1.02
1968 609 | 7143 . 127
1969(.. - 713 - | 11796 R VS R
1970 896 - | 13419 | 150
Aeagrafs o928 | 16637 IR W 5
1972 1013 - 18132 IR Frl
1973 - 1078 | oo19221 | .78
1974 1078 . - 18899 - 1.75
1975 1078 | 19165 R O £
11976 113 | 202810 o182
1977 - 1317 21784 1 . 165
1978 1317 S25126 b 191
1979 . 1387 | 25784 1.86
1980 - 1387 26818 193
1981 - 1456 ‘ 28124 | 193
1982 1576 284.10 | 1.80
19831} - 160.8 | 28002 . 174
1984 1732 291.48 ' 1.68
1985 S 1732 1305.07 16
1986 1732 31299 | 181
1987 2009 C 33979 169
1988 - 2009 | - 36570 | - 182
1989 2174 0 b 38126 LIS
1990 2200 - 40447 R E A
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: I‘ma]ly, to ensiire safe and smooth ﬂow of g1antlc trafl“ ¢ volume, the expressways are.

prowded with Inghly s0phlsuealed road admlmstratwe facilmes, L.y trafl' ic safety devwes,'

traffic control systcm and other most dwers:ﬁed attached faellnles ’l‘hese must be well -

, malntamed ©. preserve thei t‘uncnons In vnaw of overload lraffic volume for exceedmg the.'
mmal estimation, chronologlcal deternoranen, umque characterlstlc and admmlstratzon '

busmess has bccome more and more comphcated and mereased us sngmﬁcance

The Metropoluan Expressways are bmlt separately from ordmary roads to improve
safety, comfortabnllty and speed of lhe motor velucle traffic. They are alse desxgned to avmd :
at grade mtersecuons wlth ordmary roads by employmg vraducts, bndges and lunnels :
Because of its pamcular feature as an urban expressway, the Metropohtan EXpressway ruils
'mostly on top of roads and nvers and consequently constructed wnh many curves and.

accemmodales geometrlcal and struchiral complexnty

LAs of Apnl 1991 the lolal length of expressways compnses 85 4% of elevated' o
slructure (68 9% for steel garders and 16 S% for concrete gxrders), 3, 9% of tunnels, 5. 9%'_ -
of dug—out poruon and 4, 8% of plam earth work portion (See Fig.1- 4) Consequently, the :_f "
© measures 1o be tal\en for the elevated structures are most 1mportant in the mamtenance and

ad :mmstrauon of expressways

Steel girders, steel plers and cast—m-place pxle foundahons, whieh are the most lypxeal :
expressway structures are shown in Fig, 1~5 As shown in- thls ﬁgure the Metropolltan'i-" '
expressways ate. made up from vanous comp0nents thh d;fferent durabllmes For example, '
'road markings Wthh have the shorter durablllty are erased wnthm a year whlle expansxon 3
joints and pavement requ:re feplacement ip about ten YCdl"S Glrders are expected to endure .
for 50-70 years while piers and foundation piles are’ conmdered to have mueh longer
durability. Durab:hty of toll h:ghways is generally (Ielermmed at 60 years by ihe Mnmstryt*
Cof I‘mance and 40 years by the. Ex:onomlc Planmng Agency In the case of the Melropoluan .
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: expressways, however, a subsiantial difference arises dependmg on which section has been
g .selected as 4 reference Accordmgly il is 1mpossrble to determine the durability in a strict

sen_se of He word whreh ap_plre_s ro_, Lhe expressxyay as a wl_roIe_

Al present the Metropohtan expressways are in a- phase requmng parual:

iiiii

?to prolong the semce hfe lhrough mamtenance, mspectlon and repair. In addmon, the
mamtenance and admrmstrahon of the Metropohlan expressways must be exeeuted with due
) consrderation and checkmg on any change of not only vrsable above-ground members(prers,
grrders, ﬂoor slabs, road surface, llghtmg apparatus etc. ), but also underground members

o (anchors bearlng bod)

A hst of the expressway facrlrtres is shown m Table 1-2 and prrmary d031gn

: specrﬁcatrons for the Metropolnan expressways are as follows:-

" Geometrro standards for lnghways (anan Road Assocratron)
X Specrﬁcauons for hrghway bndges (Japan Road Assocratlon)
. part I~ ¢ common speerﬁcatlons _ :
part Il ¢ - steel bridges |
-part 1T concrele bridges
- part IV, Ci . substructures
Copant V R  seismic design

1.3 I\-I‘airitenance 'an;d Admin_isirzition Organization

Proper execution of mamlenance and admrmstralron is possrble only whcn t‘ne :.yslern

-and orgamzatron are estabhshed wrth requrred manpower and maehmery effcctlvcly and

reasonably arranged

Rotrg!rly sp’eakin'g, following three kinds of business are necessary' in order to
N mamtam and aclnunrster the Metropohtan expressway section cnrrently in semce

E 1) = Collection of tolls and olher related business

2). . Traffic control .+
- .'g\-ia's_n_{ena:nce and'repnir =



Table -2 Summary of Equipincnts Belonging to MUEPIC.- © 7
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ORGANIZATION.

1 . _ Sﬁge_!_ariﬂ. B

Thediars e |-
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T
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1-4-1 Kasumigaseki
‘Chiyeda-ku, Tokyo 10 .
Tel. 03 {3502) 731 %:

i

-{: Management Deparlment. - - Business Mznagement Division

- L Etononile Suovey Divislon

;’;'“T“!r' T - Thatic thanagemtat Division

‘ D{:ﬂp;ﬁm:&sgamep <L Tralfic Control Fatilities Divislon
T L Tesitic Control Sagineering . . -
Division . .~

1
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- Survey & Research Divislon .
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%nd quulsllloh Dep’ar1mehT]—~ Land Agpralsal Diviglon |
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' . Design & Research Diviston
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- Phone: 03 (3861} 8171 .

—{ " Secand Constrisction Degartment ]

" 1.2-13 Yoyogi, Shibuya-ky, -
Tokyo §51 )
_Phoqe: 03 (3370) 2171

__.{ Thlrdl)ohslrucllonqu'a'tlmcn_i_ j

2-14-4 Hachobori, Chuo-ku,
Tekye 104 O
Phone: 03 (3553) 1231,

{3y shore Roule Constivelion Gureaa - |

1:11-11 Shiba, Minatoku, Tekyo 105
Phone: 03 (5232) 6761

oy
]

2.25 Masagecho, iaka-k, ‘
Yokohama Cily, Kanagawa 231
Phene: 045 (662) 1158 -

-L Tokyo First Wanageaient D_epatlmcnlj '

~ 2-18-3 Hirakawa-cho, Chiyoda-ku,
-~ Tokyo 102 :
Phone: 03 {3264) 820G

—1 Tokyo Second fanagenteat Depatimenl ]

6-1-1 Kiba, Keloku, Tokyo 135
. Phone: 03 (3646} 1 158
- : I . .

weor, Yokyo Malnlenaace Depastment. . j

1-1-3 Shiritomi, Chuo-ku, Tekyo 104
" Phone: 03 (3562} 1441

: @nacawa :.1anaqem;x?0cpa:lmenljl

© 1:3-4 Higashikanagawa, Kanagawa-
%, Yokohama Cily, Kanagawa 221
Ph(_}ne: 045 (461) 2021 '

113, Mihombashi Kabutocho,
Chuo-ku, Tokyo 103
Phone: 03 {3657) 3357
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Head office departments to execute abcve duues mclude the Management Depart:ncnti'j'
in charge of property managemem ( occupancy under clcvatcd rcad el and of busmess' _
( toll cc]lection etc ) and the Trafﬁc Ccntroi Departmcnt in charge cf planmng and research
“of traffic control system, 1mprcvement of traffic safety devxces, execution of" control The B
' '.Mamtenance and, Equlpment Department takes charge of road mamtcnancc and repaur for _
preservation of road’ $ origmal functaons as. wcil as of dasaster rehablhtauon (Sec Fig -6) )

Direct 'ﬁeld jobs related to the roéd meintenailce and reb‘a’ir‘ are iih'de'r 'con'trol' of cﬁe_ |
eqmpment control office and five mamtenance ofﬁces which are lower branches of the
Tokyo Maintenance Office and Kanagawa Operatlon Office Basés in- charge of civil |

[

engmeenng and repalr of facihtles are also. erectcd m 15 lecallons as shown in Fxg 1—7
14 tn nance and R i ot

Fig. 1-8 shows a trend of mamtenance and reparr ccst A chronologlcal trend showsj

a substamlal growth in cost startmg from 1971 “This means that repalr reqmrement grew .

substanha]iy in approxnmately ter years since commencement of serwce or that the t:me hasf‘
- come for large-scale Tepair; . Prmcnpal faclors responslble for mcreased mamlenance and
repalr cost of ifie Metropohtan expressways are mcreased stock and mﬂatmn These factors-'- -

are expected to exert substantial mﬂuence in future too
15 Qggg'g'ption of Mg_integange Doty

The mamtenance asa whole of the expressways can be classnﬁed mto the semcmg "
and repalr and the 1ncurred business. The servwmg and repalr are further dmded mto a
:servzcmg duty and a repair duty, The semcmg duty cons;sts mamly of cleamng wh:le the
repair duty repair and 1mprovemem. The repa;_r is su_nbdwlgjed into mamtenance and5 _r_epa.lr.

(See Fig.1-9).




Maintenance: semm
as-a whole :- -
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~ Fig. 1-9 Classification of the Maintenance Business
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- Servicing and repair of iho Mo__tro_politan_t:xpross\va_ys include 'foliowirig '_jobs':_ B

i) Scrv:cung

(y Road Structurcs

:a.

e
f..

Cleaning of road surface B
Cleamng by hand and machmcs, wmoval of faIlcn obstacles

Clcamng of tnnel

Cleaning of tiled surface and all’ sccuons by hand and machmes

' Cleamng of guard rails -

Clegning . of guard ralls oit expressways and brldges by hand ‘and

:machmes _
o CEeamng of dramage equlpment

Cleanmg of galleys underground and elcvated dramage pnpes, lateral' S

Cdidlies L T
) :‘ jCleamng of lrafﬁo sngns . . :

-Cleanmg of noise barner v

'.(2) ' Fac;htles e

a..

2 Repair

Cleanmg of llghtmg apparatus "

~ Cleaning of varlous hghtmg apparalus

Cleaning of mechamcal facilities :

Cleaning of surface .drainage tank punﬁcanon tank veceiving tank -
hydrant, fire cxtmgu;sher lamp '

Cleanmg of buxldmgs

Cleanmg of toll gates and ofﬁces

(1) . Road Structures

a.

Inspectlon of slructures _
Patrol inspection, mspecnon of strucmres check of concrete struc{ures_ '

for any crack and other - ﬂuctuations, mspeclwn inside umnel'

measurement of settfement of structures at flxod pomts mspcctmn of

special structures ( oil damper, efc. )

Repalr of coatmg_

1-16,
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Repair of expansion joiltts

_ Repaxr of dramage facmttcs
 Repair of pavement
Repatr of structures
- lRetnforcement of ﬂoor s!abs, repatr of shoes, repair of protcctor

- (handrails, guard rails, fences, nmse barriers)

Road markrngs and traffic srgns
Emergency counteractton tn case of disaster

Measures tn case of accrdent removal of fallen obstacles,

countermcasure agamst show damage

: ZCOnservatton of green beil '
- I‘acrhttes _ |
'Ltghtmg famltttes .
__Repatr of road hghtmg apparatus and facrhttes
Drainage facﬂines : | -
' Semcmg and repatr of pumps and attached machme repatr facrltttes
o Traff“tc signs '
~Repair of traffic SIgns
'“:E_’Venttlatton equtpment o

Servrcmg and repalr of tunnel venttlatton equtpment and attachcd

A eqmpment

Power recewmg and dtstrtbntton facﬂtttes

o .:Servremg and reparr of power recetvmg equrpment substations, power
| generator, remote momtermg and control system lugh tension lmes,
electric manholes | |
'='I‘elecommuntcat10n factitttes o

. ?Repatr of mrcrowave radto crime preventtve radlo telecommumcalton

:ltne, telephone sets .
| : "Other electncal cqtttpment
| ."'Matntenancc of cathodtc protechon cqutpment anti-frecziné-

equtpmcnt elec[rtcal equtpment

1“17 .



m.o _ _
N ]nstallanon and rcpalr of pliot lamps m curved socuons

.

- O

Fire fighting eqmpmont . L

Serwcmg and rcpalr of foammg oxtmgunshcr CO2 gas extmgulshor,. S

ﬁro deicctor; waler Spray o | R
rafﬁc control systom B _

Inslallatlon scrv:cmg, mspcctlon and repalr of vanahle message

s1gns, vehtcle dctoctors, and ITV and mamtenance of trafﬁo control :

acilities o B '

‘Toll gates and auached buxldmgs -

Reparr of toll gatos boolhs, account ofﬂce, venhiauon room, and

~other. bu;ldmgs and repaar of base bwldmgs ; .

Axle. load measurmg system ::_‘ e

Servmmg and repzur of axle load meters and cameras

Improvcmenl of tunnel dlsastor preventive equrpment

Installatlon of ﬁre detector and momiormg TV water spray system,

and alarm boards

P:iot lamps

blectrlca! repalr and m\provement

Inslalhuon of mtcma[ nlumlnatlon sngn plates and low voltage

_ swuchmg board demurrmg of mercury lamps, 1mprovement of remote ,

moniloring and control system and 1mprovemem of mvcrler system
]mprovemcnt of bmldlngs I '
Improvement of foll gates and booths as woll as baso buildmgs '
Mechamcal 1mprovemcnt o ' B
Improvemcm of tunnel vennlatlon con!rol systh

Abovo listed are road mamtenance uems and varmus re!ated jobs in'cc 85.4% of

the enlire Mclropohtan exprcssways is occupled by the elovated secuon the mamlenance and .

» administration have a long~term sxgmﬁcance In thls v;ew thc mspccuon du(y and repair duty -

for concrete and steel structures m parucular arc descnbed below togelher wnh the outlme'_f_

of jOl) and ncccssary prccaullons

'1"-:18 N



Thc repalr duty bcgms wuh Jnspechons The patrol lllspecuon hcips carly dctccuon
of dctenoraled or damaged poruon “of road, followed by emergcncy counterineasure (n‘

neccssary) to secure safe and smooth trafﬁc and to- keep road facnlmcs intact.

Inspccuon by its nature, can be clasmﬁcd mlo routine mspectnon, pcraodlcal

mspecuon and speclal mspecuon (Scc Fig. 1- 10 and Table 1-3).

{11 Routirie inspection
ook Vlsuai 1nspecnon from apatrol car '

o Detectlon of major damage :

n _.Pcnodlcal mspecuon |
U Vlsual mspecuon m a closc dlstancc usmg scaffold and mspcctlon car
accondmg to. the mspectmn plan ' ' '

* Detectlon of damage in detail -

"[3] ' Specnal mspecuon | _ ,
| ® Inspechon conducted after unexpected dlsaster or damage Thc melhod and-
frequency of penocllcal mspoctlon on concreie and steel structurcs are shown o

in. Table 4 and the 3udgemcnt cntena are descnbed in Table 1- 5
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'Tablc. 1-3  The st_‘andard' criteria

Judgcmcm of routme inspection

Judgemcnt e - Condition -

5 G Damage con31dered to be serious. largcty influencing
,traftlc and 3rd:patties. Fmergcncy repalr rcqulred

- _’Damage is' medium in swe has some mﬂuence on the -
o Fenvironment, but not, causing any serious threat to
L '_traffic Repair work may be nccessary

o !I':fI - .'Damage is smail wnth no mfluence at’ present {6 traffic
‘ not dctenorauon of slruclural function., Structure should

: -_be mspocfed ona daxiy basns for thc progress of damage -

=
P R

[HEN

: '-Standard crltena for pernod:cal and spccna! mspectlon

. Condmon S ‘Jddgcin‘eﬁt :

-'Siruaure is damagod toa senous dcgree Largely _
mﬂucncmg ttafﬁc and- 3rd pames Emcrgency repatrs A
are requxred : : -

'Damage is observed and Normal not emergency, repalrs
need to. be taken Structure needs. to be strengthened.

'Repair work should be carried out to such an extent that B
there is not detnmental mﬂuence to trafﬁc or. the :
envnronmcnt.-_ S Do _

Damage l‘ound but only at the s(age lo be rccorded ‘ . C
No damage or mlnor damage wh:ch needs no record ' } D

Damago i seen but its dogroe cannot be clearly _
determined, or abnormal damage which should be Q-
‘e':amincd usmg anothcr method ; : .

| thn damage is. c!ass;ﬁed as bcmg of the Q typc the reason l‘or the Judgement

| " should bo clearly recorded
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' Table 1-4

Periodical Tispection on Corerete aind Steel S{ructure

Inspection from scaffold -

F rcquency

: \hsual mspectron ina closc dlstance or wrth measurmg

instruments, vsing scaffold uscd in coatrng repair-or ﬂoor stab
runforccment work. iy

Each hme the scaffoid 1s crected

Inspccuon of Prers and
glrdcrs

'Frequency

| Visuat mspechon ind clo' dnstance or with measurmg
-msiruments, using, scaff

of mspecuon car, on girder end cross
glrder floor: sab’ end support and expansron Jomt amund prer
or picr. grrder IR R _ _ .

Tnspectioh while Walking
under viaduct

'Frequency

' 'Vrsual mspection or mspcctlo w;th a. bmocular whrlc walkmg

under viaduct, for the purposé ‘of early- detection of excessive _
damage or structure, f‘allen obstacles possrbly affectmg any thnrd _
parly, abnormal sound ' _ '

Once a year

girder -

Inspcctron msrde the box

Inspection: for any ﬂaw or crack pamcuiarly in ﬂoor slabs whrle :
entering drrectly mto the box grrder through exrstmg hole

I‘rcquency Every f‘we to séven years '

Inspection of concrele-
girders using phioto

Inspection for-any damage usmg photos of grrders taken ’oy a
photographing engincer under diréctiort of -an-inspection ~ .
(engineer and inspector. formmg a team). Photograpinc accuracy

must enable Judgement of crack of around 0. l - 0 2 fam.. '

Frequency Every fi ve to seven years

-

Dynamrc ingpection of
concretc

‘Inspeclton to grasp developmeut of ﬂaw and crack in coucrele
requiring follow-up by measurmg varrauon of ﬂaw and crack
-wr!h a confact. gauge, etcy S

Frequcncy Twrce a year

Lolts

Visual mspectron of I‘llT for any mrssmg bolt or crack by
Inspccuc-n of hngh tensmrr :

hammering or ultrasonic ﬂaw dctectnon

Ijrequr.ncy:. -

. Bvery.ten ygars Ce

1-22




- uoncedsut

- 10} POYIOWE 10D
| ~IoggTp Surnmber
uomﬁﬂﬁ TBULIOUqR

PUR S[GRLRUSPL
Ajres] 10U oSRWe(T .

) | . 3upRId OV I0 OJ

107 W 170 URYy)
53] pUEB Y 10)
EE N O 5HVH3. Nﬁz .

o om ey wm&

TEAZOIUL NORID

o THIM PUR UOR
~0QIIp SUDORIO B UL
UOTSUIWIP [EUOTOIS

30 /1 UBLR 50U

qdop Wm “Dd 0¥
Wy 170 pue Y10y

EE T0 Wpim ﬁwwz *

. TuRu
-20I0JUIRY UQ JeDS
LA ‘erow 10
WU g0 PPIm ﬁﬁ .
WO S weys $S97
TeAalUL NoRIO
B UM ‘Qrom X0
WUl €0 PP TXBIN 4
UORIAID

1 Suppemeu
UOISURWIP [euon

~095 JO ¢/7 Uy
~erow anv P
f9d 10 SI0W 10 -

WL 0 pue Y J0f

W £°0 YIPWA XN«

|- Auwe o Apges

. Rred prp -
OyfER 0
UOHONESAO
.‘ . Ocﬁmﬂ.mo

 Ayqissod.
‘ofeyealq:

L D1RIDUOD) «

| 0N Sutpicooy

bmmwmuoz _ .
- Juswaspny

.umaom xonuubﬁm

PN 555

wxom =o$c£-sw5 Jo 5;8%5 pue s_:_o xom o?ﬁ: :o;u&ncm

‘19pJIX) puE I314 JO noﬂumawﬁ Ec&wum Eou.« uorgoadsuy Joj mESEU uqummﬁn f

g1oNqEL




B SRR wdwumﬁv‘.!.

| e ] R Sy
o] RIOLISIOP INOIM. «

ﬁmcobw ‘
_ Eﬁom@umﬁ mq
. ,.,..Hconﬂoaoﬁv aﬁ? *

5&82 #:anm

‘01 Inp yiSuLns
FUSTDYIOSYT 5

210000

30 .@o.#.m&p
Juninsax pue

| IUSWIOIOJUIRL JO.

.. 3ur[eos-31QISSOd

- —oup - -

. UORRIOJOOSIP |
. v.dw‘ ‘ )
UOIRIOUAR(T. -

“uonoedsur

10} POYIDUL 1D
-Io331p  Surmbar
- 93euUIEp [EULIOUQE -
- PUE S[QRYTUSPL.

Kirespo poc.omwﬂ.“_.mm,w._”

S IULWISoIoyUe .
- joomsodxe pue |
- JJO-NRRIQ INOYIIAK - |

-aInsodxe -

Moy g

 BO-YeR3q PiM x

S TSIBQUIDUI [99IS.
o ) .....Edoﬁ.obou.*

- *SIoquIsT
Noogm Jd 30

5eIoyouE posodxy .

Od Pue ‘[ars
. Dd GusuredIoy

“UTRI 2RI0UOD) 5

ht.mm PIRR
Aue 10 f1orES
. dujen o

{ . uononnsgo
qeags. e

3usneo
Ayqrssod
‘a8exealq

A2IDUCY) 4

.. SIoqueur
12935 pesodxs

PU= 3j0-3Ea1g

| pomey s o1
| Buiprosoy 3300007

bdwmouoz _

1ON mEEOuQm.

b.mmmoooz _
mEEoUom

SN wu.wmww&z”_b&mw

AIesSsooaN
iredoy AouoBrowg

way

ey
uswLSpny

PawoD) sog qoﬁs.ﬁﬁ 30 IP3YD PUE 1P Xog PISUY YD

Qoﬁbmv pue JoYg Jo YY) Eoﬁwum WOy, xumﬁo 0§ BLISILL). udoﬁmmvﬂ.

ST 9IqE]



Sugussaid j0u Mg

‘UORBULIOISD UMM |

- Kyoedeo Surdires .

pROI 3O UOW -

-zIouPp Suisned

UOLRLLIOND GIIM «

“wepqoad 1ofeut -

Kyoedeo Suidired

1w pue JequIsW

) Corhped
©prm Kue pue
oujenl SUNRNE
‘ Ayqrssod -

© PUNOS [RUILIOUQE

SlequIsls

. pewuopRq

o005t PosodT « |

: o POl Jo uon 30 JIO-EBRIG: _
S . --38eurep JOUID [ Sunussard j0u0 .ﬁoﬂ&ov Buisnes 10 oferealq . JOqUIAUE -
SEAR T 1 109SewepInoiIAy & | 10q ‘oSeurep YPIM ow%.ﬁ MM uﬁﬁw& ﬁ? % Eu«EﬁQ v
*SIoQUIOUT 335 _oommef s | cAared
JouoIONI0o 9q | juswsoeld eproues. | pimpAwe ol
. -] -ssod oM Ing NorIY WOL WOTONISGO AR
"Yeol JoTes INOMIM » |~ “[ed[ Towem QUM « mﬁuﬁﬂ. ToNep w | SIQISSod I « Yool ISTEM .
mﬁn&ua =S .
-Aared
| RE Ummo omﬂononm b fue .Ho_mvow..ﬁ%_ _
1 . Umsuqwod - - RPN
yonsedsut. i S muao te AnE 2UJEL O}
10§ PO ATB. . a pue AIAED. x “UOHOILIISGO
-somrp Suumbar : S ﬂwonw - Bursneo.
~oSewrp. [PALIOUqR "IGUISW 1938 | Um E« fsIaquIota . Ayqissod.
i pue oqERRUIDL pao%na ~pesodxa oM - | [99IS O MU -~ ‘ofeyeRIq
¥ Apresyo jou 0Beme( | puE bS«u WO *_.U.._. ﬁ.ﬁ 598 LN, g L 212X0UCD w

s h«aum xonowuoﬁm

5882

SR 6 mnouu sHogl nomnowﬂwﬁ 1 aomu&mﬁ pue u%.nw xog 3prsu] moﬁw%nw
L En ey vﬁﬁ uoﬂ” .wo ﬂoﬂu&mﬁ.. ﬁmo,ﬁ.uﬂum wo .um Godvoﬁwﬁ.m 10} BLIDILL) wﬁosooﬁﬁm

e %ﬁ

R




monu&mﬁ :

R (v 4 voﬁwﬁ B i
- =app Sunmbar
. uomﬁmv_ﬁﬁouo.m. : : _
i .oomﬁwv JOUTU YL -

Mo owmﬁdv Boﬁgp %

PR JIqRIIUSp!
bumoﬂo 30U ooﬂﬁa -

SEE & _ E«e
R .Hocn« quoaoﬁm .

, ceron punos -
mﬁooﬁ mﬁoﬁz *

-omp -

.HQm pue .ﬂevum

- X0G-3pIsul Xeap
10 ow&oum .ﬁm? *

P .qﬁwohou_op
| - S0P SSOf [RUOROAS & |

- omp <

T

- ontp -

1 parg Kue pue

L]

. "UOTIORUUOD
euozed yoq

| uaxorq 1o Swssmu

QIOU IO SUQ

QM DU JOQUUSW

o araussod WM « |

- 1.-punos ﬁnﬁoﬁd

ea] pue-
-93edaes 1ovem

onyery Sumddye
o Apqissod
_-‘punos [euIoUqe

co o Al
35007 10" SUSSON

3o Jjo-yEeIq
. 10 38eyeaiq.

&on .H.m .
omoo,m 30 SUISSTAL

. ,.M.“,,_..voﬁoz,&&&._ﬁm o

i ‘.naﬂuoooﬁ&ooao.mm

bmmm@uuz
CION mEEooom

e bﬂmoooz
- _wEEoBM

| oo st

redoy LouwsBiowy

URY
wewsdpng

waAr

| “XopXED) PUY WIJ JO nonosdsuy  ‘progyeds woy nomﬁwmmﬁ 103 BIRNLD) JUSUHTPAL

(@am0D) _.&__a_m.WQME.@H“rmme“__wW_ﬁmﬁo&ﬁ_?« 39par9) xog dpisuy woryedsuy

- ¢-Y 91qeX




’ The Metropohtan ekprestay are faomg not only detenorailon of structures, but also
- mcreased and compl icate auached equxpment And thus the mspecuon duty requires incréased "
ia work amoum sophlstlcatlon of technology, or hngh-level speclﬁed knowledge.

O SR L

_ To ensure rahonal ahd efﬁciehl mspechorl, strengmemng of the ﬁeld orgamzahon,
development of better mspechon practice, standatdlzauon of judgement cntena, COIIlpllmg
of mspecuon result in good order, and other 1mprovements must bo miade, Currently "

a computer system and achievement smtable sqution

Followmgma Tist of conventional iHstrumefits éind tools for inspection.”

DR TR

- For routme mspectlon

A pam of bmocmars, steel measure, ruler, test«hammer, plumb bob camera
T For per:odical mspectwn

| -A pam of bmoculars, steel measure, ruler, magmfymg glass, slide oahpers,
g clearance gauge, wire blush, test- hammer, plumb bob, plumb hne, camera,
blackboard T | s
- I‘or both occasion . ' " |
o Inspect:on vehlcle, trafﬁc control device, torch Iadder Specnal mstruments are
_ used for specnﬁc purpose of ingpection
- Crack measunng instrument _
| Contact gauge, crack gauge, eye gauge, specnal pomt clearance gauge
- Defounauon/seltlement measurmg mstrument :
E Level, theodollte mclme gauge. | '
. . Concre!e strenglh measuring instrument
o Schmidt hammer - ' '
. - High- tension bolt msp.,cnon instrument
| Torque: wrench ullrasomc flaw detector
o .Pavemcnt mcasurmg instrument
.Surf'\ce pholographmg vehlcle, proﬁle meter 3 6 m Iong ruler




Any damage found in the road mspcchon must be repasredr Bae;c requ:rements fory

rcpalr are as. follm

i)f chalr'must sansfy the strength requarcn _ _m '
Ry} '{':The repalr method must be reasonable m tp;ms of engmeenng
- 3) ol ‘ |

H T :
3) Duc consnderauon must be pald on appeararicc aﬂer Tepair,

_For the Metropohtan expressways, the repalr of rcad and brxdges lS of most '
- |mportance ’Ihe outllne is shown in 'I‘ablc 1- 6 ' o




. Table1-6 The outlinc of repair work

| Repair

- -concréte.

1 X Executed. only when orack does not directly cause -
L jdeterroratron of load catryifig capacily, for the purpose of
“irecovery of Water~proof performance and dUrabriny of

| :'“’i‘f In general' épdxy resm ls used for surface trcatment
 injection, or filling of portrons wuh crack, honcycomb
,sexposed remforcem ,

L ‘:Reiriforbch’rem-” ,_Dlrcm

_.m_crt'hod

* Methcd in whlch mtegratron with exlstmg concrete is
inade to remforce damaged membcr _ :
% Methéd, in which actual stress is reduced by
dlSpersmg stress {through increase in section using -
- corcrete,, steel plate, PC stecl member) and by .
e applying a force 0pposxte 1o acting force.

|- method

ﬁ ;"Inchrect * Method; in whrch stress is dispersed by msertmg
drfferent mcmbers (addrtronal glrders, ete.). -

Emergency
measure

.| Replacement =} ¥

Rchabili~_ |
tation, ...

S 'Relnforce- N
TR "ment

s H [mprOVE‘ ‘
ment o

Sl Corrosron
: -:'prcvenuon

ing, cutting, -
deformation,
‘1083, cOrrosi-
.onof st_ecl S
---_stfu’c;tuces,'by |
“Weélding or
bO"lﬂg Qf:'i
| new steel
U members.

_Remova] of éxistmg members and: rcplacement with new

| ¢ equivalent members, where the repair is ineffective because of

bt R E L Sexcessive détérioration or. where replacement bccausc of

. traffi¢ and location conditions, There ‘are a pamal

| _'_ﬂireplaccment and a whole replacement. -

) ‘ LB
Exgcjr_ned in:.
-case of buck-

~ling, crack- .

elc.,

)

Tempbrar_y'_" * The st"eei structuré has thin *

| support,

Replace-
_ment-of -
members -

‘plate,
' remforcc-
ment

‘ In“s{'ell\{at'ro:nj-
| of cover
|-+ removal ¢r addition of

.member

HGW'

- struclurc

Chan ge _l‘o ’

ﬂll[lCOl’l‘O-

Cleamng,_ 1.

sive COﬂllIlg_.

. members. Due attention must
be paid to prevcnt deviation of
the initial structure system

- from design conditions. (and

' thus stress concentration in
unexpected point), which is

~caused by cutting.of drilling.of
member as well as accndemal

members during when welding ||
or bolting reinforcement
.. members due considerafion
‘must be directed to variation -
~of existing g:rder under siress:
of traffic. - :

_ ]—29



levated structure runnmg over roads -

and rlvers, Ilnear and structural eomplexxty thh lot of curved secttons, hlgh utthzauon factor

o accessones lnke trafﬁe control equ:pment trafﬁe safety equ:pment, ete for smoeth and safe

.operahon of giannc trafﬁe 1t is now: eviderit that these elements have greatly affected -
mamtenanee and admmtstrahon Bssennal pomts to be taken 1nto consnderaﬂon at present and
in future coneemmg mamtenanee and admlnistrataon are desenbed below 'I‘hese pomts may .

also lead to :ncr_'::'sed_: m 'f:__;tenancf and repalr cost

i The ﬁrst pomt 1s outdated stoek In 30 years smce commencement of semce the lO» -
: i year or. more old portton has now OCCUPIEd 3% (as of Apnl 1991) of the whole of the

. _Metropohtan expressways Outdated stoek_causes merease m mamtenanee and mspeeuon; :

work cost; wnth mdmdual Jobs growmg ln scale and’ reqmrmg more and more care.’
Moreover, growmg outdated stock as hme passes by makes re: coatmg, re-pavement and ‘

* other repalrs necessary 1n ,f: A L LS SR i S

mcreasmg degree

The Metropohtan expressways eompnses vanous components wnth dtfferent durab;llty :

For example road markmgs are erased within one year while expansmn jomts and pavement

requ:re replacement m approxnmately ten years G:rders are expected to have durabxltty of -

30- 70 years wlnle paers and. t‘oundat:en p:les much’ tonger durabthty Consequently the

: currently apphed mamtenanee and admmlstratzon are. w:de rangmg, meludmg not only

cleaning, but also vanous mspecuons bott replacement eoatlng repair, repatr of dramage f

' faetl:tnes repatr ot‘ pavement repalr of expansion joints, and other jObS related to lxghtmg,

- electrical and telecommunication fac:lmes Concurrently the job amount is growmg Now

the time - lS approachmg for repalr of struetures themselves such as partlal replacement of‘ _: _-
concrete ﬂoor alabs, partial remforeement ot‘ gtrders etc. In future tlns type of repalr wﬂl ‘

surely mcrease stead:ly
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I‘actors responsrble fer accelerated delerioration: of roads include- trafﬁc volume far-

- _,_exeeedmg the nmnal esumale; larger srze vehrcles, increased overloarl vehicles, elc, As a.

| :;.result fatrgue and wear of roads are mnch heavrer than expected from the age, with

. cumulatwe mcreaSe in dl:rabrlrty mamtenance and repalr costs Reznforcement of floor slabs

and glrders has tnade necessary because unllzatron exceeded grcatly the rmtral expeelallon
. For examp]e, vehrcles have beeome 50 large that, the uutlal floor slab design- standard has
:.;becomes msufﬁcsent and - floor slabs have to be reinforced to ‘meet the presenl desngn

; S{aﬂdﬂfd»

_ Nat,ural envrronment is also responsrble for. aeceleratmg deterroratron Air pellunon

;promote detenoralron of concrete and coastal roads are expected suffer salb damage, with

| mcreased repa.lr frequency S

_ The second pomt is that lhe Merropolrtan expressways are equipped wrth mtrrcate and ':
sophistrealed aecessorres to execule road admrmstratron ‘These accessorres require high level

| knowledge and technology wnh mereased cost, It is also necessar_v to take balance of

: tecbnologrcal development of equlpment between old and new routes. Replacement work thus

| requrred causes further increase in working days and expendrtures

The thrrd pomt is the envrronmental control measure and dlsaster preventwe measure,

The Metropolltan expressways comprlses maunly elevated -section built in the heavrly

populated urban area, thereby presenting envrronmental problems such as noise vibration,

exhaust gas, lnndranee sunshlne, radro wave dlsturbanee ete. And the well considered -

' counteracuon fo these problems is lhe most 1mporlant subject in planning, cons{ruction, and
management of the Metropolnan expressways For: example, more and more norse barriers

'have come {0 be mslalled in response to demand from inhabitan¢ along lhe route, resulung
in mcreased marntenance ‘and reparr costs.. Another examples are the 1mprovemenl of girder

‘ 'fall preventwe equrpment to meet earthquake ‘condition and mstallatron of water spray o

prevent drsaster inside tunnels

'l“he fourth poml is a state makmg effective maintenance and reparr job impossible. The
Melropolltan expressways have two lanes on one side and the maintenance and’ reparr have

_ ‘to be made durmg mght lnne bccause ol hcavy uafﬁc volume ()n the other hand any job



accompanymg large noise has to bo avo:dcd durmg m;dnlghl greally lumtmg the ume‘? |
‘avallab!e for JOb Besrdes, the possrb: ity of realrzmg effecuve combmauon of* vanous kmds |
-:of jObS (c g, _]ob wrth iarge no1se and lhat wrth small ﬂorse) lS ]m‘uted makmg thc job
_-“mefﬁcwnl These also coninbute to pushmg up costs ? R O S E LT LSt

The ﬁﬂh pomt is the soaring personnel expense becau::e of shortage i)f manpower, new_ :
‘-mvestment for mechamzatlon of the work to offset above shortage and accompanymg _

mamtenance and repalr costs. These may be expected newly in the fulure agmg socréty

Finally, there may be a problem of - contro]lmg vast mformatmn cmceming roads
aNamely, itis 1mportant to clasSIfy past Tépair frequency, repalr Ume repalr cost and ground"
condtuons for future reference to ensiire proper rcparr plannmg and reasoriable execuhon |
For llus purpose, a computer has been mirodueed since 1981 and the detail w1ll be mentzoned |



Inspeetlon and Mamtenance Work of the Expressway and Raprd-
Trarislt Authorrty of Tharland _ :

'Ihe Fxpressway and Raprd Transit Aulhor xty of Thatland (FTA) is rcsponsrble for

- planmng, sludy, desrgn construcuon and operattoﬂ of the expressway system in ’I‘lranland '

Up to now, ETA has camed out the conslrucnon of the expressway systern in Bangkok _

: =_:namely Chalerm Maha Nakorn Expressway, consrstmg of three secuons ‘which are the Dm .

" Deang-Port sectron 89 km), the Bang Na Porl sectron 1. 9 km), and the. Dao Khanong Port -
E sectron (IO 3 km} as shown irr Frg 2. 1 The ﬂrst lwo sections have been opened to traff' ic
‘for ten. years (October 29 1981) and nine years (Ianuary 17, 1983) respectwely, whrle the
Dio Khanong—Port ‘section rncludrng a long span cable slayed brrdge named lhe Rama IX
Bndge, was opened to pub]rc use - on December 5 1987 in order to commemorate Hrs_

Majesty the Klng s 60lh Brrlhday Anmversary

_ . The expressway system is. the most 1mportant lmks connectmg business districts of
o Bangkok each other and it also serves at lhe artery oonneeung Bangkok wrth the rest of the
: 'country including: the mcreasmg mdustnalrzmg eastern Seaboard The total length of the
~ expressway in service is 27 1 km at the present wrth a traffic volume mcreasmg from
' approxrmately 9. 29 mrllnou vehrclcs/year in 1982 to 104.19 million velrroles/year in 1990
-(Scc Table 2- l) The traffic volume showed an mcrease by approxrmately 11 times for about

'_3 folcl rncrease of the length in. servrce

: .; The trafﬁc volume per km hss mcreasecl by approxrmately 4 times from t ,050, (}0{) '
: velncles/kmlyear in 1982 to 4,200,000 - vehrclesfkmfyear in 1990 and it is stlll Leepmg the

-r'ﬂe of growlh ’I‘he percentage of large trucks is around 9% in 1988.
Mamienance work on the e*cpressway system is sull in an early slage as the system

is‘only ten years old. However lhe mamlenanoe will gradually become a major concern of

i -_lhe HA as the syslom gets older u Carrres more than 300, 000 vehicles per day. If ure b |
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cxpressway syslem falls o funchon the ennre economy of I‘halland would sufi‘er a tcrrible' '
setback. The proper mamteuianee of the expressway system IS and will be of vual lmportance

to Thaj Iand

2.2 S_Lrugu_lre Type QL.E..L]A o

Structures of the expressway system in. Bangkok are mamiy ciass:f' ed mto the next

two types

Iy The Rama X Bndge scchen (steel g'fder)l R L

-'Typc of bndge : ':
Span Ien_g_th

Bndgc length Jelium ST e
© Width of bridge 31 m 33m PN
(Jradrem o ; Sb%‘ ) e
Crossfall - -:,25%“... o Al
Nawgahon c!earance through the mam span " 41 "m

The- de31gn criteria of the cable—stayed brldge is based on. the German Standards ] |
(DIN') The basic standards apphecl to thls de31gn are DIN 1072 DIN 1073 DIN
1079, DIN z075 DIN 4101 DIN 41[4 and DIN 4119 L R

2) - Other sechons except The Rama IX Bndge ( eoncrele g:rder ) 'I‘he most typlcaj
' expressway structures are shown m Flg 2 2 As shown in this figure The Dbasic -
demgn consists of a 20 m- span constructed. from pre lensroned I beams thh m s:tu
cross ‘beams af either end conslrucled w:thm (he depth of thc longltudmal beams ’

These cross beam rest on rubber lfearmgs wlnch m turn are carmd on. d:serete
columns. The joint between the spans are watcrproofed by deck ﬂashmg, ‘wuh a '

second lme of defence over eo!unms in an altempt to avold uns;ghtly s(ammg The
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The primary chign speCifijcatiOtis for the er_;prcssway's_ are ;_rs,rgl:ows_;.' .

XA Poilcy on Desngn of Urban Htghway and Artertal Streets, AAS‘HTO
* Standard Spectf“ caltons fo: nghway Brrdgcs, AASHTO :

2.3 Ma{_ﬁtcﬁance and Admip_’i&trarioﬁ; o_rgan'e;at"i'on' I

'Ihe current mamtenance work of Ir,TA is dtvtded mto the responsubtllty of two
dmsrons, the Expressway Mamtextance Drvrston and the Equrpment Mamtenance Dmsron |
- under the Expressway Management Department 'I‘he Expressway Malntenance Drwsron is -
responsnble for the mamtenance work - of expressway structure a.nd eleanmg whlle the a
'Eqmpment Mamtenance Dtvrston is respons:ble for- mamtenance of eleetrtc and electromc
'eqmpment ‘such as electric itght toll b00th operatton system etc artd eIectrrc power foi

| the expressway The orgamzauon chart of FTA i shown in Flgure 2 3

The matntcnance of expressway structure takes a bulk of mamtenanee work and the -

- work i is separated into two parts;. brtdge mamtenance and roadway mamtenance as rltustrated L

in Figure 2.4, However the: Rrght of Way Mamtenance (General Property Mamtenance) is o

mcluded in the Bxpressway Mamtenance Division. .

2.4 Maintenance and Repair_Cost’

| Por the budget request, the Expressway Matntenance Dmsron prepares an mspectlon . '
and repair work ptan The budget is drwded into 3 parts, mspectton force account repalr
and contract repa;r The budget for mspectron and force account repalr are Itkely to. be :
increased by 0% annually while the! contract. repalr budget is based on. the actual plan In .
the case of the Rama 1X Brrdge Whlch is four years old, no major damage has occurred
;except pavement repair. Thcrefore, llS malntenance budget has been mcluded in the budget'
of the Expressway Maintenance Division die to the small amount, The budget allocatcd forfzf"‘;" .
the Expressway Mamlenance Dwrsron since 1982 and its breakdown are shown in Table 2 -2

and 2- ’%

26"
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The Expressway Mamtenance Dmsron is. responslble for the mspectmn and repa:r of
| the expressway Since the expressveay is a fnew concept of transportauon in- Tharland ETA
has requested the Japanese Govemment lo send experts under a cooperatron of the Japan
Intemattona} Coogeratlon Agency (J ICA) to assnst in formulatmg a mamtenance system, JICA
'has sent a series of experts to assist the Fxpressway Maintenance Dwrsron and several repotts
| and manuais for rmaintenance work of expressway havc been preparcd by JICA experts.

Follewmg the study resulls by a close eollaboratlon of JICA expests and BTA staff
N ':a mamtenance work p1an was set up compns:ng of mspecnon and repalr work as descnbed

| _‘ below

1) . ) Inspectlon ;I o R _ |
o :'f'i_There are three kmds ef mspectlon such as routme mspecuon penodlc mspecuon and'
N special. mspectton R A _ : o
- munne l_nspectlon, ' ”fdally mspectron by eyes or SImpie equnpment
- peri'od_ic 'i:ns'pectioh;- regular-inspection for a specrﬁed time perlod which
o . _ | may need special equrpmems m some cases
- s'*pe'c'ial_'iﬂsp'f':ction;- : to supplement the routme mspectlon and the periodic
| | mspect:on or m case of emergency such as accndent or
_ 'dlsasler
The mspectlon 1tems for the expressway and the Rama lX Bndge are categorued into

the followmg 11 and 17 items respectwely

theRama IX Bndge e , :: - - the eXpre$sWay-

L :Grrder (inside) 1 General condition
_‘_Gl_r_c:!e.r_,(‘ou.tsyt_l_e_.) L - © Shoulder and drainage
Pylon (inside) Building
Pylon (outside) Sanitary

) Cables Metal works

| Pcndel cable Painting

f_Bearmg, pcnd l'and wmd snoe n - Toll boollx

B R BN

: I)ramage system o pransnon Jomt '



9, l,xpansmn]omt R L 9 Paifcinent

" 13 Llﬂ

The repa:r “wark can be clasmﬁed into 2 catcgones_, forcc account«repalr and -

L site mspectlon

10 Dampcr o EEE 10 Road markmg
| _li Mamlen'mce g'mtry T ll Expressway structure
'”'14 Pcrm'mcnt mslrumcm R

Cois, PICF and abutmcnt
' 16 Concrete dcck
‘;'17 Pavement o

Repalr ST N

‘ conlract YepAir, l“orce account reparr is for 31mpie repatr works or emergency work
such as pavemcnt puchmg, pamtmg, ele. On lhe other hand contract repalr is for the
jObS whlch are beyond the capab:hty of E’I‘A or non emergency work such as asphalt
pawng, road markmg, guardrall mstalfatxon, etc '. N .
. ,The procedure for force account—repa:r as follows, e v

. damage report to ofﬁce

- ‘repamng conslderauon by cngmeer -

éssagnmem to responsxbrhly unit ( :f 11 is not over ihe capabxhty )'

- record lo the repalr book

- reparr

- monitoring’

- repon to ofﬁce mcludmg actual cost calculauon A

All the above proccsses are recorded in the folIowmg form wluch |s an expenmemal;'

form since 1986

'Accordmg 0 tbc repalr cxpcnments of I‘TA u was feund that struclnres of the . .

CXPIessway, whlch frequenny required lhe rcpatrmg, are asphalt pavcmem of at- gradc" '

section and cxpansnon joint. lhmc are 2 Sccuons of roadwa‘

2

lhat wcre constructed'.f N



The Expressway and Rapld Transit
Authority of Thalland

 REFAIR  SHEET -

Exporimentloel

07/00/80

No.

R R N B B}

(TQ}NSEA&IO&)

(:)Eleetronlcs _ (:)Uater & Sanltary
;(:) Eicttric, Power(:)Bulldlng
; (:)Hechanlcs" (:)Pavcmcnt

s

------

(:)Concrete

(:)HcLal be S!gn Seéc,

Div.. oo v

e bR e

Far-

PR N I IR

EERE B A

'l.kepalr Oder ) _ _ beseription of:bhmager.}.}{.f ..... BT
Rcceiv{ng Date..;/,}u/J..T!me.u}.f. ... B g PR BN
“Startling Date.../;../}.} Time. ... .. e T D A
: Haterlal a;.if{;;?.r;.1}..L@;€. v ....,......‘ L
Ve e A SRR I IR I Repalr Hethod .- A I -
Now viveivn ey A T ey ey Ch e h e e e e e e
';:Locét!bn‘1r;,;dgf<...s{....L. e _;} Fhate v s B
' . dde}ed‘by T
“QJJEgEélL:T” _ _ : Name Signature Posftton
ethany e R T T e e
‘ﬁEv]ééhéélL ..... .;.:No e :én':; ...... i P ;. R
: E%A s ' D BT T B S A P
;ﬁoyklﬁg' ....... Hours P O e Ceanae N
e SRR e e

. ﬁepéif Note_}\.....,,;(:.

L R BN

4, Repalr Time _
Starting Date .../:../:"

Tme. ..

e e e PRI Fintshing Date .../c../... Tlme......
S e e e e Qe .
5, Remnrhs (Ach: Complcte) < Rormal 6, Be Noliced of Repalv by’
' Othexs e e el e Slgnature " ...o.o.. .. e e
APEN ..;;;.f.;;.f...;.q. Pl e e Lo a Ce e
POEILION (ovrvnrrrainner cnidoei/

=



“Gummery of Cost

7.1 Moterldl ‘Cost

. 7.2 Lanﬁ_qqst.
7.3 Others

,Hﬂgmgfkgﬁ

f:DeltﬁlI$ 5ﬂ

Deltelis on

peltails on

Ll Dértails on.

Ehe

Lhe

YEhe

the

bagk,
“back.

jéack

beck,

8. 1ﬁspectiQn‘NGPQm.'

PEP R RS R B IR

Inspector ..:,

U(;,;.

Pogitlon . ...

e oa Sy elne

Vor

9 Approve.

A

e

,,SIghdLure}.q.L;;+jm{{“¢};g..

‘(.":"-' B '_.'..'-

.

:_'s¢cp,ichfef;g;;.,;‘..,Q:{g_ o

7.1 Metertsl Cost

Mo .l

Item

S Amount
o A f..'

_Unilt Cost

e -

L

i

4

5. . o

6 ISR IS §

‘ e
1ol - L -
110 ' ' :
ST N N A R
b2 | S PR R
FEE D o
lad . ) o

L

PR

& ;fT;Tdtél'Amount

"L?;‘.




- 7.2 Labor Cost

Ne.l" | . P ooy Normal .Over Tim

7"_ﬂaﬁé_3:‘ Hf:‘   Bdht7:~ He, paht |. Total Remacks

{50

Total Aﬁounﬁ.

703 Othérs

" fotal Amount

: ;Reportef.-.....{;..............{..;.w.f..

Position ‘;..;;;;l},..;,..ul....... Cof i




1)

on the ground fevel: rn Khlong Toey and Bang Na As the sort condrtlon of Bangkok-_" '

is soft clay, the drffercnt settlcment of pavemcnt aud drarnage system for thcse S
scctrons arealsoa l’l!Et]OI‘ problem for mmntenance The roparr work for the Rama IX: e
' Brrdge, esccpt for the pavement of’ brldge, were mamly srmple reparrs caused by R

'accidents such as patutmg, guardrad roparrmg, etc

Dug¢ to- thc lack of equlpment and :mnpower the ms;)ectron and repair work couidj_

not be rmplemented as planned 'Ihe routme ms.peetlon can be conducted whrie the_"t
-penodlc 1nspectlon is indifficult srtuatron especnally for’ the Rama IX Bndge It needs '
o more spec;al cqu:pment and skrlled staff such as a qualrﬁed engmeer .

ifability ars

' Inspectlon Records AR ‘ _
: Due to. the tack of equtpment and manpower only the routrne msoectlon can be dc-nef '

at present For the pcnodtc mspectron nccds not only the equlpmcrtt and staff for -

L mspectlon but atso mventory system As of now, .ETA has only an mventory of{l.;'
~ expansion _|omts of expressway, thch shows the Iocanon and marntenance record cfj_:;_e
. expansron Jjoint,. ‘that was @ part of the condrttons of the construcuon contract

However ihie Roadway Mamtenance Section has _IUSl startecl 10 make an mventory '

2

_ system for thc other structures of the expressway such as beam pavement grrder -
: co!umn and etc. The inspection forms for each structure have already prepared |

: -Repalr Records _ ; :
- As the repair work is cIassrﬁed into 2 categones ; force account and contract the
| force account repair defails have been kept in Ihe repalr book. and the report form {as - |
B shown in page 2-13-15) which has no SUmMmary for the results or used budget The
'rccordmg has been started in 1986 for the Roadway Mamtenance Sectron and 1989 g |

for thc Rama IX Bridge Marntenance Section which were. kept in the cartons a each

~ scction, The repair record of the cxpressway in 1986 and 1987 were lost due to the‘i

lack of inventory system ‘
The appromnate numbers of repalr records by reps:r sheet of each sectron whrch cau pr

be loughly translatcd as numbcrs of |eparr by force account are shown below i N




©Numbéi of Repair Shect

| %cchon\Ycar ” 1988 1989 1990 1991
Road Mamtenancc - 3,'_000 2,400 j'1_,8_00 1,200
' Bn_dgc Mamlenance o ' 90 130 150

: In thc case of: contract repan", it is obllgatory for the coitractor 10 have the records
in the D;wsnon as spcc:ﬂed in the contract Howovcr, oniy major repan work can be

easrly found such as pavemont and expansnon ]OIN ropalr '

" The asphalt pavement niaintenance ‘and expansion joint repdir records dare siown

" below :

 Pavement Mainténance Record (Asphalt Concrete)

- .Chalhage  Direction - Lane No. . Repalr-Area Repair Date

. Roadway, . .
© 14559=1+639 - - DD-P
1+669-14734 . P-DD
24550 - P-DD "
5+100 ' P-DD
5+650" {P~DD
6+250 5+920 . P-DD 143
4 . P=DD - . 143605 . "
< p-DD 148605 . "

B .. 168300 . ¢

ST 52.20 "
53.90 "o
23730 - ¢
, . 349340 - . g
20+403 a+720.~. ~ DK~P - S 210000 "
CEer T DK=P - © pee7.O0 - - *

24360 . 02/01/89
61250 .. .
480 . - "
29.40 "
ests
- 1436.05 . ¢

B 104420 P~BN -
10+420 - BN-P

BRI S

el



004117204044 DK=P

. BH435-84475 - PLBN

Pavei*na"nt Méinlenang‘:‘q ﬂ'eb_olr'd _(As;p:ha_}_i;l _Cd"nc:_re:tﬁe}' (C_:_bh't)

Chamaqe _ ‘Direc_tiori;‘:'_ Lane No.

HoadWay (Cont) g R : B I
RS04 DKeR e 4165 T 02/01/89%
- = e ss00
e PeBN Eme. +1 - = 79807 0 v
‘ ' “ 73290 - "
' S .osates . Mo
L7000
. SRR i X v B I
Ly 380,000, 18J04/GE
: Loy o
CLATHEE e
CArags.
49000 v
T R

o PeBN

;2o+212~20+123, OK=P

20+014~8+4769 . . DK=P.. .
20+212-204069 - OK=<P '
20407784760 - = DK~P

. 204373-204209 - DK-P .
CBA760~8+080 T OK=P T
8477284746 - T DK-P

. 84042-104000 -+ P=BN
. 84390-8+495 P=BN
8+042-84415 . P-BN:
104000-10+083 .~ P-BN
8+495~10+083 - P-BN

Carres o
o |53 ot -
536'20 , ""1.' o

268.45 . IR

89585 . . 0 "

S M0ax0
. 33136 ok

B4435-104083 . P-BN' S B
;. 359 01 ; .___-y _":.i e

10+358~ 10+4?6:__Z-.‘_ P-BN ot
104:383~104565 ~~ P~BN 80144 v
10+563~10+799 P=BN . .- 79820
104313104863 - P-BN 2.3 70070 v
.:,-10+'476§-'10-_l-75'1' s 0t P-BN ot @uil e URBT0,07 LT I

B0 Nk GO S e GO R PO 0 60 GO | e |

Hama_lg(mlgg_lcigg o N N
C1-10BKK . Leit BKK-~THB - 503.64 - f8/04/91 .
12-15 BKK teft . BKK-THB. - - 14636 " =
16-17 BKK Left BKK-THB . ' 8058 - *
19-21 BKK Left BKK-THB - 113.04 LA
26-31 BKK : “Left BRK=-THB . - 207.86 ..
2531 BKK Left . - BKK=THB = .- 24042 = = *:. .
3-8 BKK . . Left THB-BKK = .. ‘81212 .. * |
17-18 BKK. © -~ left THB-B8KK .o4826 . ¢
20-24 BKK . - ‘j Le'ft-ﬁ T’HBH’BK_K_ 194.22 DR

‘Noie cP= Port DD = Dm Dang BN = Bang Na DK Dao Khanong .
BKK Bangkok THB = 'Ihonbun _ _ SR

Pepair Reoord of Expenslon Joint -

o lype of Jolnt Ccntractor o C_(_mlracl No Completed

_Thorma ~ TES oams 6 Jan 1985 .
Thorma LIS . 6/86 - 27 Mar 1986
Thorna Marino . 5/89 ‘12 May 1989
Thorma Marinp - 11/80 © 11 Nov 1990
Thotma - =~ Marino -~ . 1300 2b Dec 1990
Thorma = TES . . 681 4 Jul 1991

No.

[- 302, I NN

Note TES = Trallio Engmeermg System Lumled
Mario = Mano Co., Ltd o

T 2711_8 R

igaeeT e



3, 5iiispé;c£i'b'1i Systern
3.1 General

As Mr Hara, former JICA Expert o E'I‘A mcnt:oned in tiic fi nai rcport mspectlon

s classxﬁed into the followmg three types

B - Rou{me Inspectlcn _ : : . _

| Daily mspechon checkmg road condition whlle slaymg in a vehncle ’i‘hls mspecuon " :

is made’ to grasp road and trafﬁc condntxon, to know how maintenance work hias been

| "done and to dcctde whcther appropnatc measure or repair work is necded by ﬁndmg

_ malfuncuon of road and damage atar early stage In case that contmuous obsm'vauon

o is needed for the damage Wthh ‘has been found by inspection, aftention should be
- paxd 1o the damaged pomt cons;dermg 1ts naturc and mﬂuence to the third party

2) . _Penodnc Inspecuon L _ RS
. ) Regular mspecuon on foot approachmg objechve structure as close as possxble The
_ maln purpose of the penodlc mspcctlon 1s ‘to grasp the condition of the bndge and
: o Judge lhe necessny of repalr by rating the defccts which cause detenoratlon This
mspection is made for elements on which 1 rounnc mspecnon is msufﬁment and should
- be performed schemaﬂcally in the best season since it is the mspoctton for the
elements whlch routme inspection cannot cover, In addlnon havmg the quantttahve
" drstnbutlon of defects or damages mspectmn data aré to be used for sethng up rcpalr

work schcdule

O Specnal Inspcctlon .
| ’ 'Speczal mspecnon is- conducled lempomnly in order to supp!cmem routing mspechon
or pcrlodlc mspecuon and lo check nnpor[am taclors or unusual stress dlstnbuuon

whnch can not be mspectcd lhrough ordinary visual mspccuou The method is ahnosl '

- :the same as that o{ penodlc inspection.

Mr Hara also prepared mspecuon manual fo: expressways and the Rama IX Br iclge

rcspecnve,ly In addmon he proposed ihc mspccnon report forny and how fo keep thc record
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- NOTES

“INSPECTION  RECORD,

C[CI ] Record. oF  DisPosAL pLAN

[REPAIR- RECORD

- msmcnow wonx

- ' WORK RELATED ey INSPECTION

‘But, he has not mén'tioﬁed about pavement inspection.
3.2 Pavement -

The surfacc of the road should be 1nvcshgated to understand its condmon and the

_ processes and causes of damagc lo it

1}. . Rui{mg and Ravelmg :
o 'lhe followmg methods of measurmg rutting and raveling arc rccommended
(D Measurcmcm Usmg a lransversc Proﬁlometer _
L Thc proﬁiomcter s mslalled on. the surface ina ])OSllIOI] so that the meter

B stndes over uu, cxpresswa)- and moves ata rlght angle to lhc d:recuon of the



: (2).

. Profile 'reCo.r.der\

_ tmll;c lanc Ihc pro!nlc of the: surfacc 1‘3 recondcd by movmg the plof‘le

xccorde as <howu in I:g ‘32 The recorded’ piohlcs are classifi ed by'

: '<:omparmg the hmghls of- ihe celer of (hc tits "u!d the hc:ghts of lhc surfacc |
at both s:des The amount ol rs, DI and D2, are oblamcd as showu m F[g 3

3 The iarger value is definied as the rullmg dcpth of the cross-section. :The

‘avelage ol‘ Ihc measured valucs of !hc ruthng deplh is Iakcn as (hc ruttmg .

depth of the mvusngatcd SC‘CllOﬂ
Measuremem Using a Rul Mcasurmg Vehicle

* When the mvesllgauon of a long section is mvo}vcd or. whcn detalled c

' mformauon is nccessary, lmes or pomts‘ of hghl are pro;cctcd on the surface‘

proﬁie of the hnc of hghi is photographed at rcgular miervais, synchmmzedf;
. with the motion aud speed of the vehicle The nnages rccordcd on the ﬁlm are'f 5

used to mvcsugated lhc ruttad cOndmon of the expressway

=

: - ' —l P Height adjustment screw

Fig.3-2 Measurenent Using a Transverse Proftlometer



(1)~ When the highest point in the center is higher than the line conecting both

T

© Lanemark 7 " Lane mirk

(2) - When' the ﬁighesi point in-the é::shter:is_low'er‘ 'tﬁan the line c"o‘nriebting both -

o sides

Flg33 - Process of Recording Data

. 35 ;



2)

_3)

'-CIRC]\S P ‘. - ¥ , . :.‘.': ..',

: "'the p'wcmcn[ and for dctcrmmmg the nmmg, mcthod, and tluckncss of cwcrlay
and/or rcplacmg the damagcd arca 'lhc mc(hods of mcasurmg cracks mcludc those
- us:ng skcichcs and (hat of | usmg a crack mcasurmg vehiclc | ‘

1y ,'"Skctch Mcasurcmcms .

:Thc road surface is dwndcd info grlds wuh slzcs of 0. SmXO Sm, and skctchcs
o -of the condmons of cracks are. madc for cach trafﬂ lane I‘hc compu(atlon 0f
R -thc crackmg ratlo is conductcd usmg thc fcliowmg formula RN
Crackmg ralig= {(Cr—! P)/A}XIOO (%) - BRI
- whcrc Cr ~—= Sum of gr;ddcd surface areas havmg cracks (m2)
o . 'lhc surfacc area is to be 0 15 m2 pcr gnd ifonc crack cxnsts
_ ~ inthe gnd and 0, 25 m2 pcr gnd i more than one crack cxlst
P Patched area (mz) G |
t A = Total area of thc mvcsugauon (m2) |

(2) Measurcment Usmg Crack Measunng Vchiclc

thn thc 1nvestlgat|on or a long sccuon s, mvolvcd or- when dctatlcd_' e

o mformatlon 1s negessary,’ a vehlclc cqmppcd w1th a dcwcc for- takmg pictures
~ and a hghtmg dcvnce is used lo take contmuous plcturcs of thc surfacc of the_ )
cxpressway Thc speeci of the. film: fccdcr and thc lighlmg dcvnce are :
synchronized to the spccd of the vehlcPc ' R

Roughncss and’ Corruganon in thc Longltudmal Dlrcctlon - . :
Rcughncss and ccrrugancn i the longiludmal d:rcctlon of thc road arg mcasurcd K
using a lcngltudtnal proﬁlomelcr or a longitudinal roughncss mcasurmg ve}nclc e
(l). Measurcment Using a Longltudmal Proﬁlcmctcr .
The longitudinal proﬁlomctcr is manually drawn over thc rozi'_d,‘ as shown in - "

Fig.3-4, to record the rouglm_css of lhccroagd surface.

36 i



Jm : ;
~__~Recorder fixed in the center

Y

Mcasurtng wheel ~ Movihg wheels

" Fig.3-4 Longitudinal Profilomeéter

The measurement 1s conducted anng the ruttmg lme in the lane wrth the results of
the measurement bemg read every 1 5m The standard devratron of these values is taken as

thie value of the longrtudmal roughness

@

-iMeasurcment Usmg a Longrtudmal Roughness Mcasurmg Vehrcle ; _
| ;When the mvestrgatron of a loiig sectron 1s mvolved or detalled mformatron '

is necessary, a longrtudmal roughness measurmg vehrcle is used, Two types
of the veh1cle are avarlable a contact measurmg velucle with a ﬁfth wheel, -

and a non -contact: measunng vehrcte usmg a laser beam The front and rear

whecls of the former vehtcte correspond to the movmg whegls of the
o longltudtnal prof“ lometer and the ﬁfth wheel whrch corresponds 10 the
“ _ rmeasurmg wheel of the proﬂlometer deals wrth recordrng the 1rregulantres
o "._'of the. expressway The latter vehrcle is equrpped with a non- contact -type laser |
' drsplacement meter m a posrtlon whrch corresponds to that of the moving and
o rncasur;ng ‘wheels; in order to record the roughness of the expressway surface.
-The recorded data is processed srmtlarly to that obtamed by the longrtudmal o

- proﬁlometer

- Faultlng _
| I“aulting is measured at the deepest pomt or at three drfferent pomts in one lane, wrttr
o 'the maxrmum value D(mm), taken as the fault value, as shown in I‘rg 3-5. The

lenoth of the lcvehng cord- should be- 15 m for expressways

Le\elmg cord’ wrth a length of -
la m for expressways

I«tg ’% “> Method ot‘ Mcasurtng Faultmg




Pavcmenl mspcouon onh (he cxpncssway as moniaoncd abovo wﬂi causo trafﬁq
congoshon because of a lane closure In such a caso, ll |s des:rable to mspect by takmg

plciurcs from the. movmg mspecuon vahicle Iﬂg 3 6: shows one model ol‘ lh:s kmd of

mspccuon vchlcle.

sliv- camerp_. )

CCD camcra

"._"' : l{igh ~speed
: progessor | -

| Measurémeny for Ciagking o

X ~Y .b'foi'l.er,., L
TP

Driver, o

T TR 7
Ny S ICRM ¥ :ﬂi‘g'i:'ig;ge‘e‘_q__‘_g;'é._'&s'sgg. '
Remaote. ' — & RS pares B :
:eom_r_bue: T N A 0 g

: Mcasurcrﬁpﬁ_t'.for :_R"\-n_l'ing o

Flg 3 6 Movmg Inspectton Vehlclo

_I‘h;s syslcm has varlous kmds of fealures as follow3' -

: * L Rutung, crackmg, and roughness are measured snnul(aneous]y, and 311 data:
| for one lane rs recorded in a smgle run., ' B L
kA non- contact specdo:ncter prowdes presnce sysiem comrol and !ngh Speed':-"""

measurcmcm _ ‘ .- - .- . _ iy ..
*:. C Akt mcasurcments are conlrollcd by a smgle Spcedomcter so m at o oor dmaie "

‘_ _dan for all three charactcnsucs can be obained. o Gl
* An on board video camera rocords mlleposts and other maergs ol lhe road
shouldcr for delccuon and ldenuﬁcatlon of slruclumf d;ffercnces in the. road

* Measurcmenm can be rcvrowcd unmcdra!cly, usmg (hc TV monuor and X Y" -

plotter installed on board -
*  Measurements can be made up 0 @ spced of 80 km/hr so (hat 1raff“ c ﬂowt

' 'remmds unobstruaed




It is desnrable to inspect pavcment cond:tion in 4 manner as mentloned above onge & year

- 1and to evaluate theim quanhtalwely .

33 N - |
| Non dcstructlve testmg is to tnvesugate the internal dcfect
its extcnt and condmon wnthout breaklng Thc purposes of non destrucuve teslmg are quahty

control quallty evaluation and mamtenance mspcctlon and the proccdure of non destructive

"lestmg is as follows

[ Tosuppose kind : of defectandoccurence area in the material

| o select appropriate test:method and test condition

“To measure - "

To estimate existance of defect and its éxtént

‘To make 2 judgement on the degree of herm -




Non destructive testing is classified as in

= deteotion —f afea

Cobdefeet |

Non - —internal

destrictive . w—-m

festing

_ point’ o
A measurementy -

- of strain

distribu- -

tion

pat

certain . i -

-S[IféSS e

Rig.3-7.

mspechou '_ '

[~ hqmd penelrant test
R elcctromagnctw
lnduct;on st '

R elcctrtc rcmslancﬁ
test :
radsat:on penetra test

= mechanical method

| : X-ray stress _
- -measunng method

- ”"_'photoelasuc method
"'bnttle coaimg .
moire’ method

B ~copper gilding method A

‘ Flg 3-7 Classmcatwn of Non Destruclwe Teslmg

Radlauon penetra test

D

. r-magncuc pamclc R A

"ultras_o_mp waye_tcj,st ST

electncalmethod g

Radnoacuve rays. such as X- "Rys, r-rays- and so on have the charactenstlcs t0
penetrate an object and it 13 caﬂed radaauon peneira lesi 0 mspect the mtemal

_ condition of object usmg lh;s characlcrrsncs
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: -Radlanon penelra tesl is appropnate for detectmg mtemal dcfect and apphcablc to all

. _i'matenals It is posmble to conﬁrm drrectly thc shape of dcfect and casy to detect even

- small defect Furthermore, :t is poss;ble to kcep the record in prctures, but necessary
o to pay attcntnon m handllﬁg thf:m becausc of lll effccts to the human body

| -Ultrasomc Wave 'I‘est _
" Ultrasomc wave has thc charactenstlcs to propagatc mto the object and to reﬂect at

internal condmon of ob}ect usmg this kmd of charactensllcs If u]trasomc wave is
transmltted into the cbject the probe will also receive echo in case of existence of -

defect Echo reﬂects the size and shape of defect, and it is measured on the screen .
to know thc Velocny of pulsc—echo applied on the atrcady—known distance’ and the

| i mtensrty There are two types of transmmsron such as vcrtlcal and dtagonal otie,

‘\_':er”tical. type . ~ diagonal type
' Fig.3+9 Two ';Types of 'I‘ransmiss_ion in Ultrasonic Wave Test

_Ultrasomc wave test is appropnate for dctectmg internal defect and apphcable
to. all kmds of matenals, but it is requ:red a lot of cxpcncnccs to make

Judgement _tlrrorlgl\ m_e_asuremcn_t of echo.




_Magnctm Par UC]C ]nspcc[:on o _ . e
' When the lmtal such as :ron mckcl elc has magnehmuon hncs of magnctlc flux
ear (hc surface Tt :s callcd_ |

_arc dlsturbcd by thc dvl‘ect thal exnsts on the surfacc or

"‘magnetw parhcic mspéctaon to ﬁnd dcfccl usmg lhlS charactensncs When the test

:pwcc is placed in the magncuc field thai coil and magnchc matenal form as a resul

of bemg mduwd by cunenl lhrough them, the test plcce IS magnclt?ed the
dlsturban(:e m hnes of magnehc ﬂux arlse and ir 1s easy lo ﬁnd dct‘ect bccause this

magnehc fiux tcakage wn!l cause lhe adsorptlon of magnetrc powder and make

: "'}nmgncnc powder layers
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This tcsl is appzopnalc for find:ng defcct on thc surfacc and of the part Just bcneath'ﬂ

it, but: lt is apphcqble only (o magnctlc mater:a! such as nrou elc By {lus test it is.

: poss:ble lo seé. dlrcctly lhe size. and shapc of defcct cxccpt tIiat of along depth

dIICCtIOIl and not posslble to fi nd scatlcrcd defects :

quuid Pcnctrant "[est . s
A hqu:d has the characlcr;stws to penctrate mto cracks and gaps (caplllanty), and 1t _

3 _'1s ca[led hquld pcnctrant test to find defcct sucli as crack elc. on the surface of ob;ect :

o usmg this charactensncs

After a speclal llquld (penetrant) is penetrated 1ni0 the surface of objeet and the -

_ penctrant on the surface is’ removed the penetrant wﬂl remam in the defect such as

crack “efe, By addmg developer tc the penetrant the penetrant is sucked out and

: dlffused and defect is easnly found w1th the frmge pauern commg up to. the surface
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Tlns test i apphcablc to a nonmetal but ot appropnatc for the. matcrral absorbmg S
- waler and the porchs matenal It is . possrble to find only the opcn “defect on lhc'
: surfacc and to see dli’CCHy the s:?c and shape of dcfect but not p()ssrble to know thc: s
size and shapc of dcfcct alcng dcplh dlrccuon ' o S

S) R Flcclromagnctlc Induction. Test. _
CIf the con runnmg altcrnatmg currenl approaches lhe test piece such as. 1r0n clc b
'currenl (eddy current) w:ll bc mduccd in thc test piecc due o the clectromagneuc L
rnducuon thcory It is called elec!rcmagncuc mduction test to find dcf‘ect wuh tlns

_change of eddy current.

| The cddy current mduced by approachmg the coil runnmg altematmg current will -
, change dependmg on the exlstence of defect and the shape of conductor ThlS cddy o
current affects the change of currcnt runmng ln the coil and l( is poss:ble to ﬁnd '

defect by mcasurmg the current runnmg m the coil

ColL

0-- :
 ALTERNATING
CURRENT

ALTERNATING
CURRENT

A x_,?;,,-_w' " ooy CURRENT
WL CHANGE

OEFECTIVE  TEST PIECE .~ /

TESY PIECE

If the eddy current change, the R
current running in the coil will

~also ¢h'apg;c_._

Fig.3-12 : Eleclrcniagnctic_}Ih{;lrgc't.idn Test |




: Th:s test IS appropriate for finding defect on the surface and of the parl just beneath
it, and it IS possd)le {o gcl the informatioh ‘such as defect depth. Fhas test is applicable
“only to conduclor and in gencral 1t is possnble to test without touchmg matcnal wilh

. hlgh speed

4

7) 

"'8)

9):

'-I*lectnc Resnstance Test. _
-Thls is the test inethiod. to use the characlcnsucs lhat the impedance between any two
_ pomts in thc melal w:ll changc wnth the exm(encc of defect between those pomts This

| _test is appropnate for fmdmg defect on the surface and of the part juSl beneath n and

it 1s possmle to gel- the’ mformanon such as defect deplh Test method is qune easy

Cand apphcable to repeat at the saine pomt

_;_Test usmg Infrared Rays e : _
;'I‘hls is the method to measure thermal dlsmbuhon by mfrarcd photography usmg thc '
s 'charactenstlcs that the thermql d1str|but10n of object w:li change due to the exxstence

of defect or struclure of the objccl

| ’I‘est Usmg Mlcrowavc
1 the mlcrowave (frequency is ranging: from 300MHZ to 3000GHZ) is radnated to the

materlal such as plastlc ete., it reflects itself at the point of defect and the

dlscontmuous phase of the internal part and 1t is the melhod of test to find defcct

using: this characteristics. -

Test, Usmg Acoustlc Emlssmn

'It 1s called acousuc emlssmn phcnomena that thc elasnc wavc such as ultrasomc E
wave etc anses when lhe :,xternal force is apphed to the melal and thc metal is
' dcformed plasmlcally In lhlS test, (hc occurrence of crack and its size in the’ test

'piece under the cxtcrnal force is detectcd by measurmg thm elasnc wave,

s
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Fvaluatlon and Repair System

. :':Gcneral ' . _ |
The Rama IX Brldge ls a smgle plane cable-stayed bridgo constructed at Watsai, ‘

 wherg the 10.3 km Dao Kanong-Port sectlon a part of the 271 km l~1rst Stage:l‘ 3

‘D‘preSSWay Syslem m Bangkok crosses over the 500 m w1de Chao Phraya Rwer

The rcqulrement for nawgatlon passage are that plers are not to be exlended mto N
- water deeper than2 b w fowest-low water level and verucal clearancc throughdut :

_the mam span is to'be' I m above hlghest hlgh water level (See Flg 4- 1)

_The deszgn cnterla of lhe cable-slayed bndge 1s based on the German Standards
3 (DIN) “The basic standafds'applled to this deSIgn are enumerated below. Other related
'standards regulatlons and instructlons are taken mto consnderatlon accordmg to me o

' ﬁeld of appllcatlon ;

'DI_N"IO'?? Road and Foot B Edge (De51gn Loads) SR _
- _ Prmmpal loads (Dead loads, Pre- =slressing, Trafﬁc deSlgn loads, Stresses set-

- upby probable ground movemem ete. )
- : Addnlonal loads ('Temperalure efl'ects Wind loads, Brakmg load etc)
. _ : j_SpeCIal loads _ : ‘
" DIN l';07;3 .,Steel Road Bndge (Bases of Deslgn)
R ._ é,Mater:als ‘ ' '

- Principles for calculallon

: - _DeSIgn loads _
- Proofs reqmred :
i:‘for cerlam types of slruelure and paris

b Speolal feature

o ' Allowable stresses \ , o

_ l)_lNQlOT_Q __Steel Road Brldges (Conslructaon Prmc:ples)l o
“DIN [075 - -Concrele Bl‘ld 'es o C
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o ;DIN" 4101+  Welded: Stéial Koad Bridges "(Dc'sign' and Structural _D_et.ails‘)‘ -
" DIN 41 1_4 Steel S(ructures (Slalnllty Bucklmg, Overturmng) _
D}N 4119 Bulldmg in German earlhquake areas (Gmde to DIII‘IChSlOilmg and Lxecutlon) Z

- Mamals of supcrstruclure are sclected accordmg {o spacnﬁcatlons of DIN 1073 Steel :

: Road Bndgts (Bases of Demgn) Slcel for brndge and pylon structure
: sf,sss' .(Dm l'ilO(]—General SIru_ct'ur_al stecis: Qualily speciﬁca_tions) .

‘Steel for less lmportant structure (Handrails, guardrall gte.): .
St:m (DIN 17100)

7i‘."‘-7 T L I :" .

‘ Cast stcelfarcable stay head Lo L
GSSI (DIN 1681 Cast steel for gencral apphcauon Quahty spwﬁcauons)

ngh slrengﬁl steel prcrstressmg bar anchormg pylon base to pier caps |
Stliﬂf 125 Dla 32mm (Dywidag or Peme) '

Allwable stresses of structural stce! follow Table 5 in Chap 8 of I)IN 1073 (Steel_ |

';-road bndges-bases of desngn)

st37  Ss1%2
H - HZ H HZ
Axral tensica and _ - _ _ S _ ‘ ‘
| Cpending tension 1600 1800 2400 . 2A0
o | Ax:al compression and ' R FE - | ' ‘ o
*bending ccmpression S 1400 C 1600 . 2100 240

unit : Kglem?

e wherc H means loadmg case of sum of prmcnpal loads (Hauptlasten) and HZ means loadmg '

- case of sum of prmcnpal and addmonal loads (z.nsaulasten)



_ Allowablc stresscs iri weld follow tablc 2 Chap 4 of DIN 4101 and allowablc
'_ strcsscs ol locked conl cablc follow Chap 6: 5 of DIN 107’3 : ' ST LA

oo
W7o

I

where H meaiis allowable stress of a cable in tho loadmg ¢ase H and H! mcans allowable = s .

stress of a cable i in tho loadlng caso HZ, and BN means nomihal sfrchgth of wnres of cable

_ The mam socuon of the brldge déck'i ns a three—cell steel box glrder 21 8 m w;de and o
'4 m deep at the ccnter In the anchor spans the wndth of the bndge deck mcreases from 31
S 033 min order o pass the pylons with sufﬁcnent clearance The longltudmal stlffemng" o
of the bndgo deck is generally by U- shapcd rlbs welded to the msndes of thc plates In lhe',‘= 8

jmam span 4 slopmg web extends from the basc of the: box gtrder o tlie outer edge of” the

! 5 6.m dexk panels to form the aerod)'mmlcally streamlmed shapo

|

l‘ he 78 m high pylons pass ‘hl'ough the bndgo deok w:thout structural connectaon Tho S

“pylons hawe flared bases which are heid down on the 6 m th:ck caps at the heads of the pylon'
| ‘plers by long tonsmned h:gh strenglh bars The four hlgh yleld steel: platcs Wthh consulute- :
the base section are 100'mm thick. The th1cknessof the platcs reduces- with helght_lo i5and

20 mm a: the pylon top..

bl



- 4000

460015600

46005600

i vamigsis |

‘ e e

|6500 AR A

PR,

L

WO

, 3500 ., 3500 , 3800 2000, l

T T T

- 'U\ﬂx' UUUU\W TOOUY O RVALA T

:?V'~-'i d 4 ,:-ié 

ttatals

A A ALk Ao sh 0 0000

- CROSS SECTION IN MAIN SPAN.

_Fig,f}-g- ~ Main girder cross scctions

s



2)

~The bridge (leszgn whlch was underlaken belween 1980 and 1981 drcw hea
g Dr Hombcrg 5 previous welI known cable—s(ayed bndges, and i particu}ar on the '
: l ncdr:ch Ebert Brldge m Boon of. Wthl il is in ntany respects a tll“lgillﬁk,d versmn

. ._'rcusiance to fahgue and corrosron they |
Calso well Lnown fact lhat lockcd coﬂ cables hive, 50 ca!led long fime: creep and -

struclural eiongatlon and it is necessary to check bndge proﬁle for a certam penod

Bnclge Profile

Sy

As it is a well known faci lhat heavy struciures lcnd to sink i m the Bangkok a:ca the' -

~design’ allowed for relaiwe selllcmem of the pylon plers of up 10 20 o and Hp 16 2.5
em of the anchor span piers. Greater settlement can be accommodatcd b)f adjuslmeni
~of the specnal rocker supports which connecl the piers {0 the bndge deck I‘here are
.-currently lwo methods of makmg prefabrlcated large cables. The - mdmdual high_ |

El strength cold drawn steel wures are elther colled splrally durmg manufacture (loeke{i |

4 cail cablcs) or they are samply latd stra:ght snde by sideina plasuo tube (paraliel w1re
: ,cables) At (he time the detaxl desngn was’ bemg undertaken the mamtfacture of'ﬁ‘ﬁ_

‘ ::fsm!ably large dlameter of Iocked 001[ cables. became feasublc at Iowcr cost than
R parallel wlre cables As Ioeked coxl cable he _e'a beller track record m terms of ‘

're_ ad__pcd for the ﬁnal de51gn But itis S

© . - Bridge proﬁ_le has been checked thtee t.ime_‘slsince:t_hc. completion of erection work.

o Thc first survey { Sepiémbef 21, 1987)

It was camed out jllSt aﬂer the brxdge olosmg. -
Fhe second suwey { Novembc*r 14 1987 )
I was conducled after the pavement ﬁmsh

% The tlnrd survey ( November 25 1988 )

It was surveycd one year after the complehon. o

According to these surveys and eompariug the third survey result with the second

S one, lhe deck elevations of the thll‘d survey shows Iugher elevations. at the back span- '

and lower clevations at the main span.



: '1hIS was surely caused by ‘the seulement of the pylcm piers, Because back. span:
clevatlon cannot move upward judging Trom thc reaction force of the back span piers.

Therefore the Ihlrd survey result 1s rewsed COI!SldCl'lng the pylon pier seitlements.
::_Hg 4- 3 shows the proﬁle co:usldermg the pylon seulement and devnatlons from the

. expected elevan_ons y

From the resnlt shown m hg 4-3, the maxunum dewat;on 1s 69 mm (over level) at
the main span’ and 35 mm at the back span, ThlS is rather small for this class of
_cable—stayed brldge and 1t is also recommended to take account of thlckness change _

o _f_(from 80mm 10 ?2mm) of asphalt pavement layer

:._»'A(:cordmg o thc mspectlon manual brldge pnoﬁle should be surveyed once a year,‘ '
o but unfortunately, survey has not yet been clone beeause of absence of the permanent _
bench marks which used. lo- be Iocated at the ground Jevel near P3and P4 and becat!se o

of the lackness of man power

: ';It is ureent!v recommended to make a survev as soon as pgsglble and tg check bndg .
- "-ﬁ:p_gﬁ e of the presen stage -
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3) -

Cable _ . N _
-Th_c-btidQe dcck is supporied by fox_in’t sets of 17 cables with diameters varying from:
: ;l2fl=’nihi; (lhéis_hort'cs'f)-w 167 ni_n;‘;i: (i_hé!bn"gcsi)._'l‘he ‘fnii:\imm_h breaking load of the

167 mm-cablcs“_i;sQSOO_ioﬁucs-. 'I_‘hésé"afc_:; in-tefins: of cross =s¢¢ti011al _area and

b'réaki_ng. Joad; about tw{éc.as big as aty brcvibusly used and the maiii span of the

k bridge is designed to carry traffic '_l"c}ac'l_'i_n_g o the Germian. Standard DIN. 1072, bridge

class 60, in addition {o its own weight (about 10000 tonnes). This design standard
gives a higher loading than would be obtaincd from any comparable national standard
and it is unlikely to be exceeded: in any actual traffic situationi, Tven at this design

loading, cables are strained t6-only 45% of their tested breaking load.

“The corrosion prolection sysiem of the ropes consists of inner and outer corrosion

prortcc_lion..‘Thg inner COTToSion protection consists of the hot dip 'g'aivaniz:cd-surface‘ '

 of all wires and a corrosion protection compound added during stranding operations.

The active corrosion protection compound consists of poly_urethahé‘oil with a high

‘content of zine Hu_s;t fillér, The outer corrosion protection consists of a multiple thick

o layer pa_’i.nt coe:l.t' which is applied after erection,

~“‘
*‘-“h—ﬂk\ :
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 Figd-4 Cross section of rope diameter 167 mm
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| Japan }nternatlonal Coopcrauon Agency (JICA) provxdcd the (‘able Tensnon Meter to '
EI‘A in ‘August 1991 accordmg o’ the request by JICA expert Th1

-'measuring L

' mstrument Was dcveloped for esttmatmg ihe: tensmn of cables bunlt in structures,' . B

esl:-ecnally bﬂdgc cables accurate:ly and m A short tlme. A microcomputer m the 5'
tension meter automahcally analyzes signals from thc accelerometers, and calculates' "
the cable tension. You. can find the detail about how © use. 1t in Appendlx. '

r’].;.'.,‘“:

Photo 4-1 3 andfrgblé, 4-1 show th_e,_ results of 'cfabisg: téh:‘;’itin-highsﬁfeﬁt:

Photod-1
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4) - Pavement ,
_ The Rama IX brldge has orthotopxc stccl plate dcck and us orngmal surfacmg is 45

l‘ollows,

-'A:s':jiia:lt.'czonc‘féte. "ﬁ.\"nit'c' B
o P (g )

—
<o Waterproof layer (TLU me)'

- ‘N\_\St_eet_plate deck

Asphalt penetratlon ongmally used m the mrx 1s 80 100 and aggregate gradanon is

shown in the next table .

Percent Passmg by Welght

_-_S_‘"“_”"'e_sm_?_, _' Bmcler Coursef;{'-_- Weanng Course 1

cas0 am Lo M0
_ RN 56 - 80 80 100
6. 3 mm _ ‘ e _ |
40 - 64 _ AR
475 mm | o I ey
. o - 54 - T2
3.35 mm . N
_ .30 - 32 e
- 2,36 mm | EOERR oo 58
DEPRE LS IR SSUI Sl AT VRR'Y
600 um A _
S ‘ o _ 26 - 38
425 um i - 25 : ST
300 um EREE S B 18.' ) g |-
1500 um .| ' : TES
75 um 5 S B o
- o R A T N L

1

ASphalt Content % o SEPUIE
by Weight of 40 - 80 | 50 - 75
Total Mix. B T

4220
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f Shortly aﬂer the opening fo the' trafﬁc, pavoment of tho Rama IX brldgo has fanled .

o partncularly m tho slow lanc and smce lhcn it has ieeded constant repair.

'_ i'-:Unfortunately, therc IS no exact data on how many square: meters fiave been repaired
: ?-:'so fary A lot of study have been also done to find causes of -failure by E‘I‘A

;f"~superv131ng consultant and contractor rmpectwely

As a rile, thé 'suCcéS‘sﬁil design of blidgo deck surfacing on long span stee! bridges

cooisa compllcated task It is-a problem wh:ch can not be solved correctly without -

‘performance teshng in a laboratory or field COﬂdlllOﬂS slmzlar fo thie actual operatmg:_ .

- 'requxrements for the completed bndge -

'Unhke many othcr desugn tasks, selcchon of asphalt pavement for a steel deck
ﬁstructure must be con51dered asa umquo problem reqmrmg 3, umque soluuon In tlns _
" case, 1t is wise to follow a tradltlonal desxgn sequence for solvmg new problems

In general this process should mclude the followmg steps !

L 'Establ:sh the Dcs;gn Conccpt or method and general characterlstlce requzred of :
| ;the surfacing system. _ ' ‘ '
Estabhsh or 1dent1fy tne condltlons affectmg the Design.
Establish the prelzmmary structurai desngn concept
Selection of the matefial to be used for surfacmg
Conduct tnal laymg of the materials.
Propore_standards_,and_ specifications. .

EStab,_lish 'prao,tical_mo_th'ods of construction. .

SR - N R

The success or failure of any design can onl'y be measured ag‘ainst' the design concepts
' _and expectod performanoe Most 1mportant is that the matenals selcctocl be suitable -

o for tho funcnons they must perform

IR




The Mpm jf_sl'i[fgfg' ng -sgsgjg' iﬁg i

'1he surfacmg ';ystcm on a steel dcck bridge must provnde smooth rldmg "’onditlons_ _

oomfonablc and safe for operauon of thc vehlclos that will use the bndge It must be ablc' o

o 1ranster the lrafﬁo Ioads o thc dcck surfacc, protect the deck surfacc from mapacl [oads_ R

and protcct the steol surface t"rom corros:on

In order to: demgn a surfacmg syslem wluch wnll meot these rcqunrements, severa! .

- cond|t10ns must be: cons:dered m detatl

. }’i‘rafﬁc Condmons P
" %i._*WheeI loads - Maxlmum ind tons R G el b

b Wheel contact area:: AVeragﬁ in sz ¥
S DYnamw loads Sl
o d, Vehicle speed of heavy trucks - Averago in km/ hr
| ‘¢. Loading penod of vehlcle load - seconds per load S
o _‘f."i_Trafﬁc volume Number of vehlcles por penod il oo

2. Mcteorologlcal Condnu)ns e L
a. 'I‘emperature Mammum and Mlmmum

b. Prempxtahon

3. Bridge Surface and Structure
Minimum bending radius s
Dcformatio’n characteristioS‘ -
Degreo of composuc effect desxred
. Plate tluckncss ‘

~ Structoral cl_iarc_lct'eristics

.—»pag;-_m.

Road gradient

4. Bxpecled life of bridge and pavement

422




All materlals consldercd for use in thc sulfacmg system must be mcasured accordmg

to the desngn concept and COI]dillonS for thic bridge. - .

1. Watcrprooﬁng Iayer must prowde 1mpermcabsllty and adhesmn to the steel deck

- surface.

2. Bmcler course xs lhc foundanou for the pavcmcnt It provndes structural slrength'
.and gives a level surface. It must. contribute to a slrong bond. wuhm the layers of

the surface, 1f the beneﬁts of composnte action are expected

L3 Wearmg oourse shOuld have the same physncal characternsttcs as lhe bmder g
: course, $0 that it can act conzposnely In addltton, the weanng course must have; .

e speplal charactensucs to- resxst skiddmg and abrasmn associated w:th the type of

E—S;jVEhICECS that wnll use thc bndge R

~In cases that probiems occur in pavement on: steel deck. br:dges after constructnon, -

there are (hreg major areas for evaluatmn and mvestlgatlon

e Determme 1f actual condmons are the same as the- those uscd in lhe .design

. ) """'Crltefla, R . . e )
S Are temperatures wheel loadmg, trafﬁc volume and trafﬂc charactensucs lhe _

same as. cxpccted? RO o SRR b

: 2 '.De'férihihe' how the actual pe_rformﬁnée of ;ilaiefials differs from the expected -
: performauce R L o | '
. Is the bond_ between ]ayers in thc system performmg as expected?
b What bond slrength was requ:red and what strength was ach:eved?
r What charactensucs of the: bldder malenal were expccted at the operatmg

: temperatures" '

423



d. What was the eapcctcd structural strcnglh of tlic aSphaHlC malcnal cclrtparcdgr :
~ {o the actual loads cxpcr:cnccd" '

_c.'-What stab:llty was expected: of tl’tc pavcmont at the iempcrafures thutrcd

. Was the mix desigi i in accordance wuh thc dcstgn reqlufemcnts”

g. Is lhc traffic load thie Same as cxpcctcd'? o '

3. Determine if construction was in accordanco wrth thc spccrﬁed rcquiremcnts

a. Gxamine records of all tcsts madc durmg construction to dctortmnc comphance -
| - with lhc rcqurrcmcnts ‘a-.-t-::-:.-:-: R e

b Conduct a represcntatwe saniplmg procedure to’ dctermmc thc condrtton of the

brtdgc surface TR ST ST

SucccSS <)r fatlurc of any physrcal system can only bo dctcrmmcd m comparrson to' -
' thc cxpcctatrons ‘for thal system Tii case’ ‘of asphalt pavemerit dcsrgn ]tfc i3 the stimplest test

- for- success. If: fatlurc oecurs prematurely, normal engmccnng procedurerequrros that the -

' opcratmg condruons be examined in companson to the dcsrgn assumptrons If no srgmﬁcant._ .
'_changcs have occurred the dcsngn and rcsults of matenal performance testmg should be
reviewed, If no dlscrepancrcs can be found, the matcnals used: in: constructton sht:-uld be':,"»_ -
carefully tcstcd and analyzed, Unless there is a clcar dtffcrcncc in any of - the above areas |

the c'rusc of failure will usually be fourd to bc the result of many factofs addmg together

In case of the Rama IX bridge trial section was paved in April- 1992 using iwokind
of materials, whrch are "Sealoflex 2"- SBS polymer modified bjtumcn and "Bohdeck ZOK" '
polyurethane systcm undcr the superwsnon of Overseas Prcgects Corporatron of Vtctona
(OPCV) Ltd., Melboumc Austraha Before applymg thesc malerials to trral scctlon ETAf
" and OPCV havc dlscusscd for a long time what Lmd of matcrlal should be used on the Rama
IX bridge after OPCV has revrcwcd thc existing matcrrals and tested somc materrals in the

N

laboratory.
We have (0 see thc'pcri‘()rmancc of trial section, at least; six -momhs- until O'ctoli'cr .

[992. But it is qllllc dtmcult {0 estamatc the life of. tnal seetion; because thcrc 1s no data-_'

about ‘traffic condruon wcathct mix propcrllcs JllSl aﬂcr placcmcnt and $0 on

42t
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g _ngh Strength I“rtetlon Grtp Bolt .. o A
: "The types and snzes of htgh tcnsxlc bolt that was used in construeuon of Rama IX

| : '_brldge are as follows,

-k ngh strength hexagon bolt

MI6 L= =55-60, M20 L=55-115, M22L 60~80 M24 L= 65 105
M27 1.=80-140, M30 L=100-180, M36L 190205

% ngh strength torque eontrol bolt C
. M20L :55- 115 M22L - 60-80, M24L 65- 105

and the bolt grade is HO‘I‘ ( tensnle strength 100 120 kglmm ) Smce the complelton
f‘g;_;of the Rama IX bndge, some bolts were broken and dropped. down mto the water | )
'The cause of brcakage is ot elear, but number of lhe broken bolt is not so many and

R al] of. them have been already replaced

L _fIn Iapan hlgh strength fl'lC(lOll grlp bolts have been used for structural steel -wor ks i'

maJor characternstw of the hlgh strengtlt fnctton grlp bolted ]omts is. able to be
. mtrodueed a lugh stress into the bolts up to 82 5% of minimum yleld pomt of an

effective serewod area of the bolts mstrueted by J IS Accordmgly, a decrease of axral

force of bolts due to creep al screwed parts of bolts and nuts, stress relaxation for_

- bolts was founcl_m actual joints of structural members.

In addition, in case of the metropolltan expressways high strength fl‘lCthﬂ grip bolts
' have been used since 1968 and among them, & Jot of breakage of FILT has been-
_’found since March 1979 because of so called " delayed failure *, On the other hand '

in Hanshm arga the h1gh strength bolt F13T class 4 used on the joints have been

developed in accordance with JIS B 1186 1964 and these bolts have been also broken

due 1o delayed fallure soon ‘after the completnou of construction since 1964, Several

: kmds of investigations for looking for the cause were conducted on the damaged bolts

' by testmg and comparmg with eharacterlstics between damaged and undamaged polts

sampled at the place around damaged bolts. found out. Alt results gave that every

L ‘sample on the damaged bolts shows a gmm breakage with no plasue deformat:on on .
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properlics of a fracturc. The bf(?_tihﬁgo on the Golts was ddricluded o bé cansed by et
" defaged fracturt becausé of typical bhiraétorisfics on the properiies of 4 fiactire,

The sensibility for delayed failure hrill‘ni'ainl};, relates to ihe following items.
* chrcc of tcnsnle strenglh and its umformlty
*  Corrosive cnwmnmcnts (R o :
Dewatlon in the proccss of heat treatmcnt durlng manufactunng botts " .

Ultra soruc wavc tcst wh1ch IS well known as a non destructwe test for the soundness_ |

'iof steel maten , lS normaliv apphed to check the breakage of the hlgh strength bolts o

_. ‘fIn thls test, mSp _tton procedure is stmple and 1t 1s 'not required iuch timé to obtam’_ _ )
' ;fgthe tcst result but i 1s very hard té kcep test data at the sxte atnd'inspection engmeer o

al

wn}t be requured very. long tlmc expenence because test t‘cSult quite depends on h:s

_ Jlldgeniellt '

g As a gencral repa;r method Ior breakage and IooseneSS of the bolts a nylon safety net o
is unavmdably applzed al’ the place where a bolt might drop down I additlon an 3
: lmproved mspechon system is bcmg provlded so that a COmplete mSpectlon can be-

mtroduced for that in the futurc

428



-8 . An example of broken boit’

P_h_dto 4

_?4,29'




6)  Paint

Painting specification for the Rama IX bridge is a‘_s follows.

lablc 4-2 Extcmal Smlacc Minimuin l‘o_tal Dry ]’llm Thickncss

27{) MIGIon

Avcr':gc .

{'SD zinc. prlmer

'assemblmg)

'Red' Iead/cpoxy?
“|:blast primer . -
' ;Orange T

| Epomarme R -'f] f_
. prlmer Orange S

2nd coat (alter_;' .

;Red leadlepoxy

-Epomar_l RL )
-pr:mer Brown

temporary - - | priter Brown

|assemblingy - o )0

_ 3rd coat (aner-*' : i!y'f.IIO/epoxy' | 'Kanpe ferrodor 1. Z:"_:_‘; ST el
temporary Grey - EPX -34 Bndgexf S5
assembling) ‘ Gray - : '

Edge prolééti0|1

Red lead : MIO

Kanpe feffodo_r

site)

assembling or

Silver Grey

stripe coat (60:40)/epoxy | EPX (BPC) - 40
_ Brown - s :

4th coat '(at"t.er _Po'lyurethane Retan R o

temporary 1 No.60000 - 55

‘Note: Imase of brush coaling, apphcauon numhcr shall be the number of times (o '
be able to keep the reqlure(l dry film thlckne%s :
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Tab]c 4 3 Interml Surface - M:mmum Totai Dry Fllnn Thickness

210 Micron

. App_l'icét'ion' .

© Average of

- temporary -
‘assembling or

| site)

‘| Light Grey :
| silver Grey,

| D_escir;ipiion" .Braﬁ'd"Na_mc Dry Film
LoD ‘ - Number. Thickness
B e {Micron)
| Shop primer | Iriorganic zine $D zinc primer-
(hefore shop primer Z1 No. 1000 1 - 20
temporary B o :
aSsembling) L : Lo
st coat (aﬂcr | Red lead/epoxy | Epomarine RL : |
| semporary - bast primer - | primer 1 50
_-assemblmg) ‘ Or‘ange‘ o Orange S :
' _2ncl coat (afler : 3M1()1epoxy _-Kanpe ferrodor.j- Sk :
temporary . Grcy - EPX - 34 Y - T
- -assemblmg) 1 ‘ 'fBrldgc Grey . L ST
s :},dge o | 7‘Red lead: MIO Kanpe_ferrodor:' | C
: -ﬁprolectlon (60:40)/epoxy | BPX (BPC) - I (doy . -
| stripe coat - . | Brown & - R R
- "3rd coat (afier ' f'MIOIepoxy %‘K'gnp'_é;--férrodof' e L
BPX-33.. I 70

: r

Table 4- 4 Calvamzed Surfacc anmum Total Dry I“:im ’I‘hickness
o 10‘5 Micron

- Average of

' ]_Descriptioni'__ ‘.Bfé;nd_.Namé | Application ~ Dry Film
L SR Number . Thickness -
: _ ‘ _ _ _ _ _ s ' (Micron)
: Toﬁch up cpat chlepoxy SD zmc pnmer o I
Lo primer Z8 No 500 I3 - 40
{stcoal - ‘Red 1eadlepoxy Epomarme RL S .
PR I primer - primer’ 1 50 -
: E Brown
| Einish 'coa.t: : POlYurétﬁanc Retan No 6000 -
e e SSil\"érf-Giéy ) 1 55

Nois

In case of brush coatmg,
' eep the requ:red dry ﬁlm thlckness

apphcauon number shalk be the number of times {o be able
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~ . The frequency of inspei_:tio,n' for’ painting is as follows:

Budgc (msxdc) seemems QVETY YCAI
: Bndgc (OlltSde) ------ \?éry day
' _Pylon (msrdc) ~- - every y(.:é.rf'
Pyloi (0u|s1dc) ------- vcry month . B .
- Cable_-u—'-'—-----—-»m-_-»— vcry 2 week’s (Roulmc mspcc )]

, xrcry,’z years.(Pcnod_nspcc.) -

In rugard to lhe condition of members of the bndgc, itis Judged accordmg to ratmg standard
in lable 4-6. Inspccuon results are classnﬁed mto ﬁvc gradcs from A to Q duc o gradc of
_ dctccts or damagc ' IR ‘ R
Table 4- 7 Standards for ratmg of clcfects and fallurcs
(Palnlmg inspectmn excluded)

Rating | :  S Slandards of Ratmg

| :ThIS stage has senous defects or fallurcs Which may aftect on- vehlclc
A drwmg or on safety of thlrd body I o
'I‘hls needs- urgent suffenmg or closmg of trafﬁc.

“This stage has 51gn1ﬁcant defects or. f111ures wh:ch may procced lo decrease
B | the bridge funciion. ' '

This needs prompt treatinents.

Defecls are hght

c llus needs contmuous mspecuon j
O}\ , Normal s’tagc. :
Q Rating is difficult by general |_nca"n's‘_

This needs re-inspeciion by other methods.
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_'_S_tan’dard_s for rating in-paintin";c; i_nspcction‘a‘ri: as follows,

Table 4-7 Staﬂdérds for rating in p:ainting inspection

~ Rating

Condition

Rust | General

surface .

T

5

+

"100

-

S R A e AL i Bt

0. -1

2
:o’ )
i

. ”Edge"”

' Cén’;inﬁqu rust
along edge line -

along’ edge line.

Discontinuous rust
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Rating.

Cracking
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“Flaking
peeling

- " DR , Jdo
B e




s sy

.m,.:ﬁ% SR
& £ .- ‘M ow .
S

N uge §

%:
g
X

(cm)

(cm)

Condition ™ -

Blisterling -

,_ .4739;L



Repamtmg is one of thc methods to rcpalr slcel siructures and essentaal for them Yb

kccp in good condmon for a long umc. chamtmg 13 classnﬁed mto three mcthods such as

_wholc arca rcpamtmg, parllaily repamtmg and spot rcpalr and selcctton ot‘ repat mg method-
depends on 1ating in pamtmg mspccuon Il is gcncraiiy recommended to use the same pamt -

as ongmai one: m mpamlmg wmk

: C)eanmg 1s vei‘y unporlant process in repamnng work and cleanmg class depends on
: pamtmg sysiem and ratmg in pamlmg mspection Cleanmg class :s normally class1ﬁed mt0;
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' Damper _
The aerodynamre effects of winid on lhe brldge deck and pylons were studied in wind -

rf'_'tj""'nel tests ‘and. records of wind. speed and direction at 50 nieters above Mean Sea_

vel were aiso made durmg the constructlon perrod

'I‘he tests were conducted usmg mode]s of the brldge deck and pylons and lrmrted. |
o oscrllauons of lhe deck model were observed only with wmd blowing with an upward'
_ 'eomponent, These oscillations would 1ol be dangerous for the bridge, but it was
5':thought that, if they occurred they might become nonceable oF uncomfortable 0

users, and mrght possrbly cause traffic acerdents To avold any possibility of thrs
happenmg, 1t was decrded to mstall tuned mass dampers in the brldge deck.

"The tuned mass dampers cons:sts of a mass hangmg grom lensmn Spl‘lngs wnh:
_ "vrseodampers" attaehed ’I‘hey are tuned to the natural frequeney of the brldge and __
-~ if 'wind mduced oserllanons begm ; they reduce the amount of movement of the'-

brrdge by themselves movmg and so absorbmg energy

| _’I‘here is one damper m eaeh of the pylons lmmedntely above the top cabte' o |

anchorages The deek eontams eight torsron dampers and eight bendmg dampers each
with a welght of ﬁve tonnes There 13 also viscous ‘cable damper in each’ stay cable '

to reduce the vrbratton caused by lraf fie and wmd load.

Fig.d-5  Pylon damper

.-_...L\-- — e

e -




. PYLOM DAMPER-
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) Ph‘o_f_p‘. 49 _ Cable damper

It w:ll be needed to- check actual behavior of these dampers by. dynamnc test on the

brldge in near future and it is beuer to comparc those behawor with theoretlca] one,

iy



4.2 Em@.s\swayg :

D '_"Gcncxal _ R , _ |
. - A tolai }cnglh ol‘ lhe fi Est s!agc expressway syslem is 27 1 km and most of structurcs- o

mm base course Asphaltlc concrete base and weanng course aré in accord ce'wuh the
Thai Departmenl of nghways spemficatlon, with - the exceptlon that the aggrcgate
forming wearing COurse has been specified to British Standards iy _1mprov_e the skid
resistance properlies of the surfacing. Burled e_xp‘;insidn joints are_prdvi&ed at the ends

- of all the precast spans (o cater for movements dué foa temperalilfe raﬁg’e of ;};ISOC. In
addition, ‘all points vulnerable to stainin.g are protecied by a waler bar cast into, the -

_ adjacent faces of concrete at all expanswn jOlIltS “These water bars are not deszgned to

| permanently stop water that leaked through lhe buned jomts but !0 deﬂecl 1t away from :

- areas such.as columns, where: leaks w:ll Cause starnmg g

Whe‘n‘c R span. greater than 20'meters is required or where sihgie column piers are

desitable, the precast beams are construcied wnth a halved joint at cither end and a .

. section of in situ deck is cast over the columns,

4—15{1
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' (‘oncnctc Structure - _ _
" TFor the concretc struclures, ‘crack is mcwlable and 1t is very impor Iant to check crack

exisicice and its: propagat;on m order to keep concrelc structures m good condmon

Accordmg to the rccommcndauan for the mvcshgatlon and rcp'nr of cracks in concrete
structures prepared by Lapa g:gngrclg Insmutc a gencral p:ocess of mveshgauon and

: rcpamng work of cracLs w:ll be donc in accordance with Fig.4-7 . The word of "Start"

i the flow chart means a discovery of the crack and these steps of the flow chart are for

normal cracks on {he concrete structures which caused by normal performance in design,

matt:r_ia_i', construction and operation.

To. clear up the cause of cracks is very 1mp0rtant to get nccessary information for

. 'esumatmg a sound Judgemcnt of the structure for the use in comfort and for deciding a
_necessrty of the repamna work and process for supposmg the causes of cracLs should be

' 'bascd on thc Prehmmary or Detalled mveslnganon. .

- The judgement f'br" the necessily of _repairing' Work_Will be divided into two major -

' con'Siderations as: follow_'s_f

1y Useablhty 01 the slructure (Safety and Funcuonablhty}

The Judgement for the nccessnty of repalrmg work on the crack, in prmcnple,
should be conducted in response to a purpose of the best possible use of the
._.structure Becausc of th:s a dnffercnt standard for the judgement against even if
for the same kind of cracks comes up in pracncal dependmg on makmg the bcsl '

use of the strucmre : _ _ S
In gcneral useab:hty of thc concretc struclure can be classified as follows

) '-:Prqof-'strcss‘ :
——{Durability -

- L.The others .
Walerproof |
Aesthetic sense (Beauty)

-Airtightness
~The others

—Safely

Filnctioxlability - ‘
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o

| meludmg practrcal means mstead of aetual reparrmg works as follows,

'__‘Proof—stress wrll gwe a Judgement whether the structure can maintain
‘ .safely at present whlle the mvestngairon 1s benig done or not

Durabllny wrll take account of the safety to be covered for the wholc
- scmce llfe of the structure A constderahon for durabrhty should be

; -exlended ovcr for ot only a possrble condmon of a present safety but also
©an ulumate possrb;hty of the long -term-safety caused by the cracks.

| :Functronabrlrty has {0-be considered for the whole service llfe of the

Vstructure net _on_ly a_t present.

The ﬁnal judgement for the necessuy of repalrmg work: should be conslde"red'

- Decrease in load (Fo eontrol supenmposed load) _
When the decrease of safety to. the specrﬁed load.has been conﬁrmed due '.
o the oceurrcnce of: cracks ihe loadmg such as traffic load should be

3 "eontrolled wnhm the lnmts wineh would not mfrmge safety service to the

K -'uscrs

Change of lhe usmg purpose

I very rarc. cases, lhe usmg purpose cm be changed keeprng the safety
' -for the specrﬁed load o ' '

' _ZRemforcement of tiie slrncture ‘
: Somenmes a major remforcement of the structure which was damaged by

' cracks wrll be needed when the enough safety of the struclure due to

repalrmg work on the eracks can be not be guaranteed or when a future

repznrmg work will be needed agam

-Reconstructron or demolltlon

When the safety of the structure can not be predleted after repalrmg _

werks, or when a huge 1nvcstment wrll be needed for the remforcement'

'='on the structure a reconstructlon of’ demohtron of the simcture must be

' consadcred
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Mamly two major factors such as durabl]ily and watcr proof on’ lhc concrctc structui'és' .
should bc consndcrcd for Judgcmcnl in accordance wnh_ Tablc 4—9 and lhc Judgcmcnt for. -

. 2) Environmentalr-‘. C View .f‘rom'-i}u'nab'illty_’ | Ylaw
' Condition e B oy from |.
TR Other e ST EDNY (RTINS I CNot | Waterd
Class 0 S Factor '}Qs°r1609 Medium | Serious | “tight
| - -g‘,(;’wer of | “over: | over .| over.' | over "
_'Influence) [ ;tban .| than | than thap
(A) Crack-wWiden | - Large ol e |04 |oos 0.2
60 be repaired " | HMedium: ] 0L 1eve 0.8 0.2
_(mm) RN E Small Lo ee 0.8 1.0 0.2
-(Power of 1 Less | Less - Less’ - Less |
Influence} B than  { than | than | than-
(B)  Crack-Width | large | 8.1 | 0i2 - 0.2. | 0.06
U0 td b mot c 0 Meddwm o 0Ty 00e 0.3 0.05
" repaired. {mm)} Small 0.2 0.3 8.3 0.08

Table 4-9 Standard Width of Cracks _fdr the J (l'dgcmeht of the Necessity of Repair Works -

n _The olher faclors means the degree of harmfulness for durabzhly and water-proof

on concrete struclurcs. SR . S _‘ ST
_ Paucrn and depth of crack amount of concrele cover, covenﬁg matcr:al on the
surface of the concrete, materjal and mix proportion of the concrete, condltlon 3
of the construcuon joints and othcrc can be taken mto coulsldcratlon o
2) "~ This means an cn\'lronmcnlal condmon mamly from pomt of view of the-

condition for the rust ol‘ rcmforccmcms
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“When more styuctural factors such as proof-stress, beauty, airtightness and others on the
struclure will be riceded in consideralion, the judgenient can be made by experts.

The most adequate melhod after grasping the conditions of the crack, should be selected :
to nieet the purpose of a rcparr Before doing (he repair work, thc desrgn for the repair
3 'should be completcd with neccssarj.r factors involved such as scope, scale of the work, -

methods, materrals perrod necessary equrpments and adcquaie hmc for the work

In general, 'there: are three_kinds_of typical repairirr_g melho'ds on t‘h-‘e;crack:s as follo‘Ws, |
() Surfacc—trcatment Method
~This mvolvcs, puttrng a coat along he crack. and is useful for crack wrdths less
than 0 2 mm, as shown in Frg 4-8. Thrs will not repair the structural strength of _'
_damaged structures A matenal for the coat should be selectcd for the specrﬁed |
‘purpose for: mslancc 1 epoxy rcsms or glass clothes with resms for general
'purpose 2 tar epoxy for the wafes- proof when' the crack will change the width.
;-'Bcfore commencmg surfaceutreatment method of any surface ori the concrete
:_""_'fsiructure, any forelgn thmgs such as. orl grease dust leakagc—hme, rust and
“ corroded o fraglle parts of the concrete have (0 be removed by suitable means
- _( 1: 10 scour the surface wrth a wrre -brush for makmg roughncss of the surface,
2t wash extraneous matler away from the surface, and 3: to ensure the concrete
is dry). Also before applying the coat more attcntmn has to be paid for ﬁlllng
- -into the holc llkc a vord or an alr bubble on the surface of the concrete by putty
resins. Mortar blow mcthod mstead of filling of resins or asphalt parnt method for |

'only purpose of water proof as -one of surface treatment melhods have. bccn_'

' "'_applymg on the: actual struclures
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i Cover Moterish

- : _ Crack

i_ I‘lg 4- 8 Sunface trcatmont Method

(2) . (xrout Injection Method _ T
The method of fillmg of reslns or morgamc materxals into each and every crack
is useful for the purpose of not only. water-proof but also recovermg the strength-

' __:,;_of the structurc if the epoxy resm was apphed

¥ I‘lllmg up method R R R _ : ‘
L Thls will be applxed when the surface-treatment method will be not sufﬁcrent- :
_for protectmg the wear or corrosmn m the iong perlod Typlcal form of lhls :
| ngothod 1s to apply resms, cement—mortar and asphalt matenaf inio the inside
_ ,_of tho groove. In normal two kmds of groove can be formed V-shape

. for rcsms and U -shape for mortar (to, protect from exfollauon of mater:a!s

| ) ':after operallon), as shown in Fxg 4 9 After cuumg the groovo any fraglle
"concrete _parts or forengn things must be removed and the groove has coated= :
with a pruner before filling. After the matenal has hardencd,surface treatment E

| _by grmder or dlSC sander can be apphed if necessary

T Filling
» . B . . ‘0 - y
. Materiai AR 77
JOTE _ S

i Crack

VSt o o S
‘o - . - © -U=Shape

. Fig.4-9 Tilling-up Method
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* (:mupmg method - _ _
‘This js a method 10 IIIJCCI a viscous ﬂmd into the deep parl of the crack, A

-typlcal lmlenal is a low-viscous cpoxy fesin. A normal process for the
' groupmg mcthod is as follows: ‘ ' ‘
- To. make the groovc w;th V- slnpc along the crack The centcr of the
groove is to be at the _ccnlc_,r of the crack.
. To' install grout pipes dlong the crack as necessary.
- - To scal entirely the mouth of the gr‘odve with a cdve‘rq_n"atefial or adhesive
A tape 50 that the resin ﬁlled in will pot come ot
- “To ﬁli lhé resm mto the pipe by means of elcctnc, hand., or treadle punp.
__ :T‘Bcfore ﬁllmg the resm it. is 1mportant to clean mstde the crack by first
- ‘_  blowmg aIr and ﬁll the resm into crack, slowly and skowly, urider an adequatc :
) jprcssure If the grout pressure is too. hxgh the result of work will not be .
- sahsfactory because not only witl the. resm fall to. penetrate not smoothly deep
o lhe crack but also, m the worst case, the. pressurc wnll expand the crack—

o w1dth Careful attentlon should be glven to solccung pressure—valuc

T he most apphcabie condmon of the groupmg mcthod is for crack width over.
than 0.2 mm on the surface. If the crack- w1dth is smaller than 0.2 mm, it is
- very,d;fﬁcult to apply . this _method, skillfully, because of "pluggmg“. If the
method applied o the crack wﬁich has ‘a"s:u'itablle Width' for its |
application, 'how:.tia'v'er;' a good result with a_ careful performance can be.

provided up to crack width of 0.05 mm..

A pt)ssible:rﬁh;ge 1o be able to bé filled by one grouping pfpe is dépending ol

- factors such as: ‘crack-width, wscosnty of the resms, and lempcralure during

_ construcuon Accordmgly, the space of the groupmg pipes lo be sct along the
- crack should be. adjusted due to factors, but a normal space. will be 10 to 30
.o, Frlhng works should start from the pipe locatcd on thc lowest or left tast

“side of lhc cracl\s, conlmumg il it is conﬁrmed that resin overflows from
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lhc next plpe Aﬂer ﬁnrshmg the work al apphcd (0 lho noxt ptpe in the

sequience;

3y Rcmforcmg Melhod . _ : _
| This will be mainly ¢ dwided mto tWO gronps Steel arichor mcthod and Prestress -

melhod as follows

Stcei anchor mothod : _
'Thls isa method w fasten the crack wnth steel anchors of c]amp shape as
- =shown m Fig.4- 10. The purp()se of this method 1s ot only to rcpair the cracks .
L '_but also remforces of thie structure due to statchmg itup togethcr Holes for -
o _' _;'.the clamps should be pro\uded by diflling and fastenmg wnth cement mortar
Foor resin mortar The demred numben‘ of stecl anchors should be provnded by
“ithe rcquest in deSIgn under setv;ce 1oad condlttons and should be carct'ully -
k ="=mstalled inthe snmiar dlrectmn of the mam stress~distnbunon along the ¢rack.
SR ‘_If it is pos%nbie all of mstatled thmgs mcluchng the arca up to crack ends
should be covered by’ résin- mortar to obtain proiectlon agamst rust and watcr

Steel Anchor |

Flg 4-10 Sloel Anchor Method
* :Prestress method AR : _ _
l‘h:s is- a method fo- fasten tho area of the structuro ‘affected hy puttmg‘
dcsngned prestress ‘bars, wlnch they cross at nght angles to each other as
shown in Fig.4- 11, The holes for the prestress bar will normally be prov:dcd
by bonng through the structwe It is normal fo insert resms into. the holes L

after fastening the prestress bars.



3)

- Crack -

~Prosiresd Bar .

‘Prestress Bar

Fig;_4;11_ P'rest're_ss'Me_thod |

As spwxal method for repaxr of cracks, there are two other methods as follows

Replacmg method o :
-iAfter removmg all the fraglie parts of concrete in the crack iocauon new

:concrete is added together w1th proper amngement of remforcement

. Remforced method o
After preparmg a steel plate anng the crack it is struck on to the structure by -

_an adheswe agcnt to recover the decrease of the structural strength

Pavement _ _
: -_Afler the condmons of the road surface have been mvesngated an overall evaluatlon of

- the surface 1s conductecl for each mvestngated sectxon or route. The evaluation is to.be

quanntauve In Japan, each authonty has their own evaluatnon standard for mstance, for
the Metropohtan Expressways the. max:mum rut depth and crackmg ratlo should be 20
mm- aud 20 % respectlvely, and for natlonal highways the Maintenance Control Index

{MCI) has been adopted as an mdex to evaluate the condmons of the surfaces.
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MCl= 10-1.48C% 0.200%7 -0.47G"
where MCI Mamtenancc Control Indcxcs -
= Clackmg ratio (%) '

: D-«zRu_lh_n_g. depth _(mm)_' o
| G.."—‘__Lohgi{udina_l roughncss (i)

Itis n,asonable (o conduct mamt:,nancc and rcpalr corrcspondmg {o 1he MCI value shown
in Tabie 4-10, Howcv:.r, owdslonally, the road surfaw may be subject to rnpalr oven
thougli its MCI value i is }nghcr Ihan the: value shown Table 4-10, ¥t is desnrable 0 repair .
g .damage in its carly .stage, before it becomes serious: ley auenlion to the damage may

result in reductions in the cost of mamtenance and _repar_r in the long Tun,

Table 4-10 MCI _a.nd It's'-(_rl_drres‘pd:i;dii‘_ig-'Méiﬂiénance Lk:vél

MCI e :; Necessary Level of Mfzmtenance :
5 MCI "10- Routme mamtenance
3MCr 5 f‘ Mm()r repanr R
M(,I 3 Majo_r repair

Thc Pracess of mamlenaucc should be selcctcd on the basns of past expenence and overall
judgemenl of the maintenance and repalr method. The purpose of mainlenance me{hods

is not to thoroughly repair dama ge to the pavement, but to maintain the serwceabnhty of -
the pavemeut through tcmporary repalr Thc mamtenance methods for asphalt pavement S

are classifi ed as follows

* l"alchmg _
% Sealing and fi f“ng cracks

# Surtace lreatmenl



'Ihe purpose of repair methods is: {0 cope wnh drastre repatrs Major methods melude

i ‘oVerlay, mrllmg and’ over]ay, reconstructton and m»place reeyclmg But, overlay is not

L untable xepalr method for the elevated strueture because of lnmtatron of dead load

1 With the mrllmg ancl overlay method the part of the asphalt mlxture of the extstmg'_
e -pavement whreh has developed damage is removed ancl overlay is applrcd  the surface.

There ¢ are W methods avallable, the replacement of the new asphalt mixture with an -

R 3equal thickness of - the removed mixture, and the addition of an overlay having the

necessary lthkncSS to the replaced layer

I the damage is’ Judged to be t00 serious for temporary repair to maintain a pavement
- with sufﬁcrent quahty, the pavement. is to be replaced Since this method’ is the most o
- :?'expensrve* one among the repair methods, it should be adopted after taking full

e -'fconstderatron

' *}Leve_l' 13+ "The pavement ltas nearly perfect servreeabrhty and will only need routine

| i :-.mamtenance ' RN ' :

E * Level 2: - The pavement has nearly perfect servreeabtlrty, although partral :

R '_'mamtenance and repair are needed. |

* Iuevel-;i:.v “The . pavement needs to’ be apphed wrth “overlay or major should be
e conducted. - . _

: The purpose of. In- place fecycling. is for the effectwe use of resources and prevention of

- wastes arising durlng repair operauons It may be used in any SItuauons where. overlay,

o 'mrllmg and, overlay. or reconstructron are necessary; ‘with exrstmg pavement materials

_bemg able-to be recycled In-place recyelmg tncludes two methods: The in-place surface

i course recyclmg method which arms at remforcrng the strueture of the pavement through .

restormg the qualtty and ongmal shape of the damaged surface course, and fhe- in-place
base course recyelmg methoct which crushes the asphalt mixture and granular ‘materials
ef the damaged pavement and stabilizes them for the construction of the base course in -
repatr operatlons "For the expressway earrymg heavy traffic, m—place surface course

recyelmg is: recommended
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* Dearing

B dlxpanslon Joint
I {ong elevated type of struclurc, expansaon jomts aro essenuai components Jin’order

10 adjust dssplaeements in bndgos causw by such factors as temperature varratlons, as -

wcil as creep and shrmkagc to nvunlam road 1evelness to ens.ure trouble'free travelimg

~of vehrcies. bul the jomts wnll make onie of fhe weakest pomt m the brtdge structure'
. Thefe are many: kmds of cxpansion joints that cdn be, used ‘at the both ends of the girder

for the purpose of keepmg road-contmuny and of- accommodaung allowable movement '

due-to temperature change or hve load. It is, however, rather dlff‘ cult to provrde a hlgh

‘quahly Jomt to sausfy the rcqulremenls sufﬁczemly

:._.The durablllty of 4 joint rela(es many factors stich as bridge type, load of vehlcle, traffic. -

volume, envrronmental condlttons, and so on. Smce there are a’ l‘ew data concerning such .

vt factors, it tS dxtﬁoult to decrde the durablltty of a jomt clearly Aecordmg 1o Japanese |

mves(rgauon of the number of replacecl joint and an accumulated trafﬁc volume of large

vehicle; the number of replacement mcreases qmckly when an aCCumulated trafﬁc volume
- of large vehicle reaches 20 5 million: for rubber ]omts, 5 to 10 mtlhon for steel

remforccd elas*tomer and more than 10 mrlhon for ﬁnger jomts The major reasons of oo

replacemem are an abrasion of joint body and damage of post~cast concrete

In the first stage expressway systent, “the life of some ]omt is less than four years and _

expected to be more than five years. Because, not only the frequent replacmg costs more,

. but also the replacing expansion joint causes traffic congestlon during its work under the
= 'present heavy traffic voltime. I found some jOltlt is Stlll keepmg good condltlon even: after
more - than 5 years- since exper:mental installation. The cost. of . that _|omt is) mor¢ -
-expeuswe than the other common type of - joint;: But the llfe of jomt is:longer and total

K cost (initial cost + maintenance cost) is much more mexpenswe It is the tlme for ETA.

1o rethink the. way, of selcctson of oxpansron jomt

e

Damages of bearings are produccd asa result of nuxmg of various causes m many cases.

Therefore, the estimation of the cause of damages must be mado wrth utmost care.
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_ Mam causcs leadlng toa damage can be classrﬁcd into !he followmg 3 categenes,
¥ Lack of consrdcratron in desrgn ' '
3 Dcfectrvc manufacture or execunon

A Insufﬁc1ent mamtcnance of management

'The reparatory measures shall not only restore the orrgmal functlons of the bearings , but
| ‘_ also prcvcnt rccurrence of similar daniages in the future with their execuhon in. prrncrple
- The repaarmg method shall be determmed based on an examination from a global
viewpoiit of ﬁeid condltron condition- of damage, cause  of damage, workabrhty,

: inﬂu‘eﬂce'or_'\‘ passingzvehrcles; {nfluefice on bridge stricture, etc..

“Since the beanngs are located in narrow places, he repalr work of beanngs must be
executed under very difﬁcult condrtrons in many cases. Thete are various measures to
be taken dependmg on the condmon of damagc, the satuatton of surroundmgs, the cause

= of damage elc. m erder to. try to adopt the- most effective method by accurately graspmg
: the cause. ‘of. the damage and to avord decrdmg the method of reparr works easrly by |

-‘consrdcrmg lhc workabrhty oniy

‘An ideal reparatory measure i3 to remave the main cause of the.dam_age of bearings.
' Therefore, thcre are often cases where reparatory measures must. be tallcen-‘not only for
the bearings themselves, but also for other portions such as superstruct_ure, substructure,
‘foundation, expansion device, etc. and a careful consideration is requir¢d. The repair
- work must be executed in such a way that the reparred part may continue t0 deploy its

functions smoothly for a long trme

However, in the case of a damage due to an unusual displacemem of the substructure,
_large—scale works are somehmes requlred and it is also necessary to take a fiexible
approach of makmg a temporary répair work only and continue watching the srtuatron, :

for ‘example, m a place whcre there is a lugh possrbrlrty of repetition of similar

- displacements in the future,
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From thc vrewpomt of stabihty aiid: safcty of brldge tho nme of lemporarv 3upporlm§
~ wilh-a jack and a tcmporary supportmg work etc. sl1ouid prcfcrably be as short as
. possrblc Itis therefore dos:rabic {o select the rcpa:r mcthod wnth due auentlon o mothod e

- and proccdure of oxocuuon as ‘well as ma(ernals uscd to shorten the perrod of lomporary. Co

_Supportmg as much as possd)le in repalr works requmng & temporary supportmg

When' the damage of beanng is altrlbuted to breakmg of expansron dcvrce, elc rt is

Bk deSJrable to adj ust the ume of exeeution of repalr work: to the time of rust prooﬁng work

: -of the: bearmgs as much as possrble However at pomts of WOrks mvolvmg Jacklng up ) _
:(raxsmg} and Jackmg down (IOWermg) of glrder such. as: parual repIacemem of bearmg, =

ele, ' lt is rocommended to execute the repair works of expansron devices at an, carliest -
posqrble ume after the executron of the repalr WOrk of beanngs in wow of the ﬂatnesq _

*'ofthe road face RN e SRR ' LR

- _fAs for the penod and the ume zano of cxecutron 1t is requestcd to select a season and:_
L a-time zono in whtch tho inﬂuence of the works: on lho trafﬁc may be kept to the'-‘
. minimum and that the works may have the Ieast mﬂuence on the bndge SIructure and the = :

temporary supportmg works

aess



Maih_te:'ia_nee' Datab‘ase' |

The mamtenance database usually consrsts of;: basre mformatron of eaeh portron of
- the expressway, sich as drawmf,, map, ete., hrstory of mamtenance and mSpectron works, :
and possibly containing work plan for mamtenanee and rnspeetron It is an rmportant ;
'rnformauon for mamtenance system whreh will secure the exprcssway in a good condrtron
- for all operatmg perrod The mamtenance systeni will not be able to work without
"’mformatron supportmg from the database 'I‘he database can tell present eondrtrons of the
'expressway and can also be used to predrct future condrtrons of the expressway vra therr
:hrstorrcal data Be31de of mamtemnce purpose the databasc can also be used for other '

:purposes such as plannmg and admrmstrauon

There are varrous types of mamtenance database system whreh were tailored to suit
_wrth therr purpose of use and mamtenance system to-be used together However they
normally have the same basrc structure and comam srmrlar basre information. . The' Tokyo :
Metropolrtan Fxpressway Authonty has also devcloped its own, mamtenance database systenr '
for usmg together wrth 1ts‘ nmntenance system [t 1s eurrently usmg in the authorlty for' -

rmrntenance purpose S

5.1 Maintenance Database of the Tokyo Metrop(')iitan'Express;Ways Authority

The maintenance database of tle Tokyo ‘Metropolitan Expressways Authority was
establrshed in order 10 use with the mamtemnce system of the authorrty It was basically
: developed on the mrero computer However the capabrlrty of rmero computer 18 lrmrted |
: :thercfore some parts such as drawmgs, have 1o be developed on ‘the marnframe computer

and then lmked together

: Accordmg fo the capabrlrty of the micro- computer, the mamtenance database was
separated mto two major parts database and drawmg The database contammg basic _
mfornnuon Iustorrcal data and cte was developed or] the micro- computer using Dbase

| i plus whteh is conveniént for updatmg In the case of drawmg, it needs to be developed

|92
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on thc mamframc computcr due lo a hrgc mcmory an(I graphtcal prcscntatron reqmrement
it was, thcrcforc dcveloped undef CAD system, (Computer Alded DcS|gn) It is: normally )
avaulablc as a rcsu!t of dcelgn works ‘I hc contents of thc (Iatabase arc shown in tho Fablc -
5 1 . _ : e _ R

sz .Mmmamgl)ta as f'jh¢__%’1‘>i- |
_ LTA has not developcd the mamtenance database systcm yet due to that the age of '

_ thc Flrst Stage Expressway (I*ES) is m the early stage In ordor to devclop thc m'nnlenancc.

*system t"or the ,’IA the mamtenancc database avallabllrty in the b‘I‘A was mvest:gated m .

‘companson to tho database of the Tokyo Metropoirtan Expressways Authorlty e‘

followmg are (ilscussuons on the results of - mveshgauon
- 5.2.1 Procurement Record: File

- Procurement Records "

 The procurement records for construchon and repatr of the PES _
each responstblc leISlOI’l and also kept in the Procurement Section of Supply and Household

Division. lhey are currently not kept in systcm yet (Iue to staff shortage
- Contracts

’lhc contracts for both conslruction and repalr work are in the Fxpressway System

Dmsron The conlracls for the I‘ll‘Sl Stage Expressway was sc,paratcd by route 'tllgnment into !

C 4 sections as follows

l. Bang Na - I’ortScctioui

2 Din Dacng - Port Secuon _ } o
3. Dao Kanong Port Sccnon (Portlon of the C‘Ino Phya R:ver Crossmg Excludecl) |

4 Dao Kanong - Port Scctron (Ch’l() Phya R:ver Crossmg at Wat Sal)
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) Table 5.1 Contents of Main;é'nmi'c_c Database of the Tokyo Mc’tro‘polita_n' Expressway Authority

TTypeL
| 1. Procirement -+ | Procurement, Contreat, Mddiﬁcatio‘n- - | Database
R(,COI’d Fllb . : o ' g
2. Stxjuc_t,ti"rc _Fllc - 121 Bas¢File . Database

~ Basic aligninent, accesorics
2.1.1Basic mamigc'ma;nt drawing |cAD
. R ) I‘Ioorl‘llu N ‘ - | Database
Basic structure, ﬂoor smngcr, '
“edge reinforeg, railing reinforce,
iailing paint; drainage repair

221 loor feinforce drawing - {CAD

ZZ.ZRai!ing-reiﬁfdrccd_rawin‘g' .. |CAD
23 SupbrstructulcFrlc . o - Ijat_aba:sé

-Basic structurc, flexible joint,
ant tail dwicc support pod

'2313tb¢11’100[’ti1b o o | Database .

J2s2pTEE 0 L ' . | Database .
2.3.3 Anti~fall maintenance drawmg . CAD
23.4RC. beam photofile - - .. - { Databasc
2.4 Foundanon File. : B Databas@‘f: )
" Basic structurc ‘ '
2.4.'1RC pillar photo file ' | - |Database’
2.5 Accesorics File - B Database

' Moise barrier, nois¢ absorbant board,
- central divider, fence

2.5, 1Acccs()ries maintenance drawing CAD

2.6 Attached Facility File o Database .

 Emergency exit, open space, e
cinergeney staircase, weaving scction,

: umrgcncy parkmg, toll l)ooth, sxgn posts

2.6.1Sign p()SlS_lIlElll‘l(L_l‘Iﬂ_lle drawmg ) . |cap
: 2. _Cléanin_g Work Filc' : ' Database
L L ' - :2.8 _Grcqnu Arca File o L _ Database |



Sb

3, Maintenarice Work File

3 1. IPachpnt managcmbnt dr’twang
. 3 1. 2Pavcm<,nt work ordu managmwnt drawmg

3. 1 Pavumnt Flh,
Pavc:mnt stiicture; hlstory

3.2 Paint Fllc
Pamt Structurc, hlstory

Typc_ N

v _D_ata__hasc N

HeApt

cAD

| Database -

4.3 RC Structurc Inspl,ction Fli(,
Supcrstructnro, pllfar

4 4 Support Pod Inspccnon File

3.2.1 Paint drawing o CAD.
LatcSt'paint stfﬂctu'rc- .
3. ’% Damagu Rt,palr File Database |
. i Damagc d‘ila - L . '
4. Tnispection Work File RC r loor Inspwtlon I |lc Da‘tabra_'sc' '
T Photous duhi!s w Co
| 4 2 Stu,! Structur:, Inspwtlon F:l(, Databasc
Floor suporstructm e,. p:llar FERRI
. 4 2 lFahquc damago tllc Database

- | Databasc, ||

Databasc

45 Sign Post Inspection File ™

Databasé




) Bing Na - Port Section

v

Thete fre 6 contracts for the Bang Na - Poit Séction as réiiéy#s:

Contract 1o 1 from I\.&bClllka] Road fo SuLhumvxt 50
Co‘ntract no. 2 from Sul\hu:mn 50 10 B«pg Na

- Contract 1o, 3 Bang Na Intcrc'lango ' '
Contract 7o, 4 Toll Buildings. .

C’b'nlract no. 41 l Cen;ral Admanlslratlon Bulldlng

j Cbru'rac_t‘t'zo 5 Rlettric and MaCh?J‘I]CS for Foll Booth

Contract no, 6 Ltghimf, and S:onals
() Din Dacng - Port Seetion
Theic are 6 contracts as follows:

B Conlracl no. | from Din Daet 2 10 Mmasan
" Contrdct 1 no 2 =Makasaﬂ to Rama IV ‘
Coattaet Ho. 3 ‘Poii Section
Contrz{c} no. 4 ToN Blu]dmos
Contract .nn.‘S Blectric and Mxhamcs for 'loll Booth

o Contract no. 6 Lmhunv :md Swm's
{3} Dao I\’adong - Port Section .
" “There aré 6 contracts as follows:

© 7 Contract o, 1 ‘rom I'ang meh to Saihu P: adﬂ
”'Contract no 2 from Sathu Pradit to Bangkok Approach of Rama IX. Bndgc
. Commct__no.}_S from Suksawat Tterchange (o Dao Kanong
. '_Coniract‘._no 4 Dao Kanong Interchange |
' "Co’riiraét'no 4A Dao l\anong Interchangc Addendum
~ Contract 10, "5 I:Iecmc and Mechanics for Toll Booih
Comract no. ; 6 L.ghung and .Slonals



“4) Dao Kanong - Port Section (Chao Phya River Crossing at Wat Sai)
* There are 4 contracts as follows:

Contract no. | Cablc—Siayyd Bndge o
Contract no. 2 1!10|1b1|r| Approach Brl(lge | '
: C‘ontract no, 3 Bangkok Approach Bndgc

Contract no. 4 Suksawal Intcrchange
All contracts are kept inj'lh_e Supply and Houschold Division,
Lach contract has attached drawing c'ﬂlcd con(ract drawmg Durmg the construcuon |

" period, some contract (irawmgs such as utllmes at gradc cxpressway, acccss road and elc,;

. have been modified in corrcspondcncc to the actual construcnon works Thcse mochﬁcd

drawmg called as- bmll drawmgs and lhcy h'we been used as refercncc mstead of contract -~ -

drawmg

Secnons l 2, and 3 are under he responsmlhty of lhe Expressway Mamtcnancc
. Section of the Maintenance Dmsnon Whilst section 4 1s under {he Rama. IX Bridge
: Mamlcnance Section. The drawmgs of cach section are, thercforc, kept at the Admmlsimhon-
Office of cach section according (o thmr res;}onmb:lmes However, Thcse drawmgs were
prepared by the consultant in two sizes; half size and full sized, "The half sue drawmgs have
ralhcr been used due to their convcmenCe for. carrymg ’1hey are kcpt in the Exprcssway-_

System PI’O_]CCt Ofnce and in cach relevant dms;on
Aparl of these deJngs there are. drawmgs for repalr comracts such as pavement

repair, repainting, traffic sign mstatlatmn an(l etc, They were also kept in thc same placcs '

as those major contract drawmgs
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- Modificitions’
There are’ one on- ramp and onc off ramp added o tho First Stagc Exprcssway at
Rama v road whlch led to the modlﬁcahons of the drawing of Din Daeng Port Section |
'Tho miodified drawmgs have been attachcd 0 thc ongmal drawmgs as addendum
Sample drawings are illustrated in the Appendix 6.
_5.2.2' 'Str_uoturc Tile -
- Base File

Basrc ahgnmcnts are 111ustratcd in the as—bullt drawmg of each route as a key plan,

whrle the accessorros ar¢ in lay out pian by each type-of accessories.
i Basi’o__Manageriiorr;'.ﬁx-adringi_h.z'is.r{ot: becn ugod: m Fi-]e.ETA,yet_':_-
- Floor 'r%il'g |
. The basrc structure, ﬂoor strmgor edge remforco rallmg .remforce and dramage
repair are shown inl the as-built drawmg of cach route in the structural drawmg part The

railing pamt is none existent,

~ The reinforce drawrng for ﬂoor are 1llustrated in as-built, but rallmg for FBS is

guardra1l therefore no remforcernent is needed
- = Superstructure File

Basrc struclure, ﬂexrble joint, and support pod are in as- bmit drawmg while anti-fall

.devrce is not applled for the cxpressway in Thalland

'lhere 13 only one steel floor scctlon on the Rama IX brldge, it has illustrated in as-

- bmlt drawmg of thc brldgc section,
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“The HTB file is kept in the Rama IX Bridge Mainicnance Seetion.
The anli-fall has not been used in the FES.

B ’Ihc RC bcam fihiolé_el !)a$ i;oi bccn pr_epar,e'_dr,

| — ;FOund_ati(.m Fi]c
: .'B.aéic' éiructures are :i'n' the Iéls-bu.i.l! d_'rawings of each. routc
Thc R_C piltar phot_o.E file has nol been .. pfepar.e.d..
—/\ccessoneslnle
| | Nonse bamer éxlsls m thc as-bmlt drawmg of eéch foute as conéreté bérner or median | 3 R
_ b'\mu ‘Noise barrlcr wnli be constructed more in 'wcordancc wuh noise polluuon ievcl" ‘
occurring. ' | B R '
Noxse .a.bs_olr‘benl boarcl has‘ ln_c.)l. b‘,ec.n. used i‘n‘\_lllueFl.i.S.:_;._ -
.‘Ce'ntra.l .d~iv_idé|.‘ is in fllc .aé—.{-)'ui.l;t.lclrz.lwiin;gs: irli.is.lané!_ (letai!s_ scctiqr_l..___fi '
Fence _is _i._n " I_'gin_:lic'ing‘ \(!_c':lai.ls .é)l_'. z:_\gfb_zuilt drawing.
: | ,\Cé'e:ssorie_s. maintgnané&? .drawing:ha:s nolbecn | prepared -
- At;aehe& I."aciiity.l*‘ile_ |
mergcncy exit, open space, bemérgencynslalr‘ca-se -wcavmg sécn;)‘n;.cniergency

parking, toll booth, and sign post ale 11Euslr1ted in plan view of as—buzl! drawmg w:thout_
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Sign p'qst_# maintenance drﬁWing are i.n :t'h'e 'contfact drawing for mgintehance _wo'rk.
- ‘t_:ieé_}fmgfv?ork F’_iié_

TheS; Hav§ been kept in. the Rightqf Way Mziint;en;afn(.:é Divisioni.
: ; Greén Area File

" “They have been kept in the Right of Way Maintenance Division.

523 ‘Maintenance Work File |

- Pave‘m‘ei)t Lile
‘ There is only 1nventory of pavement jOlI’Il has been prepared as an obhgatory of the
" contractors. It contams- locanon type “and hlstory of repalr n the case of pavement the

- repair records have also been kept- since they were done undcr contract basis.

_There is no pavement management drawing and pavement work order management

drawmg
- Paint F:i_le'ﬂ‘_ -
o l"“.l“h:erc_ ié no recordof p:ainét data-and .(;j'ra'wir_l.g:. f:,
e _]'Z)'am'é{g'é.'R'ép'air Filc

It is result of inspection work which has been kept in the repair form, . However,

there is no filing system for damage repair records. ,
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5.2.4 Inspccﬁo_n WQrk Filc_ o

T hcrc are mspecnon work file and photo for almost all typc of struclurc but there is

no ﬁllng syslcm for thesc mspcctlon resulls yct

5.3 An-Ap_p'r‘(ig' ch ¢b M: aintenance Database. of

As d:scusscd n the prior secuon that the E’l A has no mamtenance d']tabase formmg
as systcm yet and most of the data have not been kept i the way that. can be found casily.
It 1s lhercfore, necessary to mlroduce mamtcnance database of thc LI‘A mto step wise as

_1mmed1atc phn medlum term plan and Iong tcrm plan as follows
530 Immediate ‘f'_lah;'

The 1mmed|ale plan is to establlsh an mvemory system of all devices of the FEsS sueh
Cas beam pavement jOlllt girder bearmg unit, foundauon parapet llghtmg, trafﬁc 51gn
3 _ .pavemcnt markmg, loll booth and etc The locatnon type, .current condmon hnstory of g
repalr and ete., would be collccted and ﬁled T ' o

- The 'fbl_lowing are sample i.nventory forms for traffic sign and 1ig§1ti;}gi

Aparl of these inventory syslem ihe drawmgs should be prepared in correspondmg-
~to each inventory file (structure). I‘hcsc drawmgs w1ll be atlachcd to the mvenlory as :

reference,
The inspection and mamtenance should be mcluded in the 1|1vent0ry of each ﬁle and

also separated as. mspcction and maintenance. ﬁle for each structure for eas:ly planmng of .

inspection and mamtenance works.
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5.3.2 Medium Term Plan

" Thie medium ferm plan is to. intraduce the computer based system such as semi-
~ computerized inventory sySte'm It will ;ﬁrov'ide'er'rective utilization, accuracy and will reduce
the. amount of works on updatmg the database Thrs computerized database will be useful

f and necessary (o the mamtenance system

X At thrs stage, a m1cro computer would bc appropr:ate for esiabllshmg the systcm
’ _The software package such as Dbase. I pIUs o Dbase 1V can be use as a tool. All the
; mventory wall be coded aud mput mto the computcr while the drawmgs are on the paper.

: But however, the setial number of drawmg is needed for mput m the computer
._'T'he' foll()wmg are? sample computer Coding forrns_ for above inveitory forms, "
= '5,;3;__4' Long ;j‘e'mi _Pldlr

A fully computerued system would be mtroduced T he drawmgs will bc kcpt in the
' computer file stch as CAD Wthh wou[d reqmre a hlgh capac;ly computer Thc mainframe
" or mlm computer may be needed for developmg the system, It will be fully mterfaced with
N mamtenance systcm and other systems The appendmg, altering; and delenng works for both -

| .database and drawmg w:ll bc able to be donc automatlcally

_ 'This systcm' will '.r"equir‘e'a large'budget and will' ta'ke'tong timc' to complete the
system However, whcn the expressway syslem is expanded in. the near fulure this system
fwxll be needed In addmon to that the labor force shortage would be continued fmd even

' more severe in thc future.
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