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1. BXDE=

(1) EXEREICHE T IARREOR KRR U= —XDHER
@ FEXREEOBUE - BFOHR

SEREETH L XA EHIX, REEDZ AR, = OMES, ~ L —iE, (IHEDERRES
WCE VB ENZEFZTHY, AL 6,796 B A (20154 : [HBIT—H 7 >~ 7) THET
U7 EMS (ASEAN : Association of South-East Asian Nations) O CA » R 7, 7
4 VY, REFAIZRWTAFRBEOETH D, KEHE 5D HLH5E VR (HE) (A
) O TIIEECIMUTIRBMOM L TH D, ERN MR ELED TOFIEED
T—=IR T Ry ¥T—h (FIRY) EEHN 2016 4F 10 A 13 HIZHEI L, [F4F 12
A1RICVTFI—ura—rRNEEICEWL Lz, ;i 58 14% 0 2017410 A 26 H,
Ny ay OEBEFIAGCERE Stk ChEEHEAD(MTh, BRI S, 1 BUF
IR 10 A 29 H AL CIREMIMIN K T LI 2 ES Lz, 72, XA BERITFEFITH
A ChH L Z L TaLNTEY, BEIEEELHOLIZE < O HREENBIHITHELN LT
% o BT CIIHUEGHERE . Wy sthih, AFZERRSE & W\ o T2 BE & & A [ENCER LT 5 72 &L ASEAN
DOHFME E LTEZDEELHML VD,

THEDBIAETEZ L LT, 2006 EEN L DX 7 AR EREZ 7 3 Rk E DBHREINK
BAEBH TV D, 2006 4 9 A, 2001 FFLICKRBUEZH > TWe & 7 o VEHEIZ KT L T
& 72877 (PAD : People’s Alliancefor Democracy, FET38 AREA, @FFE S v -
TN—T) OFEIFENL L, EHICK D7 —FT ¥ —0NRAE L, TOH%, AT7=2v b
W EBEHED T C 2007 4F 12 HIZfThivie FRMEEICB W TE, B 7 v ko TEER
DHR) BEH LR LR Y~y 7 BOHENKSL L7223, PAD 2 K 2 SBURFIEE) A OVE %
L7, 20084 9 HIZix, vy 7 gHITEEEMFr ORI L 0 KRR L, Y AT v A
EHNBHMEZ NS, Lov L, [F4E 12 AICIXRE 2 &t EHEGE 3 50 OE LR T
\C L DRI T EN, Y AT v A BHETAE L, Znai), HES 5504
HEZBEL L, BRE LXOREREZEETHT vy NEWENBNLESNIZbDD, X7
VU E R Z T %% ) (UDD : United Front of Democracy Against Dictatorship, [Zl#k
FEHR, @R v Y« 70— IeETTEEE A BT 5 X )1t/ o7, UDD (2
X2 KBURT 132 D% bkt L. 2009 4= 3 A IZIF/ 3% ¥ T ASEAN B 5 M8 03 ik
HNZIBVWIAE N, S BIT, Z 7 T EHOBRTE PE DV LR D mlEHIM 2 2% & LT
2010 4= 3 A2 H1L UDD (2 L 28BN CORBUNFT ER IR L, [ 4 A R ON5 AICIRZE Y
& & UDD 23822, AN 14 % &Te 004 DL EDSEE . £ 1,400 4 OAEH & 3 FHRe L 7
ST, 20115 H, 7Yy MEMIETREAMEE L., A4 7 HICIERIEED T 203,
B 2 A BERE S AR A S L CIBRI L, ¥ 7 VU EHEORK TH DA T v Y
KAEEIEE U CRSE 2 & 3 58T BN RN LT,

A 2T v 7 BOHEIZ BT 2012 5% U C HLl 22 T8 19 72 BOMETE & A3 F2hi S AL 7= 23, 2013
T2 D E BT KRB A > 7 T 3R D 72D O AN K2R BRI E T L, [FAF 11
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A ARBNTEEIT AR SN2 KBUERIZ I D 2 E TRIE L TV BUE A L& T B
NTEPEZDZ Lo, TOXIRRNEZT, ATy 7 HEHITFESE 12 HOT
Befitk, 2014 4F 2 A ONKBUNT EEROIFEIC L 28 F O, 5 HOABE DO NEREIC
BT DHMEELHIC K 0 KI5, Z20tk, 7—F X —IcXvEELPLETD TEFEERER
FriERiaTa%2 (NCPO : National Council for Peaceand Order) | N EFEIGHED ER 2 B S L.
BUE £ CHEBHEC X 2 AR ZE RGBS HN T\ D, 7235, 2017 4F 4 H 7 BIZHT#
ENAAR S, RIBITSNTZ, ZOX 512, ZAEIZBUROZLEDE CRELE 2N
5H, RFREE LW ASEAN GEEIOHF CTHLHLINRFIETHY . 5B AREEZDTT Y
T U X DICEAR - BREFEHINCETE - BEL T 2DIch, ¥ A BERRETBIRRO%
HIREWEF A D,

H A EL, LE LERFRO T, o7 T HEOTTHHEITLTRELZZ T &2
ED—>2Th s, 1997 F£O7T U7 @ik, 2008 FD Y —~ v a v 7 &3 b3 54
FlfEi%, 2011 4 FHNCIEAE Lo KUK ORI L0 | 1997 4F, 1998 47, 2009 4 (Tid~ A
FAREZTRE LTS O, 1990 4-~2016 £ GDP i & O FHHERIT 45% & ZER
W EEFT T (ML) . 201540 % A [E 0> GDP 134 3952 & KL CTH Y . H T
T TIEA Y RRUTICIRSRBEFETH D & L bz, BAROIUMN EIFIEFR CRF BT
LD, FFEO—ANYG7-0 D GDP L5742 KL THY, BEOH RO T, T4A, I
ve— X @ENICE WK, PEEE SNABFEKEY L — I TITHA S & KRR K
H¥Ths,

15

A4 FH# 4.5% (1990~2016 &)
B
s I /N
N

SRRV

B AT 1.2% (1990~2016 %)

—BAx —54

-15

1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016

HLFT : IMF - World Economic Outlook Databases (2017 4 4 A i)

11 ZAEHE BADOIFE GDP kERDOHER (1990 4-~2016 4F)

Q HENFHICHITLHREE
1) iU PLEEEY
HAEIZEIT D18 - RO - MEFFE L. EiE (MOT : Ministry of Transport)
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BEETICH D EHOMBIC X » TYiThhTW\W5, [EiE (Nationa Highway) K& OE— % —
7 = A (Motorway) DEZITEREEK R (DOH : Department of Highways) . =iidiE i
(Expressway) DIEZIT 4 A mdE /A E (EXAT : Expressway Authority of Thailand)
5B M ORERIT 5 E )R (DRR : Department of Rural Roads) % OV 5 (Local
Government) NEHELTWD (X 1258)

[y
]
it

EENRDER

DOH | » E& (National Road) & U E—%—7x 1 (Motorway) D1E 2

DRR | » tAEBEOBRIAVTRED)

EXAT | » BE3EER (Expressway) DIGE

1 . 3
Eﬂ;;g* > WHEBROER

HUAT « AR ERR
1.2 XA EOREG:OEFE

DOH i34 A & toFEEK %~ vV —72 (Nationad Highway & Motorway) D&% &
OMEFFE LAY LT %, DOH DHERFE P L TV 2R EUTA) 15000 I TH D | 1
ZOMIERITH 713.2Km THh 5 (2014 FHEA) ., DOH ARG THERMERFE 2 L T
WD DIIREREFRES (Bureau of Bridge Construction) T ¥ . BL{EK) 40 4 OEATE HE
LT\, E£72, BRO B FNe S8 - HEFFEBEIC O WL, 2EIC 4 2T ET 5
& P BT (Bridge Center) 23#H4 LTV 5,

2)  DOH I & A& RHEFFE B O BLIR
a  BROBUIR

2 A ENZB T HRERERRIE 1980 A DEEAIITDIL, BIEIZE > Tnd, N ay
EIZBW T, KHEOBITHARE SN TWEH 720, BROHIL - BEOLERFINT
& L IBFERE I DR R T e < BEFOBRORE S IR R TH D, K L3 TR
Koz, APFEOKIGHEEI Th H DOH OEFFMER T, dakth 30 L EOBROEKM
EEROKI U3 2 HDTEY, BEROVEENIK 246 FETH D, LvL, BIETHLH A H
MOBORE U TEE - IBROFBARICEANPEINTEY, EEBEEAMICEDLS
BRZRFHGIEAEL TWRWoD, BRHERE BRI 2 a0 B.O0BRE O Bk
BWORERTH 5,

! Bridge Center 1: Phichit (4£#8). Bridge Center 2: Khon Kean (¥AL#). Bridge Center 3: Pathum
Thani (#3%5). Bridge Center 4: Nakhon Si Thammarat (F5#%6)
3
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mEER%0-104F
m i 1£10-205
B B 1%20-30%
B EE%30-40F
B E5%1%40-50F
B EE%50-604F
B E2E1%60-704
R N: ]

T : DOH, BMMS L' 7R— |

[X11.3 DOHMNWEHT HAERLOEREERFELERIEEE (201442 H BifE)

b) IERHEFEELL 25 4 (BMMS : Bridge Maintenance and Management System)
(7) BHIEORHE &

DOH [ZHIfE, M H D BMMS % fif > TR OHMERFE 24T > T\ 5, BMMS X 1988 4=
D 1992 FEZNT CTT v~ — 7 BUR D SHARIZ K > THAINTZ DDA TH %53, DOS
(Disk Operating System) ki T o 7=/ 2 v B 2 —Z DGR 2 WEREIZ & - T
ZRTOBHELL, BREOERTP IR, Z0%, 2011 4F025 2012 FFI2hT T
DOH 73 Kasetsart K#IZZ5E L C BMMS O F 3 21T\, 2012 4F 8 A IZH LV BMMS
DEM LT, ZOVAT ATy =7 ETCEHEMTbIL, #HEEHR 27 L (GIS:
Geographic Information System) (Zxtiz L CH Y | SAEBROERZ A 7, $EF RF. 22
Wi, EROBEENSEOFRAEIT S 2 LIS 0 EEEEEEITV., @Y AR
Pl a A P THIEZITH) Z L2 AME LTWWD, £72 20134E(21F, # 7 L v MRM S
BMMSIZT 7 BALTCT—H# DX v ra— RLEFENTES [IBRIDGE] 234Mif=
Pz bt (IMMSH) 12X > TR &, BIfEDOH X 255D ¥ 7 Ly Mink%
A L, BGRB8 8ICEH L Tnb, BMMS ~O ANIHHE & LCE, g a— K,
R4, BIG2 A7 ()ING, BESE) | ZRGAE. B4, BE. R TIERXERH
D, ZNHOREAREFERE L HICHEET — AT — X 2 RGETHIENTE D, 272
L., ZRIFETHAETH D, VT4 BOX H/L3— b L HERE O EFL0HE 5 ) R ER &
NTEY ., 2016 £ S ITHEZITN 2 T BOX A /L3— k EBBEBICHOWVTH BMMSIZ X
HEBBIEE > TS,



HFT : DOH
1.4 BMMS 0 VI i

(1) A0 BMMS B B3

(V7 ho=T®E] . Ih—Fo=70O8H] . [AMEKR &9 3 >OMlif)
5. BMMS O BESCBRE ~D b L—=0 7 PEf STV 5, DOH I34% b 5] i X
BMMS OB 21T HFtHZ T THY, FRUBRAFILTOLDOTH S,

7Ly b (0 F A7 V=) 10 H/hESBGTORERED WK (74

VFRAIT Y= DAY — T F ) ~ORE

R ~HEBIE~RIT R 2 £ CERRIITRIRT D44 LT A UHEREDBMN

Arc GIS ~D—AAt (FI{EIX Google GIS 72 EHEZ®HE LTV 523, 41X MOT

DFFHT ArcGIS N LR & 72 D 728)

DOH WOMERENETH v AT & (EREHEBRSCZEET — X0 E) LDV v

I\ LD RILA

(EHIMGE & LC) EXAT 72 SMoFEEEO T —2 L0V v 7 RO #LE

BMMS ORI, BRONTZAB L FHEOPTL Y IRARHEEFEFLAZIT ) 720

FIEMBROEBRNOERITEZETOTIA THA I NEERELEHTHTA 7*)‘4’7
5



XY AL N O TTOMEFE L2 I L7V &V ) DOH O EHZFESW T3
fENbHHDTH D,

HiFT : DOH. 20134E10H s (/£ : iBRIDGEDfE HEICE T %z, £ BLEIZBIT 5
OJT)
X1.5 HEFFEEIRE~O N L —=2 7 O+

(V) BMMS DFie

BMMS OF — X [IAK, MERFE B2 X N OB HSCHIET DG OESEIRML A, B8 (1
) ORRLT, PRM (54, 10 4F5E) OMEFEBEIIZRET D2BRITEN S NS b
DTHD, L LBIEIL, 227 U — hOFHLOEIT FRICET 2 Fnik/e £7° DOH 2R
ELTWDH D, EOREITHSITIEH STV 7220,

%72 .DOH 23E BT 5 15,0006 53 D7 — Z 1L—18 Y BMMSWIZEEBE I LTV 5203,
ANERROTZDIZEMPNERAE BRI D3I - TORW, £, G4, ek
BEKGALIE 72 EOREARERITEIHIN TV D 00, OUEINT —% 72 EhEHFHE %27
THETHELRDT XTI HIEB I TV, 5% BMMS 2830233 5 72
HIZIE, DOH BB O S om B, L TRNCEE T 2 mkom b, figail L o7
XX N T AT Ry T A NET) I ER, REABESADINBRFIZL D v T —
DRBEA O BLENRD D,

) BRR~=a 7V, e~ =2 7V ROV R FE

XA ENIZIE, B - BRI 28 - i L - MERFEE O RESC~Y = 2 T MEE < FF
EL EREHE = L2 R22 D A > T 5, DOH I3HRAE, 512 AASHTO JLYER ACI
Building Code 123\ Ca Pz v bt (IMMSHE) 2MERR Lo i~ == 7 /L L4l
BIE~=a TV affoTND,

RIR~=27 k5 e BB 2 RmE B IX EEL, ML, EELREHERLRE
KTEF L EHADH D, TD 5 HLOUERUCE L TiE, @HOOUE ., #F O OUEI,
RO OVER, HEFMOODNEIND 4 72 A4 FIZHEINTWD, ZREND HEREH
ERRAHNTHIWT L, B4 % OCR (Overall Condition Rating) &\ 9 FEIE 2 i > CTH
ET D, OCRIZL-UL 025 5 ETD 6 BTNt TH Y., b AR bERKELR

6



L. OIFHEENH LA TEARVIREE (RITERZ DN MLERIREE) 2T, kT 5k9
12, OCR DEIZ L » THBBE N R/ > TEY | £72 OCR DEA/IN S UMEZ ) LS
ICHHER BRI D, K162 T X912, DOH BEF L TW5 14,939 DN, £ 62%I1
H72% 9192 1573 OCR=3LLF (3, 2. 1. 0) DFRICHFEHEINTWD, 2B, ThEh
DIEZD OCR X GIS~ v 7 L TEA T SNIIREETCE/REN D720, EOHIKIC & o
FEOBEBRNGFEL TNDDOMNnE—H CTHERET 2 Z ENARETH 5,

HiFT : DOH

1.6 DOHEEET DIBROEAE (OCR)

d BROSBRYIE

DOH OFR A7k E LTk, LUFO 3FENBEE S TW5D, TNEND R
[ZBI L C BMMS LEE) L CTEENMTDONTWD, 2B, a7 U —hOOUERIZOWN
T BERRLDOET %27 7 v 7 A r— L TREANICHAIENATWD DD, BMMSHT
DT~y TOBEBIIITHONL TRV, Lo T, Ak - BIEOREBIESOMIE & DLt
B ZITO 2 L3 L <, HEEHROSITH L THIE R SN TWRWVORBIKRTH 5,

(7) H# A (Routine Inspection)
#1750 Bridge Center DRk E MBS THRM AT 9, smURBEE X, 42 %2 R3 OCR OfE
7



M3LLT (3, 2, 1. 0) OBRIXLFIC—EOHET, 72 OCR DfE 4LL L (4, 5)
DOERIT 2 FIC—EOBE TR EFEREIT) 2L LN TWD, RIEDOHIES LTL,
M 17 17" L9112, BROLRTEEY 3 FH1ORE LT BMMSIZIRFL, & LEAE
MBHIULE DL, S, & 2 HZE L TBMMSIZATIT 5,

7T : DOH

1.7 Routine Inspection!{Z B3~ 2 BMMS O i dk |

(1) FARSH (Principle Inspection)

Bridge Center & /1 C & B & 22 Bk B S AR 2 124 -5, SRS IL, OCR OffEA 3
UL FOFERIT 4 SR —FEOBEE T, £7- OCR OEN 4 LI EDOKEZIT 6 £10—FE DS
THRREFEREATO 2 E SN TS, RO IFEIE, K 18IT/RT X 512, M, L5
T, BESEETOEMOBEEAZHRE LT BMMSIZREFE L., b LIBEN HALEZ OHIES
DEEZ BMMSIZIRIET 5 & & HIZHEORBREIZOWTDOa A M ATIT 5,

tH P : DOH

1.8 Principle Inspection(Z B892 BMMS O it dk i

(V) FERSRE (Specia Inspection)
PR D KERAERFIHEEZZ T IBREZ R, DOH KGN = v v ha
B2 EOEMFENFEMEARZIEmL TLAR—NMIE Y £, BMMS (255
(PDF 7 —%) #HRfGFT25 & Lbic, HEDFEKGMHAT S,
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e HBEICET o0 - FHE Ik
BMMS %> TLL T D 4 DD 5587 « FHIETHIL TN 5,

(7)) B3R E B ETHE R E  (Bridge maintenance preparation)
HETEOBRE N TEEHORHNEE TITh D, T OMMLE L 7o HREEE 72
EEFANTENTHZ LTS, bS5 %Z DOH AL DT — X N— R
Berd 5 L2 E V| ZORREBHERROELIANAHT I KM SN DA L 7o T
W5,

(1) HHEEEE DTS (Repair Report)
ERBE SNTHE T, fMiflENE %2 BMMS [Ziddk L CHRERNZ T v 75— b
HZ LIk, BAEROBNE EMIERT DA/ > TS,

(V) it & FHamOFEL  (Evaluation of load capacity and remaining life of bridge)
BMMS (233 Cliitfaf L. DO K & X13”Load rating factor” &\ 5 fRIE CRHi S, DK
il L R OFERIZ K> THEMPFHAEIN DA L o TN D,



[%-1 DYEK]

[#-2 oHEK]
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[%-3 DHEK]

AT : DOH

X1.9 54T « B 5 VEIZBE 9 5 BMMS O 2% 7 [ ]

f)  WEBROESIEN AT
BMMS Z iy, LLFD 5 >DOHEFEZEE L CHE DEEIBN AT M Thh T b,

(77) Weighted Critical Damage Rating (WCDR)

WCDR 3B OHREE 2 R HEE L LTHOW LR TEY . ZOENAKEWIBIZEHEED
BENKENIEZEKRL, BEEMICHESNOIBRIANMIVA N v TIN5k
(2722, W2, OCR DIENKE L 7251 E, WCDR OfEIZ/NE< b L WH BRICH D

(WCDR D=5 - OCR D) .

(1) =
BRAHAEREEW®R L, BEPFIHCTERL om0 BEORK/INE L TEHEES
NHEETH S, WCDRIZXIT HFM & L TEDILTWV D,

(V) BRI
BHROBEEE L L TEEINDIEETHY  BIRESN/ NS WERIZEEEENE,
WCDR [Zx}T 2 & L CTEDIL TV 5,

(=) e

WETHRENERESN TP LIMEE TOMERSNRPSTHHOZ L THY, D
FHZRIHAE D Z T TEARELCHRG B S OEITEEWVWEZET 5 D TH S, WCDR X
TORKE L T TN D,

(F) ERAMfE (Bridge Vaue)
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JESL B EY & U COMIEN & DGR, TBEE & ¥ A L 28T D637 £ DOH
DGR BERIAES S 5 E B LTSS ICB B S NDIEETH D, 2O X D B RITE
WA NRRIEECTEHIND Z EBRD LN TNDH =D, BEEMICHiEI D Z L7k
S TW5,

[#-109EK]
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[F-2004EK(H)

[#-304EK(A)

7T : DOH

X1.10  FHEREZR OESENARAT T I B3~ 2 BMMS O 27 Hi [

g HERFEHETH

DOH 12331 AAERHERFE P P EEIR £ T 7 v —% [ 111 1273, G & s %o
ik B S Bl URR & BRI 24TV, DOH ATk L CTREE T 5, D% DOH
AEOEEOTHEZEZRY £ O TREKEL, BUFOTRBEICIEHE L, AGRKZIZHAER
HICH SN AL TH D,
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[ 2 E4H FrDBridge Center ]

i miR, BSHE. FPEREE J

l%§§®¥E$
[ DOHA% (Bureau of Bridge Construction) ]
FEEOERIL J
l B~ RH
[ BEDFER ]

FIvy &ER J

!

FHECHR ]

&

HAT : DOH ~D b 7 U o> 7 X 0 JEMER

1.11 DOHODIERMEFFE BT RES 7 0 —

#Z 1L1ITRT X 512, DOH @ 2016 FFOAFIHERFE BL P HI3H) 259 B3 — (GEIK. 16
24 ThY, ZIHEA R THAERTEO 4 BFi%OSEINER - BROMERE O
THRIZETHNATWS, L LEBICIE, TOIFEE A EDNEROMERFE . (GHE0mME 7
E) ODEOOFTHETHY, BROMBEHIZIIVEOTE LB I N TW R0V RN E
KTHD, 7=, DOH PEET HIEKIEE DK 67,510km THHD T, 1km K70 %)
384,000 N—> (=113 i) &7¢%, BAROYA ., EHILREE OBEEEED 1FRO
1km 2472 0 O EHIMERFE B FH IR0 1,000 5 (MEE NG TH Tl ANEAZE)
FE20124E9 A B L VEIH) THDHDT, HAD 1EREDTH LRSI TN RND
ENbnrs,

#1.1 DOHOERMTH (GEF. fHRdh)

o TR B 5 Y)
= BB | AR Z Ot et
20,498.2 52,966.3
2013 12,110.4 (39%) 20,357.7 (100%)
22,390.3 53,179.2
2014 12,550.7 (42%) 18,238.2 (100%)
23,837.0 54,549.8
2015 11,086.0 (44%) 19,626.8 (100%)
25,902.4 71,922.7
2016 22,7975 (36%) 23222.8 (100%)

HAT : DOH ~» v 7 U v 7 X v JaEEH1ER
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- DOH OEBHEGR D 9 &, HExtk 30 FLL RO
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DEHS A+ THD, ZORE., FERIREMD
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HEIZIZESSE RS0 . EIRNBAL T OfEHME

DR % 3 TR WO IRIA O AT ARSCRE S AR 0 =

Y7 U= NE BIEEATIC AN D LB TS
LbD0D, DL OMIENRA LD & HERBIT A
EEPEN K OANMICED S &0 R @O SR E
TEMTESENTRUY,
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FHE - FEICK 55T
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a7 ) — MIOWENNRETIERLE L TTEEOLONH D, IREELH
RO B ZZ I WH A EHOLA, BEHELRBEICI 240KV IRLIZED
S CHENBREIND (157 NEERTHD EE2 LD, RAHEASREN SO
BORBIL, HERIC) Db S TN X DR EHTOBRED SHBNEETH Y |
KIFRL ARG 2 B LT 2 I O OEIN O R 2 RAE RO EHI$ 2 Hil 0B 15234
FEThD, ZOXHIRREOL &, BERINZIRONIZTRNTTE 2 NECHEPT 4 5
AT LTS E NS ORBURTH DM, HEFFEEOH D RZ BN IBENG X A
EOBIRZGHTT 5 & BRICRAE LTEAREAE SO E £ &2 THRRERHERRE
PTONTWAHZ ELRERMEO1S>THD EE XD, HIEXAEHIZBW It T
WD BB R ETIHERFE B CIX, REL LIEERREL - HEOLEMMIED G L LT
%o ZDOTFIETIIMESRIGRE N DI VB CIIRE AL 2 D WEiER - B
BN ABOWESROEINFENZEEIZ > TV, RO FPENTRINT 5729
ZHERNENLAHT 24T 9 2 & &2 08, *HbzELEY L TEKRRSLL - 5% E il
D RKEMHIC RN EENNH D,

AART A U AEOYEE T, %< ORBBFRIICEHE L, Wil HEHs LE
Y72 B RGIERENCEIN LT 2 b T, OB ARTEOER L\ ) FREICERE LT
BY . ZAENFRCE CMEZZ D Z 822 5 WREMEIIMRD TEv, A [k
T 570 BUEJEHEREARRANICI AN T D [ PRIRARIERE ) & 5505
AT RETHD, ZOLDICEES. MRS OBMM b L EAm AR X
Th b,

Q@ ExEHEOHEE. BEX NXBEREL) S TEHE

AAERICBT2E2ELVVOREKET T oL LTE, TERRFELSEEEE (The
National Economic and Social Development Plan) | 23% %, TEZRRF 2B (X[E
FRRF BT (The National Economic and Social Development Board: NESDB) 73 ER%
L. NEIC KD ARES N, Brm & LTRMESND, BUTOH+ KGN, 2017~2021 4
ZEFEIARI & L, $Flcfhoo ASEAN FEE & ol (277 4 BT ) OF{LICEEL
T, HBER AR Y N — 27 BHEOEEMENTERINTND 00, ZoF TILEE - F%
OHEFFEEICET 2 BORICOWTIIFFICRRIR ST, XA R T0OEK, WiE, 8
B, L2 EZLRTORZESR Y MU — 27 OFKEHEIL DOH o Eif#iik Cd 5 MOT WD
AIMECR - #HE=E (OTP: Office of Transport and Traffic Policy and Planning) T J7 #7237 %
LA, BUFFICIRH S D, Lo T, B iR-CHTER 2 G EER Yy NV — 7 Ok
st EIL OTP D JF#HHE D Z L1272 D, OTP L MOT DIk & A5@ T AT LB DA
FHE (2011~2020) #3E L CH Y, DOH 7 & OB K E T OTP o F#Hzhit~ T
BBV M OWERFE ELIC B 5 THRIRE - Bl A2 T > T 5,

%7~ .MOT % 2016 4 12 A |Z”TRANSPORT INFRASTRUCTURE INVESTMENT ACTION
PLAN 20177&3KELTWD (M 112EH) , ZoHT, B ey=r FELT36D
TuYxr MRFEES, % 25593 5 RAOTRERNH ESHTW5D, TONDIER
SEICEE LTI, B TEOK 187% 1H7=5F 4718 BT KVOFHETE >O7 Y
=7 FREEESHTHDER, WTFRbEBOFHR a2/ b THDH, b THEROM
i, BEOEZ TR THAL2DIT 1HILLT, ~R#EHE (PPP: Public Private Partnership)
D) VAFEE T, ZOMK 23 13t K — 5 OERSLEE L W o 2 EOMEEIC L VIS
FETH D,
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HPT : MOT AR — LR —3

1.12 TRANSPORT INFRASTRUCTURE INVESTMENT ACTION PLAN 2017

@ EXEBEOXNRAIFIZHT2 ODAZXDEFLTRE UM FF—D 04T
1) ¥ AEIZET D HAD ODA OB

& A ENZRHT AN E O ODA 1%, 1954 FAZHAMH I & LT A EnbiHMER 2517
A= Z LIChAE D, 1968 4EIZ [ {ak. 1970 4RI IEME & 4 1 11 3B G (1993 4R % ¢ -
T 7ay=r NMEHEREW TR S, XA EORFREETAEEO FHH
BROFRERBICRE < HRL TE 7, T EIE, Z A EIC & » THRO ODA k5[5 (B )
Lo TW5b, ITFEOMRE O & A ERIERERFEE A K 1.3 KUK 141277,

ODA DFREAFEHE LT, THREEH) S — N — v TN HES < W7 OFI) 4% 13 K OV Hieg
FRADOEBROHELE | MBITF BTN D, T E & X A OEA « B3 - 2R CTORRE
BR A F 2 7RIS R — N — 3w IS & . BT ORZEHEHEIZ S 72 ) D) % HE
HF 5L L HIT, ASEAN - A 3V HUROBBO L 7= RIBICERT S Z E D EEE S
TW5,
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® 1.3 BEOR S A ERIEERN R (FEH) 2

HIAT « SVESE BB 428) (ODA) [EHIT — % % 2016

# 14 EHREOXRZ A EEEERFEE (OECD/DAC i HLHE) 3

HIAT - SVEE BUR B 428) (ODA) [ERIT — 4 4 2016

2) HREWITRIT D AAKRD ODA F3EDEH| 4T

AAEDA 7 THBICBITHZNETOHAD ODA DEFZIZEFICLL . AEEE
%ﬁ(ﬁ%ﬁ)_ibﬁ%(beT/%%&vaf7 LZEHE) | N a T NGO
T8 (MRT) . SHOEKR., WIB%REL A 7 FHERDEHR SN TS, 1960 105
NOIRE S T BEEEW ) (FER) 2LV, BEROATRICLERA 7 T OFFREE N
HIEICEDETITONTETRBY, YAMEOBRBICKESEHBMLTEZEE 25, EHF

AN cté
-2 2011 4E~2014 FEFE O BT, AARKOHENHAOEETH Y . 2015 4EFE D AR 2K T
WTIEERIT CTH 2720, JCA EEDOHER LTS, () WIZICA BEM L TV DI IO FERBRORE & 72o
T\,
-3 WEHADBGR L, BB —E LRI Enb D,

Syk-1: [EBSHERE 2@ UM 5IC SV TIE, 2006 4R L Y | HUIHERC 5L O EBBIRETH 5 b OISV TIA BB E
~OEHE LT MEEEEW S ~Ft L3528 L LT3, £7-. OECD/DAC i m DI IES &, 2011 FiCix
G AW NCH BT A EBHE A E UM S o®E A IR Lz, () PR, EBEEEE £ U= 5 0 35550
1E-20 HEEEW IR OEEE &M E, N E TICAHASUTHIRE LTEFREED 5 b Y BEPICEBICH G S
&R (BEEEWIINTONTIE, ZAMOEFEEEZELFIW-&4) |
#-3 AEEEMOORIT, ABEL— OLEBIC LV~ A FRIZRDZERD D,
-4 HiFWI1E, ICAIZL B b 0oDIEh, BURE TR OMLE BIRIRIC L 2 Hikin =& e,
-5 MU HADORR B, SR —FE LW &ib D,
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Tl 2015 FREIZ AN a7 REmEEEREE (Ly RI7102)  (E#) BPERT
Fehti A, 382.03 BHOEMNARE INT=D, LLENIHARD & A > 7 Thigk OF R
DHEFNIRD LT D, FTEMEMO A B E Vo 7ol /10 ODA £, 2011
FRITFAE U T2 oK IR 2 B X ME e & 5,

I - FERTEICI T D ODA IZ DWW T, Ny 3 ZHN KOV Ok & iz, mnk
TEPE - ERE AR T O S AR R ENMTON TE L, TORTHHRIZ, Fr A
T I XINOBRBEOEZR PR BRRORFHTH D, v 477 YN ZWERT D ERIL,
1930 FRUCEHFE SN2 AE Y T AEE IR, A AROHEEAE &K Y ODA 12 &V Bffi i
72134 (AEVTIUEOMIE LIEET) #5851 2000 > T\ d, N a7 5HlE
XTF v A7 T V)N L > THEIIZOR SN TS, 2D OIBEREHII N a7 BB
ot - BRETEES O - IAEB(RICERNICEIRL TE 2 EE R 5, LrL, 201
DA, BER% 30 L EFGE LTV ARED 1115 & -0l a2 S5 TR Y . FHROEML
DIRERIN TV,
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No &4 B4 | O PIEMvz | ODA @ =
(5] "y o
1| 7~ 61iE SRT 1926 (120) L
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2 | AE Y TILIE DRR 1932 234 FfE % AKTHIE T8
% Fihi
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4 | )BT VG DOH 1959 (64) L
1993 D [ {
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AT SRR

20
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X113 F v 47 7 Y OKEREALE X
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TR RROIATT S 2 30E U, G GAHERFE BLO 723D O IRHIRE A 2 523 .
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ADB D& - 1E%2 /38712 BS LTI, ”Greater Mekong Subregion (GMS) Highway Expansion
Project”<>” Implementation Plan for Strategic Intercity Motorway Network Project” &\ o724
A [ENR° ASEAN HUOD = 17 7 ¢ BT o [ LICE T 28TBLER R v U — 27 Efii A
DTHY | HERFEBICHET 2 BT TR0,

22



(2) & -

R ZER SR M - RITOHE

AR O OENEHHIS AT - [KUMONOS (7 &/ R) |
Z ~2 w | [KUMONOS D#5%]
7 - TS (HRHfE & 45 2 5109 2 =)
(AR | - A2 7 v 77— (OUEINEZFHT 57200 KD )
- PC FIftry 7 ho =7
\
FE O  mEfFEHD D DI I 5 A
100m BN 7-ALE D> 559 0.4mm OBE DO O OELAFHI T 5,
< EREERI T T RE S/ )N >
[EERE (m) 15 5 10 20 50 | 100
sHAlRTRER/MiE (mm) [ 0.01 [ 002 [ 0.04 [0.09 [0.22 [ 044
©  JIEFEIC LD EMERIHE
Yz 1//7\%@1:.1(42 FONCHIES 5 2 & T HEN TV T IEREICOUEIN
ME2SFHAIFTRE 72 b, I E A WD Z & CALE - IR % 3 IROTIEAE CIEREIZRD
TE D,
REAEZ2A L DR
FREDO LBV | BRI XD EMECALE - TR EZRET 22 LN TE 52 8,
O EMIRNZEHI U 72 83 0 sl SR & it L. O OO iR % & =R
THILENTED,
4 YE £ B A 1)
OOENE TCORBER DTS & OOFINRAER & OAEEZHWTIELWOD
HEZ HEBREH T2 81080 RO D R EOOEINO KR S 23ERE &1
o> THZ HEE R TE D,
B SRR A0 B B
OOEINONLE « 08 - TEIRD T O X T — X2 XD iesk S, BT 7
N7 =7 &5 L CRHIEE R 2 CAD | CHRREC HBEE CX 5,
woA | PRI L 5L O]
A PERIEATON TV DI HHIC X 2 HIETIE, OUFIRUCER ER %2 B i
ElE R | YTTHEEREL, A7y FICL VALE - ﬂ‘/bkz»?aaﬁbﬂx
Pzl e (D TR AR
B

23




CTHEO T OIEHEE - RIGHARE L 220 R REN e L 72 D,
s BT COMEENRED - D IEEB O 2Mnm L4 5,

TN TEPICHERT THo - EAT LA T, ILEPEOHEI A
HEL 72D,

BN - KGR A B

c REEMETHEAZDRKREWRY v FICL D EHERTEET D iE -
FARD =T OOENEZRFETER] EWORIEEZRILTX 5,
< (LT - TR R CEUS T 5 72 O REIEITREEE S ) B L, BRAEZS b
BTx 5,

B : RLEEA [ E

Tl urT—8 (FEEXRATvTF) OFTVENVACO TREPARELRD |

F3EI T AN CE D,

[FOENT AT ERNEFEE ORE]

AR, OOEINEZBEN -G GHHICE 2 IR LTT oA AT %
WIZHERER SNUTWA, B LAZ®@ED 2013 2 (27— FOOUHE
AUZ DWW TS D BRI ATREZR 80k ) & LT, KUMONOS % Wz ik &
BEDT VX H AT % N HETORITIHAIC X 2 Hdlr el 2 £ L T
Y. KUMONOS % = LN FRE O s TEAL &M ST 5,

L AR SR 2R




C F— A DERAVNS Tt F—F DR BRETH .
- O EBIARAT - SIS X 0 | B ORI RATER & B0, A
Wb AR 5,

EALIED - B OFHHAEE D =

cOUEINICY Ty 7 F—VHaERTEHERNS 2R L. OUEIIEA
RBHT D0, BiAH BREND IR EE iR nTiE & 72 D,
cFHUEMBEIZONWT S, TUZNAT AT W HIEIZH A NS0,

FITHHE TIX 0.04mm OO UEINZ K H, )

BRIE®) : 107 5T HEHITE 5

XIHEITIFRI, TEm D b #RE

RS AR LS O UEIRIE O R A 0T DER 2 MRS S L
ALTNDZEND, fHnb THIEMHICIEZFHTE 5,

WAL TEA] BRGE 146 B, 2HAKY 1,000 £
D e [E £ A2 2N EE 9 2 B i AR o A 7 DS THEHESE R IfT IO 8 e X

LT A, KUMONOS % W= AMEERZ W o A 7 A TR PE R K OV 142
WAL D FEHEICRESN TS, £2, BT OREREEY %
XU, BEOELR - # L5 IZB W T KUMONOS Z W= FiENOOE R
FEDIRERMRFILEL 72> TN D,

ENFFFRA (57 3867011 75 « &5 3867025 5 + £ 3996946 75)

[iEsh] B8 33 A, GHKI 20 (FE A R L—va VEHIIZ G L)

7 AU A EFFFF (No. US7667823B2) Z#1X U, I—ur » /N (TS O F il

25




[ 4 DIE), HE, SEE TR,

PA X B AKX (HxWxL) : 34.5cmx22.6cmx20.3cm, Hi : 5.8 kg

HOE Y| HHIEOHETH Y, FEOLATICHG L TRRET S5 L,
I

S EE|6R

T 5

B # o

o

filfi b 1 72 0 ofGERATR : 3,233,737 1 (Bitk)

1 22472 0 ORGEAEE : 4,500,000 [ (Fitk)
SRS C DO RR TS 1L AE IR &
REETOMMERKE (k- BB%STe) £ 23,259,000 F  (Bitk)

26




2. LR - EIIFEEOHME

(1) EXxnBEM

KUMONOS Z# W= SR FEN, A EOEKBELHEREHICB T, ma s>
HFRTHDZ EAFEIEL, Uil - S0 &2 X5,

(2) BiIF SN HHE
REFEOEBZ I VIFEINIREFIUTDO45TH 5,

RRO: EEEROBMNZ EfEHSTEEMNICIET 27200 SR TE - 2 RNy Al
DOEWE RIS D,

BER©@: KUMONOS D7 —# &8 « JE I FIEN L S, ERERMEREEIZBT S
KUMONOS D& rIHelME & OV FITEDHE T E £ hak%Rd (C/P : Counterpart) & O
DOH OHTIAL Bk S5,

REQ: X AEDA 7 THEEY GEEE « 88 « ¥ L5) HERFE B L OHAT S 28 ok
BT, Bk 72 I 5 S < BALIRILAESRE - b O T E M2 3G, S 4.
KUMONOS N AL H KT 570D HER R S5,

BE@D: # A EOHEEESHOBURICEI LT BV R AT ANER I . KUMONOS ® 4 A
[E ~DAKGE AN [A) T T2 23 8 i S D

(3) EXDERAE - FXTIE

@ FEOEEHH

ARFEZEENR B KUMONOS 23 kfc I ZIE I S DM A Z ST 5 Z L ICHRZE S,
TROT 7un—F THELEMT D,

v BRI B ERINCERE L CW D EINE DN FER TH M) THHIZ1T2 5 K 1T T
L7280, Av W YaT7 hb—=27 (OIJT : OntheJob Training) % if L 7= 5072
iy - 2 oAU OBEEE HET,

v KUMONOS DM E72EAD T DI AT OMEFFE L AT A LlEgfE S5 2 LT L,
AW R BURHE « BT DA OS2 B a4,

v HERFEBEBIRE O Z e b BORIETEM « FREREH M ORRE I LTH Ptk
ERHERFEF BLO EEME KUMONOS DA A U v b A2FEFE L, ) 2 R & BE 21T O
ETREL R PRBERDHEIITA D L 91272,

vV ERBIERLSN DA 7 THREEY OMERFE BEBIRE BIEFEOMR L L, KEEDOHRN
FERINIC 2 A ER=EROA > 7 TIEMITHET D L 0127 5,

v M E A BT AT 570 . AR HE B OIRE D Y ¥ 2 T AT
BT 5 KUMONOS OE A% Hfgd .,

27



Q@ FHRNBOFHM
[{£81 1 : KUMONOS % iV /= 34 v v FEHl]

1-1. FFEMAGH - AT

- W /IR TH 5 DOH OEEEEDOH 02534 1 R EHI O 546 % %meé
EW%@%@%%KOPT@%IEﬁﬁ%%ﬁﬁD@ﬂﬁ%ﬁ%ﬁ%JX%%
FRNCBHEEAE 21T -7- LT, C/P., DOH & OWBIc LW IRET D,

- BN SR ATIC . MR R OFEMINLE - B - X - AL #% DOH bR L
B A O TRZ T 2,

- HLHIESE Tl SR OZEREIRDL « BRUE S OFRE R « KUMONOS 3% & n] fefE ilr 2 feai
b\%ﬁﬁm§K<WVUﬁﬂﬁéc

- KUMONOS OFllF—AiZ, 7/ 2Aa—KL—3 3> (KC) + KUMONOS . —H—
2 BHER o L2 o MEEOHINEDS 1 A xEE L, 2 F— ke 35,
Wiz 2 e LT, ZAMOER AR L LT, C/P 6 b EHIIF— AT AM 2 A
T 5,

~&4l PSS RAIEIALA R S i Dm{ﬁ%ﬁﬁé%ﬁ@ﬁwﬁﬁﬁﬁ/x%Af%é
BMMS (2R 5 85T —X% DO AJJHEE EEERN., BT ons T — 2RIz
wf%ﬁﬁb\ﬁ%mmﬁ%%&m#éo

- FHHEFRICOWT S C/P XTONDOH & Higd FTHET 5, OB, K[URSCR K ESD
K[REMHLBET D,

1-2. KUMONOS } OBkt s - daiak
- BEEREAT IOV TR, BRRERE% 2 » AN E HRUZARR CTRET 5,

- FEMR CThH D72, BT OMRIZEHEIC Tk 3 2,
- A EICBT D - RZT RIS A iR Astt (TNC) &35,

© FREDO LM B TORE - T HIARETH D 2 Lanh, FEERBIFIT TNC OFH
FICHRE L, 23 7y bFHAIRHC GRS ST~ %,

1-3. i A 1 v MEHO i
- 1 F—2H720 35D KUMONOS Z i L THERBREZFHA L, HEXEOOOE R
U A NEERT 5,

- FHANE, 3 EIOFEMT 6 L E21TH, 1 BOFIL 2 DOFHHTF— 22503 TIT 9.
- WIEIEHAIEEC DOH 2% & LT 2 BRREOHERHE X FEii1 5,
- WEfE~FHAE CTOEEE 1 BBICo&E, K2 BRI THEmI D,

« DOH IZHEHAIO —EIZIFEAT L TH BV, Bl TOEETIRCH A, =IOV Chi
BLTHLH I,

-1@9@&@(1%%@¢£%&&ofﬁm%ﬁv~ﬁﬂﬁ%@ﬁﬁ BT D RO
NI HEINEE 21T 5, 2 BB LR, BRa IZ5HO FK %2 2 A TS 12T L.
4 3 [BlOFHA THAN LT 5,

28



[{5%) 2 : KUMONOS O FthETEE))

2-1. S vy bEHAT — % DBEF L AT D~D Ik
CRAELTVDETRTOBIRT — X Zftdk s L THETRD, S my FEHAITCER L2
M %, SEMEHE S ERCTIA L2 BMMS ORRICE 8 TEEERB RSB L, 6
PERAEVERT 5,

- HEOIENZOVEFUR, OVEINOIEESCHE L WS TmEET — X IZOWTH B
FiEERGT 5,

< MBI H | K HEST — 2 TS O BRI OV Tid, BMMS Ok 2 i A
L7 ETC/P KRO'DOH gL, RET D,

22. M ey bHAlT— 22T —2EHAY I 2L —va v

- C/P LHfh LT3 1y FEHIITTHR AR St - BEO—TIc oW T, JRIKGHT -
MR - fIEEMETH O I 2 L—a 2 ER L, ST — 2 OBRR727E T+
A AN

<VIal—rvalRNE>
< A vy FEHIO SRR 2 8 U R S R et R BRI 2 ke L, R I
b - BED 5> BfifetG & T &Pk - BIEZFFET D,

< AIE O CREE S 2Bl - BEITK L T, A TOEHFIZ S5 1258 H T EE
TRAE TIEZRET D,

- BRI B LT AE S E T 2R KT D,

2-3. AHAMED ST - BN

- BEHH O TS C/P Z & BRI 1ICFHIlT — # 212t L. KUMONOS 23
ERMEFFE O (2 HECHE Y 2 AHEFH OKES) ITBWTHEHNEW D
BRIV A — M EEHRLTH S 9,

- KEFEEDORKEME T, C/P. DOH, HHKZEHFIEE . B AM D KFLAIEE 228 2 15
i 2 BAfE U CEEFIRg 72 i) & B RA #2170 Bl St 2304 %, o bk
TEHIEM T 1 OB 2205 B T BEARM 7 e R 2 YE D T,

[15%) 3 : KUMONOS DO & iEE)]

3-1. HEIEWHERFE PRRAMRE T & S — D i
< RPBRITHERE B B S 2 BURRERE  (BORIREEM K OV RER ER M & Te) . BRI
¥ RPWFFEEBIDRRE L35,

1 HBHTZD 504 ~100 L HAEDE I F—%2F 2 MBE L. JBATIEWT L N 2 7 48
WNET 5,

. %% 25)710“(1 KREEORBREFEOM, Z A FEICBITHERERRY T —T7 D/
"OFE|ZHH D X A TN T %4> (Engineering Institute ofThalland) bW AL
@f<@0ﬂf5

CORREA, KRIRORFRF B RIKESR, C/P L OB ATEE &3 5.,

29



B I RTRIESIME~OT r— M EFE L, ERIETONRE T D,
<EBEIFTNE>

© SR TEORE R EOMEME S KUMONOS A OB B 22 8h B e OFHIlT — & O
o« JEHGFIEICOWTIAT 5,

C HRRROERIZ E EE ST RRSHT SMEFE E TO—EORN A K AT,

- DOH DOFEFIKRZ 2T 72 BT, RKEEO/ A vy FEHOR R 2 A7 BARR) 72350
HZRD AN,

- THIRERMEREHOBES - BAA Y v MZHOWT, BAZII LD &5 EOF
Bl 2 FEMREOIZ B D AN TZi A 21T 5,

3.7 = hAh Ly VHTEHEE SO FE M
- KUMONOS %4% 9 FHUEIN#E TR O A 2T 5728, KUMONOS Dfl:# A<
BEHEICBE T 2388 A 54TV . KUMONOS Z 58 Al fe/r % B 4 %K+ 5.

- KUMONOS ##ATHEAL LI E L TWARTF I —F 7 =N Ly IHITLD,
EEOT IV =N DLy POHREERNSBLE TS,

<GEHESNE>

- KUMONOS DA ASCFHI 721 T2 < §HADTIE, §HAIT — & O 5 5%
BT 5 FL—=2 7 b Ei L. KUMONOS O#iiE 2 BT 8L L LTIEL
WEEREZ HIZOTTH S 9,

3377 =HV Ly PIZEBIF D KUMONOS F68 4 U % = 7 AMER D K%
- KUMONOS (ZBHT 2 fREHEHEE, AT F V=T 7 =hh v P R OEEE ORE
FI# /7 (Bureau of Vocational Education) @ T3 CIERKT 5,

- F5E S U X 2T AZiE. KUMONOS O REARM 70 BB 14 & FHFER, & 5HHE— R
B DAL, B L7 — % 2KHEbd 2 FIES 2K 0 AT,
© MBS U TP EHERFE B OB SCHERFE B ICB T 28 AT » 7 (R« 70 #7 -
E) O, FESKRIEH MK OEMRTECOWTHED AT,

- KUMONOS (ZBH9" 2 NEIZ DWW TIE, AFHTIHEHE L TV 5H KUMONOS HfrE fE 7
X 2 NOHHSEE O~ = o2 T LA TTICRE - VERT 5.

[¥5%) 4 : KUMONOS (2B % & VR R Eifk] OE]

4-1. AR

- BRSSO Bt « HARIUS SOV TEMO AR BEEF LGRS T U 72l s L
FHMIREZTT 5. BT U v ZIREISME A TH D 2 A WindREk ARt (TNC)
L& 72> THTV, REIZS L TKC OB BFRITT 5, £/, AT I
—BIE~DOT o r— biE L ERT D,

<THENE >
C EBBREILIULO ETEA T TREEMOHEEFEEIEER 1T OV T, S - T TRESS
RARAERRE - A RTA VEICET25FMAELITO & & bIT, YUEEKIEDLIa X

30



b (PREE) OHBSREESR 2 o L. 5% O 2 7 5,

© A A EIS TG HGECRHIY — B XA DR EAT O ICH T2V | B RFFRE SRS
- HRFEOFEARAET D,

4-2. it S— b — 1 L OIREENREEM ORRET

© A A ETOBERIGE « Lo Z VK OGHA— B2 ORHEZNZ U DOWN T, Bl T4
ELRE L LT, O REBEZ TEYRRAET L2 Ma L, B o%E
S ZRMET 5,

4-3. BV R AFHE DR E K O F i AR H] OMeT
- SO R OARFEEOFEIHEH CORREEZEEE 2. ¥ A ETOE YR AEHFHE L
X&?:*/I/%%ﬁ?ﬁqéo

BT REBEATHESND Y A7 2BV L, USSR Z 8T 2,

- B S— bR ERENAICHET O ERORY KD LEICLY FMEHTOEY
P AERRN 2 ARG D, E7o, BHILSORRE WS 72 BARB 2 S T 5,

@ fFxIHE

LIRS, AREHFERO 7 v — R OVEE TR #2783, /3o vy hEHITEL FHIE SR
WEGEOIR DL B BARTE DA L~ L0 FHANEEN AR E L OB 22 L, §Hl =
A R KC OFHAFREICHN D AHPEINT 5 Z L BBEZ N D, £ 2T, ARBROE
TERNS P OBMPEE 21T BRE LI PR TEMAIRERMEEREL MO 5, £z, Bl
TOFHNORNZ B BANE TR L THEIRIME 2 F2hE L, EABRMEZ B/ L T oot I
THEHANCER T, FHUTEEIO PRICHEEZ G256 9 —DDHERTH HRKEIZHONTH,
BERN R DSR2k T 7 ARG 21T 5 2 &L TRE L R/NRIZT 5,

HAT - SRAERER
X 2.1 FEBEFEEOT7 a—

31



HAEAE

1. &R EIRE - H b FHIRE —

2. {BREN A

T [ R PSR R ..

2-o|MestmE a0 [t .

2-3|BEN TR DERE

3. BRMFEEFADEILES

3-1|FHAIT —SDERTFYRATAN D R BR

3-2|7 -HERYab-Yay

3-3| 5347+ SH4E

4. KUMONOS D& K ;&)

4-1|E3T-DEHE -

4-2|F9=hnhbyY AT EE S DOEE

4-3|KUMONOSIE BB SR DX IE -

5. £ # AR R DR E

Y I N PR Y P .

solmmezrommnary ||| ||| Lot

5-3|t"Y F AEHE D SR TE K PRSI HEIL

munn WAER(FRE) o IR (RED
e ERER(TE) = EREEERD

AT SRR
22 {ERETRERHH

32




(4) BA (RR. #M. EXZHREARA. TOfh)

© E&
UTICASE,ICRT 5 BAMOES

HE

)

1‘@%%‘@1

g={1t

w = 20164F 20184 it
85 K& | iR 8 SE TR [1A 2B B [ 28 [10B [ A [ 12A | 1A [ 2A | B | BN
HE [ [ 1] LB 1.10 | 0.60
EBIEE [PEMF| 2 VTRV
R ] 0 0 s[ 087 |0.75
BTN [ o | o |yesmatiosay BHE d i [ 073 | 0.50
¥= ] o[ [ Ep [ [ 087 | 135
BIEBEEE st CiEN: A 473 | 260
/BB | £ | 4 (7R3 LYy
4 - [ X 247 165
, sHE 280 | 1.15
BRI EE | ER WE| 5 |YT/A-KL—Yay
=t A 277 | 150
HE -] [ 1.80 |3.25
EHEE | B | 5 |78/A3-KL-Yay
e | [-J§8 E 247 |9.35
HE i+ B 1.80 |2.75
EREE | BEE| 6 [4T/AI-KL-Vay
e A H s 187 | 665
HE 0.00 | 0.00
BIRATIEE [k BN 6 |78/A3-KL-Yay
ET 133 | 045
oL | B Bl 113 | 1.15
FITEN Y| T Fie| 2 ’f"w’%j/"’”’ o
st | [ [mz 110 | 1.18
EHLBYH— Mﬂf‘” 5 [P | g 083 | 025
'" Foub= Kanits e | 110 | 000
ananey | 8 [ [] 250 | 2.10
E T o I edacdid
. A 0.23 | 1.15
o [T | 0.00 | 000
. vy =Nl . B R G 150 | 1.03
BRMEEE T8 /A
sHE 0.00 | 0.00
4 | aHNEY
£ =] 0.00 | 065
EATENA L e | o | xmaesxen #m | [1] 1 [ 0] E]q ] 0] 060 | 0.45
¥/ BRER | & —
e - D§ I ER i ER 0 Bl 040 | 0.65
.. THAI sHE 0.00 | 0.00
T s | EE 2% 5 | NSHMATSU
> CONSTRUCTION | 5# 0.00 | 0.00
BTN |l N\SHTII\%‘TSU wa| [ O[] [ Lol | [ [ 000 | 470
¥/ RBAR construction| = | @] [ =] B |EH[D o | x| &
ot s m—| 5 [COKPHRER M0 [ | ﬂ ﬂ 197 | 0.00
HENCINY 7N I 2 K “3__5 147 | 050
B PASCO(Thailand | ™ “ Ml “ 213 | 0.00
BRMEE | ¥ Rvtz | 5 Y Co.Ltd
5 . = I 033 |1.80
ZERE N AR (PE)|12.97 |10.85
FERE N AF(EH)]12.63 |21.70
SMEBAM A-AF(FE)| 9.17 | 8.65
SMEBAM A- AEH(E#MD| 6.13 [11.66
A-BEH(FE)[22.13 [19.50
A- A (M) [18.77 |33.36
- I [ Tamr=x

T+

A MIERL

2.3 BEEEHHE

33




@

1.2 F|IZANR Lz X 92, SRR T 2 1T O 0EINEHI > A7 4 TKUMONOS (7
TJR)] THY, TOEEIT 6 HTHD, KUMONOS KO DOt BIEEA 12DV Tk,
FHERE 2 » AUNZ BRUCAFRCIHE L, 2862 CH A B35, Motk
EMRRE AR L, Wk - REPORTEY 27 12H % 5,

A AENCHITH—RZITHIZTTINC £ 55, £/, FFEO LM - Y TOKE - R
RETHDZ NG, FEFEMHIEIL TNC OFBFTCHRE L, 23 1 v hEHRCEHH
T T~k 5, FEEMPMPOBIEEDO Y A7 2B LTk, BERBINAIZL
IS VS R

AREEEMHZITES XD KUMONOS K OB EMEER 2OV T, C/P 123 v b,
DOHZ3 k> MNET D TETH D, BHIAESCZ—F—H 1 NI L TiX, #@F D
PEFEIN & RFZETIER T 2 X A FE OB IT 212 L, AFEZEICSH L O R WS T
HLEM - FHTE 5L 91275, KUMONOS DA T F 0 A LTk, BEEARKDE
BRSO A A E AR ARIR D A — 1 —(RERJEAS, PC MY 7 U = 7 OB Hi % KC 73
15, — R ORIE R, BUEHEICH > TEMIIZE L7 F = v 7 217> TR,
REARAERFOER « IELIIMZ A T AT E LR,

- BEE R T — 2 ot
- AR B 5 B E

34

F£2.1 BHAMY A B
e NS B MIAAEH BB
1 | KUMONOS LeicaVivaTS11 6 2016 %511 A | CU
2 | PC liyama STY LE-i5 6 201744 H | CU
3 | REHEI7H Microsoft Excel2016 6 201744 H | CU
4 | Y7} Brics CAD V17 Classic | 6 201744 H | CU
5 |TS 3=7° )" A TSP-WSP1 4 2016411 A | CU
(b VR =y h)
6 |tV = PTS-4575 2016411 A | CU
7 | 1EBF7 I A APS12 2016411 A | CU
8 | 7= STS-YL 10 2016 411 A | CU
HAET - SRR
O EE:[DFIN
- BIHEEFRREES & osiifg, G
IS5 0RME N 2 BT DR
cKER A vy NEHINCRE T A S uEF AT, F~ D [EAT




@ BEIFHORE

ARFHIEZ MO FERT 572012, LUFITRT 4 SOZERIZE L THRMFERE
¥ FhT D,

1) BINHEE SRR
[FFZ&Rek] # 1 Ptk tt

[ZEHHE] KUMONOS O FIEEIEET HI2HT=0 . +oo7ediil - mikaH L T
WAHT-8,

[ZBNE] KC OFRO T, Z A ROHEMHFE 23 LT KUMONOS 12 X G22I &
COREN O GTEERET 5, £, fHUT —2 O%H - KHE/ER
WZOWTHHERY 7 o =7 2 AW fREFES 2 IEET 5,

[eRm] EpmdsE (3R @)
2) = TIVEIRRER
[FZRtoe] & 1 PR gk et

[EEFR] KiE - YA BN CTHESHOHMAELZFM L TWD Z LI,
KUMONOS O#EHIES BRI L TN D7,

[ZEHNA] KUMONOS D a—H—<==27 )b, HIFHET £ 2 b, ZOMENTEE
BYEEND X A FEICEIERT 5,

[ ] & R¥a A2 b ¥ A EERR
3)  FEIEIEENVOAT - aFAmER
[FZ&Rtk] 77 3K%

[BeEHEI ] FRK 25 4R D ODA UL T2 TRl L7282, KUMONOS (2B L
THEWBELERL TV & & I EEY OHMERFE BB IZ I 10 5 Y
Ak M OV R BR 22 L. KUMONOS OHERE K& OV F RIS W TIE L <
R L TWATD,

[FEBENE] A vy FHABGON S W, BfRE~0e 7V 7 T — X 000
AL T, A A EOBYHEREFRIC 1T D KUMONOS DA FM: M OV
APEICE L TobT - FHEEAT O,

[RR] s &
4) M AEEN SRS
[FFZ&FEE] 77 Sk

[BeEHEL R ] #EY O MERFE By 3712 380 D BEFT AR M VAT Bk 2 47 L. KUMONOS
OBERER OME A HRICHOWTIEL S HEL TWD Z Lz, EEOALR
IO A 7 THEEY O S PR - RELDOAIREA L, ¥ A HIC
17 % KUMONOS O K AZFERRI T 5728,

[3BNEAE] KC EEDOE® 2 F—To#H, KUMONOS (B0 H 5k « A OREAN

35



(B F—InE - BEARE) . O KUMONOS Z /A< H->TH 5 D
72O DEFRINHRIEEN 21T 9

[HRY] EpmsE (FENAE—5)
(5) FXRErRAH

LUFIC, RFERICBT 5 AR OS A RO FRiAH 2 7=,

[E=x=iEE]
sE/Ra—FKL—vavH
¢ RESEORE
- BHoRLs - RBE
o WM OIERICEIY 2 iTEE
o BIEFEE - RESER

[ EBAH] |
[GER S §1%= D% S THAI NISHIMATSU
e o < .
BAEVZZ SR TINELT ‘ CONSTRUCTION Co., Ltd. AREERER ’ AAFREEEA > YE b ‘
—/\
l ™, DL ‘ ’ Pasco (Thailand) Co., Ltd. ‘
ﬁ:l arH) o
—— - BHOBE - EURRBEISUR ||« R - BREDICHT 22004 R ||+ KUMONOSA R L - HAER 0
 ERRMRE _ BEYH— b h > DB E YA b
» RRMHTEEIEY BHE . EAER - BB . C/PPBMASHRE L OWBICS ||+ THRME~ORITRE S — b
- C/P - PO L ORR - eI EEEY FBHE
. REHEE - WE BB - LI TOBE
(R %iE] 1
N s e
 EVY o T NISHIO RENT ALL (THAILAND) CO.,LTD.

AT - SRR VERK
2.4 HASEhE AR

AT - SRR VR
2.5 HA MBS

36




(6) EXEEEBFHEDOHME
® hooia—/— FEEOBE

AREFEIZBITS CP X, F=2Tr2 a3 K% (CU: Chulalongkorn University) Td 5,
AT, 1917 FFAIZO Z A Theb HTWREERLR T Th 5. FAEHIE 40,000 A<, B
WMERO LIS AR O M EHENSEBIEFET 2, TTH LFEIE, 90 FLL RiZh=b |
2L DTy V=T REN L CE T, EERRBEERBEIC X DA 2B OB TbR,
TIOTIETTIERL, HRABOREERIEITE L CTHEREH ZH T D, iz,
HARD A e KREFEE LM EEFEATEY . HRE DO DN HIEFITH,

A% CPITIEE LB & Uik, "Rk 25 4FE D ODA ERIHMEREFE TR L
B2, KUMONOS ICRI L TEW LA R L T2 L & i, S OHERF R F B I BT
% PRI N OV B 2 A L TS Z ENE T oD, iz, EEORRLTHDOA v
7 THEIEYSOMER TR - BELOANREA L. ¥ A EIZ 1T 5 KUMONOS O |2
FEMACTH D, ZHIT ODA I LHEFHERF LD . KRR L DOBRA VT, R
HEAOHINZOWTHIEFICHIAE TH D, XA ENOEECEEK TR OFRiEE
T ECAKA C/P & LTE®EE LT,

CU & ;3% DOH OREfRIZOWTIE, T E TCU OFEA DOH I L T\ b
&L 12, DOH OFHMEN CEIRIZEEV TV D, F£7-. DOH DR O H T i # | TR
HELTRBY, TN IIHR BIF2BBEPIEREI N WS, AFEEDFEHEZLY CUD
FAERFAE~OEMBIRN e EN 5D Z LiX, [k DOH BB OB RKIZ & 27273 5 Alaetk:
NHDHTD, \MBROB CTHLERLOD LS 25, £2. BUEHNH B EEF O TWD
Z A TIHBHEARRD T OO A L, £ OFEBURZE A0RF ORELA S & Z ShTwn
%o BHENE DD EBUFOHHRBORI S E L REL A S 729, BIMEFHETH D
DOH LT HARFE G KRE B LZ T HERENRSH H, ZD7-H, DOH & B4F72B
FRIZH Y | DOBHMEIT L 5 2% sz 1T 720y CU & B ITEHE L7227 D ARF A 7
HZLIZEY, FEEROV AR EZRBTHIENTELLVWIRTHLERN® D,

T - PR

26 FaguraryKREONIER
37



@ HABEDME

REHIZIBT 5 IBBIE. DOH Th %, DOH IE MOT WOMRTH Y . # A Eat
DERFR Y b= (BB, E—F—U=A) OBRBZEUHREFHEAHEYS L 1D, F
EFEOMIER I3 67,510km TH V. £ 15,000 FHOBREZEFHL T D (2014 HHR),
K& G2 DRERI AR - HEFFE PRI Bureau of Bridge Construction 23H24 LCE Y . H & A7 sl
IZ. Bureau of Bridge Construction MD#x |24 % Bridge Center 235 ifi L TV 5,

AEEAIT, ZAETHEEEDOESWEE, T—F— U oA ZEFHLTWEHI-0, FHER
B OHERFE T (2016 4R, 259 f5/3—) X MOT W O T Ok (M5 18 5
B35 DRR, m#EK 2 ST 5 EXAT) S L CRH L TR, #EFEHRICBT
LHRT UV ADRRGEL . BRIV, KEEA~DOHIZHOWTIFEFICHIM X T
HY, VR—T 4 7L EF—EZH LTINS, S BT, FFRIZIL DRR X° EXAT ~D7K
EREEALFEETH Y, FHEK TROFHNE - BEEL G TE 5,

HET AR
2.7 DOH (Bridge Construction Bureau) DA 7 4 A DEH

38



3. ER-RAFEXOEME

(1) FHREEORER
@ KUMONOS Rl =/310 By hEHE

1) FEMEHE - AT
a  DOH & Ot fiikH s

AFEHEIT CU % CIP L3574, DOH OEHMERZ GG LT 25 BTH D720,
DOH O IR AR Th D, UL, BB TH 2 DOH 7 [HE D REHE & 24
REENEEZRZDLTZEEFHE LW WO BERTho-Z &b, KC & B /1R %
T ZEMTERDSTZIZ®, CU &£ DOH O CEEXLEERZ DT Z & TRFEA~DH
AR T 5 Z & L7 o7=, CU, DOH, JCA %A FHEI L ORAERNBNSINT 55
2N 2016 4F 9 AIZBIME <AL, MOU OHEAS LIZIANT 7= W A B at S iz,

ZTO% W EIA, BKAIIZIE CU 2065 DOH ICAFE~DWH I ZMIET D L X —D
EfHEWHIEERD Z L EroT, 2017 4 3 A 23 B Eiti S 7RIV T DOH @
Bridge Construction Bureau @ Director & CU & T2 =N, 7 u =7 MIOWTKRBT
AEL. S HIIEZbENT-LZ—%L->T DOH & O IEEI 2T 5 Z L TE T,

# 3.1 CU &TDOH & ot ixlEliE

FH 4 P Sk EE

2016/9 | &k ¥y IATI=T40)" CU, FH#A

2016/9 | N Any I | CU-DOH [ O B IR HIAESEIZ A 72 ik | CU, DOH, JICA /4
FEIT, A

2016/11 | N Any NEHJI | ARG AL, KB G215 W2 7R DOH, 2]

2017/1 | &K MOU ZE DR CU, DOH, JICA #/
FHIT, A

20172 | £3F- 51 Al - OB E CU, &

2017/2 | N Ay bEHAL | A Any bEHARG G5 E i CU, &

2017/3 ESXUN Lt DHED FFITHONT CU, A&

2017/3 | &k 7" 27k CU. DOH

2017/4 | 3+ A CU, A&

2017/4 | Ak A% OEDFHFIZHONT CU, 4

2017/5 | N Auy baHRI | F9 047374007 CU. DOH, i

2017/5 | £3F- Hefig - fTAE CU, A

2017/6 | N Any NEHRI | ER 1 BN Any NEHRRS SR CU, DOH, #H#&MH

2017/7 | N Any NEHRI | ER 2 [N Any MEHRIRE SR CU, DOH, #H#&H

2017/8 | #3+- A CU, A&

2017/10 | 34— FEARE L, SR CU, FiALH

2017/10 | 4K AN CU, DOH, ##[H

2017/12 | &k b5 CU, WA, JICA ¥
AT

AT - AR

39




b) EROEE

DOH 7 & Efififige & U CHFERMGRIICZIE LTz 11F5 & 2016 4F 11 HICZ M L7z
1A FEDFH 5 BN LIREEIT T2, BEHSHIEIL, Google A U — b a—%ZF|HL T,
FANAFRCBL OEHMZIE LT 17 /BT Y 2 A, 2016 4 11 H ~2017 4 3 H (2 HiHh
PR 21TV, TRt A a—FIC LV RE LT,

vV HEIRDER % IR ZFHT 572010, BERFICIEOSE 2R ED 2 &,

o, BEXHL->TE, HETEIEMICTRY BRNHOIAFEOMWE L, BIZRroT
WTIFIZEED 2 2 & N LWDBZOHT TSRS WDEZRIE, FEi T 2 Ii3E S b oL
L TR L, JEROBRBEEDIEEME L ZE L T 6 iR A % E LT,

%32 /4 By FEHIOR G

No &4 FTTE feTe
1 | Pathumthani Bridge Pathumthani 1998
2 | Siriluk Bridge Ratchaburi 1982
3 | Bang Pakong Bridge Chachoengsao 1976
4 | Phrachinburi Bridge Phrachinburi 1976
5 | Railway Bridge Samutsakhorn 1974
6 | Bangrachan Bridge Singburi 1992

AT AR

AT - AR VR
X 3.1 FHHERONLEX]

40



AT - PR
432 HMEkERF (A L Oh)

2)  KUMONOS K OB b4 i i - ik
2016 4£ 9 H ~10 HIZ PC Z %< KUMONOS } OBkt O FiE 217\, 11 H IC#ads
L7 FHEE - EED 9 2T, BRI RE RMBEIIRE Lo T,

PC IZ oW T, FrERFOMARZ 7o TR OFREN DR o> TV | EREEE T
% (0S:Windows7—Windows10) MENHH Z EAHA L=, LU 5, KUMONOS
MY 7 v =7 (FEEERR) 1% 2016 4F 10 H AT, Windowsl10 [1Zxt& LUV o
el V7 N =7 OB EEERGEAIT O MWEN B> 72, 2017 4 1 A 12 Windows10
TOWERD KUMONOSfEMTH Y 7 b =7 (JEFERR) OEMEZfER T 727=%, 2017
HFEI3HICHHEL, A4 HIZ EMS THLE 21T -7,

3 HERAA vy FEHUOIE

FFEOEY . CU-DOH I COWIRHIFERICRMAEZE L2 b, XA m v MEHA
201742 A, 5 0, 7T ACERTHFENOEEL, FESH, 6 A, 8 HIZHEM L
oo ZOXIRAT Y a—VOEFIZI Y AFH L FHIOMBENEL 7272720, &5
JEI D T ZK 3WEM 2B/ 2 WIICERE Lz, 2. A vy MEHUIOERATIZIE
CU & DOH ZNENZ xR Lo a2 35m L, SiBiEE -7,

a  CUZEXSRE L-HifmEE S 0%

2016 4E 11 H 18 H~22 H & 201742 H 7 H~9 H® 2 [AlIZ43 1 T, CU ~DHeffia#4
REITHoT, 11 X, #EFE0OBEEGEHN L L’CBE%&@W’CUDJ% 3% HULTAT O,
2 AIFBIG COFRAEEE LT, BATOIEEZIT-7-, CUNLITFEAEZTLIC 34N
SMUTz, 728, AREESIIE S vy MEHINCEIRFE S, HifffeEmMiie s LR+

DA NBIRE LS,

41



AT - A R R
X 3.3 CUZXI5E LizisE s

b) DOH ZXx{% & L-HifngsE =
2017 4= 5 H 22 H, 23 HIZ DOH M H S S %250 L, BRERE (Bridge
Construction Bureau) 72> S48 94083501 L7,

AT AR
[X] 3.4 DOH % x4 & L7-iliE & w5

)  IEEAA oy MEHA

BRANA vy RN, 2 F— 24T 3 MM L7-, F— ok e LTid, A 57—
AW HARNEME 14 &2 A4 NS 24, BT —L0 BARAEMNE 24 & %14 NHif
FA1H LW A AL LT, ZHIC CU OFENMb T, IOV TIE, &5
— AL HITKUMONOS % 3 B H L7z, FHllOBR E LT, #ir FOFmX, fEH o R
X, FEHTOMIE R ABRLERD 3T, OOEINE DR R 2 1ER L 72, % 7=, Pathumtani
BICEI L TIiX. 3D L—Y—AF v F & HOGHI BTV, 7T — X IEH OIS AER & LT,
KUMONQOS & 3D L —#— A ¥ ¥ ;&G b iEHFEORMN & L=, &R0
MRS, HE3F Y A b FHAE S, FHARSRMmEE £ L0 5,

42



<55 1 [EFHE>

# 33 HLESA m oy FEHA AR

AT — A ATF—2A B —A

&G4 Pathumthani & Siriluk #5

5P Pathumthani & Ratchaburi %%

A A R 2017/5/24 —2017/6/9 2017/5/24 —2017/6/9

AT - AR R

#34 FH1REPSA vy bt HEHY X b

AT JE FH 5k N i gL H H Y
CU 24 (%/F) | Pathumthani 15 5/24-5/31 | Hiftiiin
BU 1 4 Pathumthani 15 5/24 A AR
DOH 2 4 Pathumthani 45 5/24 F IR
DOH 94 Pathumthani 5 5/29 H AR
CU 14 Pathumthani 1% 5/31 A EEA
CU 1 4 Siriluk 15 6/1 A I PEREAM
CU 24 (%#4) | Siriluk 18 6/1 et i

AT - SRR

AT - G R R
3.5 Pathumthani {&HHIFED C/P ~DFi RS (/2) & Siriluk FAatHlES OF)

43



AT« AR
3.6 Pathumthani faHIAS R 3 kot (%) EEHEBK ()
AT« AR
3.7 Siriluk BFHARER 3 kool () &M FFEEE )
<% 2 EIFHAI>
# 35 H2ESA oy MEHA BEEE
AT — A ATF—L4 B F—A
F&9 4 Bang Pakong & Prachinburi %
Wit Chachengsao }% Prachinburi &
-7 HA T 2017/6/28 —2017/7/7 2017/6/28 —2017/7/7

AT SRR

#36 F2[E Ay MEHA

fREY R |k

T & A% N bl HEH H i)
CU 24 (%#/£) | Bang Pakong 1 6/28-6/30 | H i
DOH 4 4 Bang Pakong 1% 6/28 A HYERFA
BU 14 Bang Pakong 1% 6/28 A HPERFA
CU 24 (%) | Prachinburi 18 7/3-7/5 iz

P« BRAE I VERL

44




HIAT A R
3.8 Bang Pakong #&&HAIE R (/2) & Prachinburi F&EHAEE: (F)

HIPT © AA I ERL
[43.9 Bang Pakong f&aHHIFE R 3 ou (&) LM FREBEM ()

HA AT - A RIERK
[%] 3.10 Prachinburi f&&HHIFE S 3 %kocX () & EHHUIER OF)

45



<% 3[mEFH >
# 3.7 5 3[EIFHAMEE

AT — A AF—A B F— 4

&4 Railway 1& Bangrachan 1%

bl Samutsakorn 7 Singburi J%

SHHIEA R 2017/8/1 —2017/8/11 2017/8/1 —2017/8/11

AT - AR R

#38 HH3MEAmy hEHA fHEY 2 R

T & A% AN Bt A EL:p]
CU 24 (#/F) | Bangrachan % 8/1-8/2 i
BU 14 Bangrachan & 8/1-8/2 A A
DOH 24 Bangrachan 1% 8/2 A FPEREA
CU 24 (%) | Railway /& 8/3-8/4 s

AT SRR

AT« AR
3.11 Railway #& i8R s (/£) & Bangrachan f&FHAIEG: (F)

AT« AR PR
3.12 Railway fiaHRIFER 3 ocK (F2) SIS (F)

46




HAT

AL R
[¥ 3.13 Bangrachan f&aHlI#E R 3 ook (&) LlmX ()

<EBE>

PUFIZ. 25 G0 Bk & 6 /GO FHAFER L v # A FICHB T 2RO OE N AR E.
AT F AL TELNZE AL KUMONOS Z W= 3HlCE T A ES A2 £ &
D5,

-« FEDOERIEDE < BT AOAKRNZ < F¥% L725E I A B 21 E 031

EINLHEI (K 314) Th-oTh, TOFEHRESN TN ERHERHICK
U Tt 22 B g LB 23 il S AL TR W E T SHUL S 72 0 EMERFE BT ST
U\fcﬁb\o

© N Al ERNOTELFRTIZ, OOEINREZ S O 7o EH AN FEE S v, fiE

BITERWOTWD N, M TIIITE RO TUWL R,

© BROEBRENFORGHIEROBE DRI B2 KE LT D,
+ ZLOBEMPBRICHEEE L TEOGNTND Z ENEL BRD XS ICHEFTEERE

MWTE#ET 2 R IZIREE RS E 08D 5,

- WAEREMNEL THOKRMPRELSEI 2O, HETELHALRESERDZ LI

METHIVNEND S, 2 OBMESER (87) L 8 AD/XA oy K (1§
Z) Tld. K Tm OKNDOENED Hiviz,

47
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Seminar on Maintenance Technology for Infrastructure in Thailand
Embassy of Japan in Thailand
7 November 2017

Our Inspection Technologies for Strategic

Infrastructure Management

KUMONOS Corporation
CEO Kazuhide Nakaniwa

KUMONOS Corporation

Foundation: | March, 1995

Osaka (HQ), Sapporo, Tokyo, Kanagawa,

Offices Kyushu, Kyoto, Nagano, San Francisco (USA)

Website: http://kumonos.info/

Main Business

m Surveying HQ Office in
Construction surveys, GPS surveys, Construction Management Osaka

B Geospatial information technology
3D laser scanning, MMS (Mobile Mapping System), Leica’s Pegasus, Bathymetry
using remote-controlled boat

m Inspections of concrete structures
- Crack measurement using our own technology, KUMONOS, Shin-KUMONOS
- Exterior wall diagnostics using KUMONOS and infrared tech. THERMODELTA
- Concrete scanning

m Development and Sales
- KUMONOS (crack inspection system)
- Baum Station (Pile driving control instrument)
- Yojimbo (accessory against overturning of tripods)
- Underwater robot development for concrete inspection

Concrete block Falling accident

on Shinkansen Tunnel in 1999

Collapses Caused by Deterioration

The I-35W Mississippi River
in Minneapolis, Minnesota, USA Expressway, Japan
on Aug 1st, 2007. A ceiling panel fell down on Dec
13 people died. 2nd, 2012.

9 people died.

The Sasago Tunnel on the Chuo

The Rapid Increase in Deteriorated Structures

Bridges over 50 years old (over 2 meter length)

(2016) (2026) (2036)

20%
» 44% » 68%

% Concrete structures have a useful life-span of approx. 50 years.

+ A lot of bridges in Japan were built between the 1960s through the 1980s.

- Approx. 70 % of them will have exceeded its service life in the next 20 years.

- The rapid increase in structures that need to be repaired puts constraints on a
budget.

- Remote Concrete Crack Inspection System




For Preventive Maintenance

Importance of Crack Inspection

Accurate Regular Inspection
+

Appropriate Precaution against
the Aging of Structures

$

- Prevent Future Tragedies

Mianus River Bridge N
- Save Future Repair Cost

Collapse in 1983

A crack is a sign of concrete damage / structural problems.
- Developing cracks is a common phenomenon in the process of deterioration.

- They are easy to inspect and the position and the cause of the defects can
be identified.

- The future progression of damages can be analyzed by monitoring their
growth over time.

Components of KUMONOS

How to Measure Crack Width

Hardware

Measure cracks’
widths using scale
marks added to cross-
hairs

Total Station

Built-in crack scale

Automatically plot out
measured data on AutoCAD
using special software

Angle Compensation

How to Measure Crack Shape

From a right angle From an oblique angle

Width looks different
$

Automatically compensated

@Continue to measure the bending point to the end.




Automatically Drawing

Crack’s Survey by KUMONOS

Polyline

Color
Layer Wall_Crack

Line
Length O Length of Crack
O Width of Crack

Shape of Crack

Measuring cracks from a distance

Minimum measurable crack
width by distance

0.2mm-wide cracks are measurable
from up to 45m away.

Remotely measure width, shape and
positional coordinates of cracks

Monitoring the changes of the crack

Monitoring the changes of the crack

:
~

AY o=

I 1 ( )
g

Length: 200mm — 340mm
Width: 0.1mm — 0.25mm

Inspection Result for 6 years

Legend

N 1 year
N\ 2 years
7\~ 3years
~_ 4 years

5 years

~ 6 years

1t year 27 year 3 year 4th year 5th year 6t year

Width (mm) W=0.08mm | W=0.10mm | W=0.10mm | W=0.15mm [W=0.20mm W=0.20mm
Length (m) L=900mm |1 =1300mm |L=1430mm |L=1820mm |L=2220mm |L=2510mm

Compare with +0.02mm [+0.00mm |+0.05mm  |[+0.05mm  [+0.00mm
last year +400mm | +130mm +390mm +400mm +290mm




Comparison with Conventional Method

[KUMONOS]

Plan/Preparation

[Conventional Method]

Plan/Preparation
Assembling scaffolds

@ Using KUMONO!

s S —— = o
; Remote measurement
using KUMONOS

|
I
|
CAD data from the 1 Automatically draws
]
U

Figure/Product Figure/Product

Visual Inspection
(Sketching)

L

[The result of a demonstrational inspection (4,800 ni of bridge piers)]
Total Cost : 1,253,000 JPY = 822,600 JPY 34.3% |
Man days for creating drawings : 14 man-days = 7 man-days 50.0% |

Tunnels

Measurement case studies of Tunnel

3D drawing

Development view

Crack Map (Visualize)

Repair point (enlargement drawing)

Up-lane

Down-lane

Legend
Less than 0.2mm crack width

Less than 0.2mm~0.5mm crack
width

More than 0.5mm crack width
Repaired cross-section area

Legend

Select repaired area

c o ] Less than 0.2mm crack width

by inspection resultlng Less than 0.2mm~0.5mm crack
idth

vl\;lll)re than 0.5mm crack width

Repaired cross-section area




Sample Drawing

Does not include

PHOTO-KUMONOS

Development Concept

Camera

v It enable photo images to have accurate dimensions

v The results by KUMONOS correct crack widths
obtained with photography

v It reduce time spent at the work site

Measurement of a Structure shape

Measurement of Reference Crack

The inspector measures some cracks as reference crack,
it means that it is unnecessary to measure all cracks on the site.




Photographing

Simulated Cracks

Minimum detectable crack width is 0.2mm
at a distance of 120 m

Correcting Distortion

Method

@®Camera Lens Correction
@Angle Compensation
®Stitching Images

A Measurement Drawing
@Picture Edition obtained by KUMONOS

Compensation to Frontal Picture

Picture Edition

Correcting Crack Widths

—

Decide the scale based on the
width measured by

\l 0.45mm measured by KUMONOS
KUMONOS

Desirables example of PHOTO-KUMONOS

Bridge Pier




Comparison KUMONOS with PHOTO-KUMONOS

KUMONOS PHOTO-
KUMONOS

Man-days 16 10
Cost(JPY) 820,000 540,000
Target Bridge Pier
Measured Area |4800m
N‘;:’ 1 |The inspector measures ,
Croe e approximately: 5 ;only reference cracks. |
- Drawings of structure are 1That is why it is possible :
known. ) to reduce the survey cost.,
- Crack list is not provided as s,
deliverable.

Proposal for Future Bridge
Inspection in Thailand

Hypothetical Total Inspection Cost

Proposed Method

Hypothetical condition
« Cost for the inspection per 1 bridge is 0.3 million (Baht)
« There are 100 Bridges

\0'3 0.3 0.3 0.3 J
Y

0.3 million (Baht) X 100 (Bridges) = 30 million (Baht)

etailed
Tnspection

[Brier
Inspection

Detailed inspection: 1 million (Baht) % 4 (type) X 1 (bridge)= 4million (Baht)
Briefly inspection. 0.03 million (Baht) x 4 (type) x 24 (bridges) = 2.9 million (Baht)

Total Cost: 6.9 million (Baht)

Our Other Technology for
Maintenance

3D Laser Scanner

About 3D Laser Scanner

3D data of terrain and structures
can be gathered without touching
the measurement object.

Unlike surveying and
measurement of a "single point"
with conventional surveying
instruments, 3D laser scanners
allow for fast and precise
information of thousands to
hundreds of thousands of points
per second.

Besides graphing and modeling it
is used in various fields such as
examination and maintenance,

3D
FARO Laser Scanner Focus and management.




Composition KUMONOS and 3D Laser Scanner

Composition KUMONOS and 3D Laser

Scanner
| 3D scanner (Point cloud) |
KUMONOS | ‘
Several Types of 3D Scanner
* Global GNSS/GPS
Triple Band, All Constellation, Novatel Propak 6
* Dual Velodyne VLP-16 Scanner
N o= 6075/, 360° [El#z x 30° #EEHA

DL —DmMYfHT

Internal Industrial PC
LFATCPU
1TBE @ WAEHDD

Remote Tablet Control Device
TAYLRETLuk
.

Light Sensor
BHEDREZEL Y —

5x 4MP Camera
5.5x55370,360° x200° /$/5REHR

MU
Bt BEIMU

Battery operated
ARy T e BABHE

Pegasus: Backpack Measurement Scene

Pegasus: Backpack Measurement Data




Introduce KUMONOS to all of the world

Overseas Expansion of
KUMONOS Corporation

Thank You For Your Attention

If you have any questions,
please do not hesitate to contact KUMONOS staff.
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1. BACKGROUND

Thailand is one of the most developed countries in the ASEAN region. In Thailand,
infrastructures have been intensively constructed since the 1980’s, and the government still
focuses on new construction®n the other hand, the existing infrastructures hbgen
gradually aged and increased, and it is concerned that maintenance works for the existing
structures are insufficient due to fiscal limitations.

Under such circumstances, the “Bridge Maintenance Management System (BMMS) was
established by Department of Highways (DOH) in collaboration with Kasetstart University in
2012, which is expected to give more reliable explanations to the government when a budget
request for road and bridge maintenance with continuous updates.

For more efficient and effective operation of the system and bridge maintenance, accuracy of
inspection result is one of critical factors to understand the soundness of structures and to
determine necessary rehabilitation and budgetary plans. However the precision of inspection
results for bridge inspection is still low in Thailand since the damage is inspected by direct
visual check and hand sketch / photographs. Moreover it is necessary to make policy and budget
makers aware of the importance of maintenance since bridge inspections have not conducted
sufficiently and properly due to the lack of budget.

It is concerned in Thailand that the lack of proper maintenance may result in critical social
problems such as increase of traffic accidents and economic loss like Japan and the USA.
Therefore the effort toward implementation of “Preventive Maintenance” is one of key subjects
for appropriate bridge management in Thailand.

2. OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING SME’S TECHNOLOGIES
(1) Purpose
The purpose of this Survey is to prove that the remote crack inspection system of
"KUMONOS" is applicable, useful and can contribute to execute appropriate infrastructure
asset management in Thailand.
The expected effects are as follows:
» To enhance the technical level of bridge inspection;
» To improve the existing method of bridge maintenance;
« To increase awareness on the importance of appropriate infrastructure asset
management among the concerned parties.
(2) Activities

Activityl: Infrastructure and Crack Inspection using KUMONOS

1



e Six bridges were inspected using KUMONOS by Thai engineers together with
Japanese experts. The knowledge and know-how were basically transferred to Thai
engineers through the lectures and on the job training. Prior site survey was executed
to select appropriate six bridges for the Pilot Survey (for the duration between
November 2016 and March 2017).

« Two inspection teams were formulated for the Pilot Survey and consisted of Japanese
trainers and Thai engineers.

* The inspection was executed at three different times in Bangkok area and/or rural area.
Each inspection has been completed within 2 weeks.

Activity?: Verification of Bridge Maintenance and Management System utilizing
KUMONOS
e The inspection results have been saved in the database of the current Bridge
Maintenance and Management System (BMMS) in DOH for further updates of the
system and future monitoring and analysis of cracks and other defects.
« Preliminary rehabilitation plan and deterioration prediction of main girder have been
prepared based on the obtained crack information during the Pilot Survey.

Activity3: Evaluation of KUMONOS in Bridge Maintenance and Management in Thailand

e The usefulness of KUMONOS in bridge maintenance in Thailand has been assessed in
the evaluation meeting on 1®ctober 2017, which was composed of Chulalongnkorn
University (CU) personnel, Burapha University (BU) personnel and DOH personnel.

Activity4: Dissemination of KUMONOS
1) Seminars for personnel related to infrastructure maintenance and management

e In order to encourage the involved engineers/personnel on bridge maintenance in
Thailand to recognize the importance of accurate deterioration identification and
prediction in infrastructure asset management as well as the advantages of
KUMONOS, the technical seminars were held ofi By and ¥ November 2017.

2) Seminars for Professors of Technical Colleges

* Educational seminars were held to share the experience in Japan as well as practical
knowledge and skills on KUMONOS to professors of technical colleges in Thailand.

* The colleges are then expected to raise engineers who can use KUMONOS on site.

Activity5: Technical Support for Establishment of KUMONOS Guidelines

e Technical support was provided to Suranaree Technical College and Bureau of

Vocational Education for establishing a teaching guideline and program of
KUMONOS.



(3) Information of ProductTechnology to be Provided

Product Name Concrete Crack Measurement System "KUMONOS”

Components - Total Station (measuring distance and angle
+ Built-in crack scale
+ Analysis softwar

@ Noncontact measurement from

Features " )
0.4 mm of crack width can be measured at 100 meters away without scaffolds.
<Measurable crack width due to distabxce
Distance (m) 15 5 10 20 50 100
Measurable width (mm) 0.01 0.02 0.04 0.0p 0.22 0.44
@ Accurate crack inspection by surveying instrument
Cracks width, shape, and location (3D coordinates) can be accurately measured / obtained
from distant locations by surveying instruments with a built-in crack scale and a high
magnification of telescope (x42).
@ Quantitative monitoring of crack growth
Crack growth can be quantitatively monitored from the results of periodical inspections since
the 3D coordinates of cracks can be obtained and stored by the KUMONOS.
@ Compensation of collimation angle
By the KUMONOS, the collimation angle can be automatically compensated and the acgurate
crack width can be obtained.
® Automatic plotting of inspection results
The KUMONOS office software automatically converts the acquired measurement data (3D
coordinates, width and shape) to the Auto CAD data and creates the plotted d
Advantages [ Comparison with the direct visual inspectior]

Advantage 1: Unnecessity of direct visual inspection

Cost

Safety

X Surveyed Bridge Surface Area is
less than 4,000m2

Expansion of inspection range

+ More efficient inspection is possible since vehicles for high lift work and scaffolds are
unnecessary as the direct visual inspection

+ Safety during inspection works can be improved since works at high place is unnecegsary.
- KUMONOS is applicable to the inaccessible structures located on busy streets, riverg etc.

Advantage 2: Improvement of the accuracy

Photo

Surveying
Instrument High reproducibility

Sketch

- Variations in inspection results due by the sketching can be avoided by application of|the
KUMONOS.
» The accuracy of inspection results is highly improved since the crack location and shape can
be obtained in 3D coordinat




Advantages

Advantage 3: Improvement of work efficiency

Shortening  of
the inspection
period
X Surveyed Bridge Surface Area is
less than 4,000m2

=Di ion

- The step for producing digital data from manuscript sketches is unnecessary and this
achieve about 30 % of inspectiot

can

[Comparison with crack measuring method by digital camer3d

Advantage 1: Low load in analysis of measurement results

Small data size

¥Maximum data size ; 10kByte / file

Mass storage

Automatic analysis and
creation of CAD drawings
by dedicated software

High Resolution
Photographs

- Data processing is fast due to small data size
+ Inspection results can be checked on site though automatic plot by KUMONOS and
oversights can be avoid:

Advantage 2: High measurement accuracy

Measure s due to

uncl

Unclear outlines on High accuracy

photographs

» Measurement results are quite reliable since crack width is measured by overlapping

gauge on cracks through telescope.

+ Measurable crack width is smaller than the conventional measurement method by dig
camere

crack

ital

Advantage 3: Measurement from an oblique angle

Automatic compensation of
collimation anale

¥ Crack width is accurately measured from

the angle and/or distance between surveying

instrument and cracks

Measurement from an oblique
angle is possible

3% Photography from the front is necessary

+ Crack width can be accurately measured even from an oblique angle since collimatio
is automatically compensed in the KUMONOS

N angle

Sales : 145 units / Inspection services : more than 1,000 sites in Japan

Sales

Sales : 22 units / Inspection services : 6 (inc. demonstratio) in other countrie
Size Size (HxWxL) : 34.5cmx22.6cmx20.3cmWeight : 5.8 kg
:Qg;"’tlill)"’:tion The KUMONOS system is portable and unnecessary to be left on the site.
Transportec 6 units
instrument




(4) Counterpart Organization
Chulalongkorn University (Counterpart Organization)
Bureau of Bridge Construction, Department of Highways (Supporting Organization)

(5) Target Area and Beneficiaries
Target Area: Bangkok area, rural area far from Bangkok as shown in the below
figure.

iR

Location ofithe Pilot Crack Inspections

& s

Source: http://www.craftmap.box-i.net/ and Google Map
Figure. 1 Target Area and Location of Pilot Inspections

Beneficiaries: Parties related to operation, maintenance and management of road
bridges in Thailand (government agencies, local private enterprises, and local
university/research institutes)

(6) Duration
One year six months from September 2016 to February 2018.



(7) Progress Schedule
Table. 1 Survey Progress Schedule

Survey Item

1. Implementation Plan & Data Collection

2. Pilot Crack Inspection

2-1|Preparations

2-2|Procurement of Survey Equipment

2-3|Pilot Crack Inspection

3. Verification of Bridge Maintenance

3-1|Input Pilot Survey Data to the Existihg BMMS

3-2(Simulatin by Survey Data

3-3|Analysis, Evaluation

4. Promotion of KUMONOS

4-1|Technical Seminar

4-2|Lecture at Technical College

4-3|Support on Establishment of Guidelines

5. Business Plan for KUMONOS

5-1[Market Research

5-2|Business Matching with Local Companies

5-3|Preparation of Business Implementation Plan

= = = 5 Thailand (Plan) s Thailand (Actual)
=mEE Japan (Plan) = Japan (Actual)

Source: JICA Survey Team




(8) Manning Schedule

P o Item 2016 2018 Totaldays Total man-month
osition Name et Se [ oa Dec | Ja | Fel | Oversea] Domesic _Oversef _ Domest
Kazuhide | kumonos | 4" g s 2 | 110 060
Team Leader Nakal c rat

lakaniwa orporation [ o ] E 2 15 0.87 0.75
Technical kumonos | PR" ] b > i 050

Adviser | SPUFUIR | comoration
P Actual A 7 0 % | 27 | o087 135

Deputy Team .

Leader/Senior| Makoto | kumonos | P 12 | 52 | 473 | 260
Technical [ Narukawa| —Corporation [, o 7 3 247 165
Trainer:

Sanior Technica| ~ Akihiko kumonos | 7" :“ 8 3 | 280 115
Trainer2 | Miyamoto | Corporation |, o Zﬂ - . 277 150
Daisuke | Kkumonos | @ E| > | 180 325

Coordinator Nishi Corporation

P Actual 74 | 187 | 247 9.35
' Natsuki | Kkumonos | P > > | 180 275
Dissemination Nakagawa Corporation
Activiies 9 P Actual s | 133 | 187 6.65
. Yusuke KUMONOS Pen ° ° 0.00 0.00
Technical Traingr Nagase Cormoration
9 porati Actual 40 9 1.33 0.45
. . Hidetoshi Oriental Plan aA = 113 115
Chief Adviser Nakano Consultants
Actual 33 237 1.10 1.18
Yingyongraf Oriental Plan 25 5 0.83 0.25
Senior Adviser| tanakul Consultants Globdl
Narentorn Actual 33 0 110 0.00
Pl 75 42
Bridge Yusuke Oriental an 250 210
Maintenance Suzuki [ Consultants Gobgl » o 7 23 0.23 115
Oriental Plan o 0 0.00 0.00
Consultants Globd!
Actual 45 205
Bridge Yasuhisa o 150 103
Maintenance2| Suganumal
Kosai Plan o 0 0.00 0.00
Consultants Actual 0 13 0.00 0.65
Domestic | Nobuyoshi| Graduate School| 7" 8 o 0.60 0.45
Adviser Yabuki | Osaka Ut Y| Actual 12 13 0.40 0.65
Local Adviser /| Toyoshige| THAI Plan ° ° 0.00 0.00
Coordinator | Furusono NISHIMATSU
CONSTRUCTION| Actual o 0 0.00 0.00
Local Adviser / Yuiji THAI Plan ° o 0.00 470
Coordinator2 [ Maruoka NISHIMATSU
CONSTRUCTION| Actual o 94 0.00 4.70
Senior Technical  Shinichi  [Mitogiyutusekkei- Plan 0 ° 197 0.00
Trainer3 Yamada |Consultant Actual 10 1.47 0.50
. Plan 64 o 213 0.00
Sen_\?rra;eecr;mc i ';’e"i‘a::n PASCO(Thailand
! Actual 10 36 0.33 1.80
KUMONOS Corporation, ManMonth Total Plan) 12.97| 10.8
KUMONOS Corporation, ManMonth TotalActual 12.63| 21.7(
Others, ManMonth Total Plan) 9.17| 8.6
Others, ManMonth TotalActual 6.13 11.64
Total Mar-Month(Plan) 2213 19.5(
Total Mar Month(Actual 18.77| 33.3(
| EEER Domestic

Source: JICA Survey Team

Figure. 2 Manning Schedule



(9) Implementation System

[Others]

[Executing Companyl

KUMONOS Corporation

Overall Project Management
c

and

Reports

Technical Training on Using Equipment
Preparation of Implementation Plan and

of

Oriental Consultants Co., Ltd.

’ Oriental Consultants Global Co., Ltd ‘

l Kosai Consultants Co., Ltd ‘

« Survey Implementation Support
+ Technical Advice on Bridge Maintenance
« Coordination with C/P and Related

Local Contractor

Japanese University

Inspection Company

THAI NISHIMATSU
CONSTRUCTION Co., LTD.

Graduate School, Osaka University

’ Mitogijyutusekkei-consultant ‘
Co., Ltd.

 Business Support and Advice in Local
Market

« Transportation and Receiving Equipment

* Assistance of Seminars

« Technical Advice on Verification and
Promotion from the Academic Aspect

’ Pasco (Thailand) Co., Ltd. ‘

Technical Support on Pilot Inspections al
the Site

« Advice in Discussion with Local Professor

Support on Technical Training on Local

and C/P Engineers
grgamzanons « Lecture in Technical Seminars
+ Supporton Necessary Documents
[Local Logistic Support]
Onerial Consuiants Global Co. Ly NISHIO RENT ALL (THAILAND) CO., LTD.

Bangkok Office

Source: JICA Survey Team

Figure. 3 Survey Implementation Organization

[c/P])

Chulalongkorn
University

[Supporting Organization)

(Japan Side)

MOE

Bureau of Vocational
Education

_| Bureau of Bridge Construction | |

Technical Colleges

 Evaluation of Usefulness

v

* Providing Survey Sites

* Providing Documents and Data
* Implementation of Survey

« Evaluation of Usefulness

v

Verification Activity

* Pilot Survey

* Verification of Bridge Maintenance and Management System

¢ Lecture * Participation and Consideration
Promotion #
* Workshop/ Assistance for
* Seminar the Establishment of
Technical Guideline

*

¢ Planning & Operation
* Procurement of Equipment
« Technical Training(OJT)

¢ Planning & Operation
* Lecture

Japanese Side

Source: JICA Survey Team

*

¢ Planning & Operation
* Providing Documents
and Data

Figure. 4 Survey Implementation Organization (Thai Side)




3. ACHIEVEMENT OF THE SURVEY
(1) Outputs and Outcomes of the Survey

Outputs of the pilot survey
Six bridges for the pilot survey have been selected out of 25 bridges nominated by DOH,
based on the prior site survey which was executed in the duration between November 2016
and March 2017. Prior to the pilot survey, the technical training was conducted for CU
students and DOH engineers separately.
Table.2 List of target bridges

No | Name of bridge Province Survey duration

1 Pathumthani Bridge| Pathumthani May 24 to June 9, 2017
2 | Siriluk Bridge Ratchaburi May 24 to June 9, 2017
3 Bang Pakong Bridge Chachengsao June 28 to July 7, 2017
4 | Prachinburi Bridge Prachinburi June 28 to July 7, 2017
5 Railway Bridge Samutsakorn August 1 to 11, 2017
6 Bangrachan Bridge Singburi August 1to 11, 2017

Source: JICA Survey Team

The pilot survey of six bridges listed above was carried out by two joint teams of Thai and
Japanese engineers on May, June and August 2017. These bridges were constructed in
different years, and so, different stages of degradation have been surveyed. In case of
Pathumtani Bridge, 3D laser scanning was also carried out. The pilot survey with
KUMONOS has demonstrated accurate measurement of cracks including those which the
present methods are not able to capture. Advantage of KUMONOS which works from a
distance has been evidentially displayed. It has showed a great contrast with the classical
survey carried out from an elevating work platform or scaffoldings, which was often
hampered by electric cables closely extended along the bridge.

KUMONOS survey data has been saved in the database of the present BMMS as attached
files, in the form of drawings in DWG format, PDF data of 2D and 3D drawings, and a
crack list. KUMONOS data saved in BMMS would be useful for future analysis of
degradation by comparing it with then inspection results of the bridge. Nevertheless,
KUMONOS would be utilized in much better way to select a remedy measure, prepare a
cost estimate and prioritize measures to be taken, if the present BMMS adapts necessary
modification. In cooperation with CU, DOH and IMMS which are very positive to
improve the present system, necessary changes with adequate crack parameters and
analysis method will be proposed.



[3D drawing] [Drawing of a pier]

Source: JICA Survey Team

Figure. 5 Survey outputs (Pathumthani Bridge)

Simulation for data utilization
In order to demonstrate data utilization, Bang Pakong Bridge which sustains more number
of cracks was chosen as a pilot bridge for the simulation. The main girders have sustained
bending cracks predominantly in the middle of the span, and no stain nor
deflection/deformation to alarming extent has been observed. Majority of those cracks are
observed 0.04mm in width. Live load is suspected as main cause of the cracks. In Japan, it
is commonly recognized that a crack more than 0.2mm in width requires remedy measures.
In case of Bang Pakong Bridge, only 2% out of all the cracks on the main girders fall into
this category.
Accurate coordinates of a crack surveyed with KUMONOS materializes deterioration
prediction by analyzing crack data measured at least in three different times. The limited
data from the one-time pilot survey should not be enough for the prediction. Yet, simple
simulation was demonstrated to estimate future development of the bending cracks in two
different cases; one is the case when corrective maintenance was adapted, and in other
case, preventive maintenance was taken up. The simulation has shown drastic difference
between the results in the two cases. As indicated on Figure.7, taken the corrective
maintenance approach, the bridge becomes require major repair 25 years from now,
whereas it keeps good health even after 35 years by following the preventive maintenance

approach.
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Source: JICA Survey Team

Figure. 6 Cracks sustained on main girders of Bang Pakong Bridge (A1 Abutment - P5

Pier) (Horizontal projection)
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Source: JICA Survey Team

Figure. 7 Simulation for development of crack on main girders of Bang Pakong Bridge

(Al Abutment - P5 Pier)

iii. Utility verification of KUMONOS

The advantage of KUMONOS, which is to measure cracks accurately from a distance, has

been well shared among the agencies concerned through implementation of the pilot

survey. The verification meeting organized on October 16, 2017 with experts and students

from CU and BU as well as officials from DOH including the director of the Bridge
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Construction Bureau presented a comparison between the present and proposed methods
of crack measurement as shown below. A number of positive feedbacks from the experts,
students and officials from CU, BU as well as DOH have been received during the
meeting. The feedback showed high expectation to KUMONOS to improve data accuracy
and the database so as to support informed decision and budget appropriation.

Table.3 Comparison between KUMONOS and conventional method in Thailand

Conventional method in Thailand KUMONOS

Accuracy Low High

Measured crack information Drawn by human Generated by software

Human error Many Few (require trained
personnel)

Time for inspection Quick Require time especially for
the Bttime

Time for data processing Recorded and stored by Human Converted and generated by
software

Costfor inspection Cheap for rough inspection but may Expensive (Device)

have extra-cost for measuring crack
in height (i.e. scaffolding)

Cost for data producing Cheap Expensive (Software)

Crack Database Difficult to track Easy to track

Source: JICA Survey Team based on CU’s presentation material

In order for effective utilization of KUMONOS in infrastructure maintenance and
management, technology and know-how need to be transferred to engineers who conduct
bridge inspection on daily basis. As remarked by CU students, it was felt easy to learn the
operation of KUMONOS for those who were used to operate Total Station. A good
example is the two CU students who took part of the pilot survey and learnt operation of
KUMONOS. After three times of experience during the pilot survey, they have become
capable to carry out crack measurement with KUMONOS by themselves. . Their capacity
obtained has been categorized in Level 2 of the KUMONOS Corporation (KC) technical
standard and successfully reached up to the target level. Similarly, operation of
KUMONOS would be learnt by engineers through on the job training.

Dissemination on importance of maintenance and management
The two seminars organized jointly by CU and KC have raised up awareness on
infrastructure maintenance and management. It was felt that the participants have been
highly interested in infrastructure maintenance technology. The first seminar organized on

12



May 30, 2017 at CU targeted entities in technical background. Better maintenance and
management system to be developed with KUMONOS was explained to 46 participants.
Conscious of the importance of the government initiatives, the second seminar on
November 7, 2017 at the Embassy of Japan in Thailand invited participants also from the
government authorities. Including chiefs of state divisions associating with policy and
planning, as well as presidents and board members of private enterprises, more than
seventy participants attended the seminar. In this seminar, five Japanese enterprises, which
are Hanshin Expressway Co., Ltd, Kanamori Co., Ltd, Metropolitan Expressway Co., Ltd,
Oriental Consultants Co., Ltd and KC, gave presentations which focused on theory and
experience of infrastructure maintenance implemented by the respective enterprise.

The questionnaire from the participants indicated that the similar challenges on
infrastructure management have been found all over the country. Most of those challenges
are associating with three categories; ‘organization and human resource’, ‘financial
resource’ and ‘technology’. Many positive feedback filled in the questionnaire indicates
that the technology of KUMONOS to cope with the existing challenges in Thailand have
already been understood and shared among the participants.

(2) Self-reliant and Continual Activities to be conducted by Counterpart Organization
The KUMONOS equipment provided to CU would be continuously utilized in teaching
curriculum of the university. To undergraduate students, it is proposed to teach operation of
KUMONOS as a tool for quality control of construction in the course. Graduate students
would focus on data management technology with KUMONOS. The civil engineering
graduates who learn importance of infrastructure maintenance and management with
KUMONOS would take significant roles to cope with development issues and challenges in
Thailand in near future.
CU is very positive to continue advanced study and research on adaptation of KUMONOS in
bridge maintenance and management, and the research target would be extended to different
types of infrastructure, such as buildings, dams and ports. CU has an interest in establishing
‘Crack Analysis Center’ which helps to process crack data and advises the government
appropriate measures to be taken against damages by analyzing data and identifying cause of
cracks.

4. FUTURE PROSPECTS
(1) Impact and Effect on the Concerned Development Issues through Business Development of
the Product/ Technology in the Surveyed Country

i.  Improved reliability on the maintenance and management system
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KUMONOS materializes high accuracy for measurement of cracks and other degradation
and damages. Accurate and reproducible data from KUMONOS makes it possible to
estimate development of degradation over time, and planned out appropriate timing and
type of remedy measure. The deterioration prediction is in such a way useful and efficient
to scientifically make a decision for infrastructure maintenance and management, yet with
the present method, it has been difficult to produce it. The survey of Bhumibol Bridge
carried out on October 11, 2017 upon request from DRR was a good example to
demonstrate how KUMONOS functioned to access chronological development of cracks.
It has confirmed that the cracks have not been developed since the year of 2013 when KC
has surveyed the same cracks during the project feasibility survey.

KUMONOS drastically reduces survey cost which was largely spent for elevating work
platforms and scaffoldings. In case of Japan, KUMONOS has achieved 35% reduction of
total survey cost. It would cope with the current challenges of insufficient coverage of
inspection. KUMONOS also expands the area of inspection, which have been never
reachable before. The survey of Rama VIII Bridge carried out on March 14, 2017 after
receiving a survey approval from BMA was an amazing demonstration for this advantage.
KUMONOS has taken measurement of the cracks sustained on its main tower of 160
meter in height.

[Railway Bridge] [Rama VIII Bridge]
Source: JICA Survey Team
Figure. 8 Survey of Railway Bridge and Rama VIII Bridge

Enhancement of preventive maintenance approach
Importance of preventive maintenance and management has already been shared among
many people in Thailand, including those who are involved in policy making and planning
on maintenance and management in the Government. The two seminars organized have
further disseminated the concept of preventive maintenance. Nonetheless, the preventive
maintenance approach needs accurate survey data and a reliable database. KUMONS
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provides advanced technology required for preventive maintenance approach, which
works in the present infrastructure maintenance and management system in Thailand.

(2) Lessons Learned and Recommendation through the Survey

Sustainable education for engineers
Implementation of the survey with KUMONOS requires engineer who are able to operate
KUMONOS. Whereas graduates of CU will take important roles in policy making and
planning in agencies concerned, the engineers who carry out the KUMONOS survey on
site need to be trained in technical college. The collaboration with Suranaree Technical
College where the training program was organized from March 20 to 23, 2017 needs to be
continued in sustainable basis. The KUMONOS training curriculum has been already
drafted by lecturers during the program in the college.
CU’s initiatives for continuous study and research on adaptation of the new technology in
infrastructure maintenance and management, and establishment of Crack Analysis Center
would bring tremendous benefits for institutionalization of sustainable maintenance cycle -
inspection, analysis and remedy measure - for bridge and other infrastructure.

Institutionalization of preventive maintenance approach
In some bridges, concrete spalled off the surface has been left in a risk of falling down
over busy traffic. And in other cases, any anticorrosive has not been applied for steel
reinforcement bars exposed. Importance of regular inspection and necessary repair on time
is commonly understood, but in reality, it has not been strictly practiced due to the current
limitation of financial and human resources as well as technology. While KUMONOS
technology provides solution to such ground reality, the endeavor to disseminating the
preventive maintenance approach needs to be continued in order to institutionalize the
preventive maintenance system through initiatives of the government authority.

Last but not least, we would like to express our appreciation to all the entities involved in the

survey. This survey would not be materialized without cooperation with C/P namely CU, and

also the government agencies including DOH, private enterprises and academic institutes

which have supported the survey.
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ATTACHMENT: OUTLINE OF THE SURVEY
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