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# # 5870311821 : MAJOR CIVIL ENGINEERING

KEYWORDS: DESIGN ERRORS / INCOMPLETE DESIGN / KNOWLEDGE-BASED SYSTEM / HIGH-RISE

BUILDING
SIREETHORN NAMAMUTI: DEVELOPMENT OF KNOWLEDGE-BASED SYSTEM FOR
CHECKING INCOMPLETE DRAWINGS AND SPECIFICATIONS IN HIGH-RISE BUILDING
PROJECTS. ADVISOR: ASST. PROF. VACHARA PEANSUPAP, Ph.D., 255 pp.

Design errors could impact cost, schedule, quality, and safety of construction
project, especially in high-rise building project. Drawings and specifications of this type of
building are too complex so that designer may miss some work details. Previous researches
on incomplete design problems mainly focused on case study in construction project.
However, the researches still lack of checking system for detecting any incomplete design
problems. This research aims to analyze causes and problems of incomplete design aspect
and to develop the knowledge-based system for checking incomplete design in design
documents. This research is divided data collection into two parts. The first part is survey
questionnaire about causes of design errors. The second part is expert interview about causes
and effects from case studies of incomplete design, which was benefit for developing
knowledge-based system. The result from the first part found that incomplete design is one
of the main causes of design error in construction project. Moreover, designers still edited
and improved design documents during construction phase which lead to design errors. In
addition, experts who participated in this questionnaire advise to analyze mistakes in
previous project, interview experts who have experience in construction field, and examine
the best way to preventing design error. For the second part, the interview topic focused on
incomplete design issues that have impact on the quality of construction work. The result
found that causes of incomplete design are missing detail of material in construction
drawings and missing details of construction method in specifications. Finally, the decision
tree is developed from interview case studies of incomplete design that impact on quality.
Then experts determined for reliability and accuracy of all decision trees. The decision trees
that pass rating scale criteria will be used for developing knowledge-based system for
checking incomplete drawings and specifications. As a result, this knowledge-based system

can support inexperienced designers to avoid the design errors problem.

Department:  Civil Engineering Student's Signature
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Academic Year: 2017
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1m3g1U (Criteria)

11991900 U (Plan)

. ey (Function)
« Wu3An (Concept)
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>_(Conceptual design)
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design)

« dndau (Proportion)
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+ Wanauiu (Response)
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=

(Proportion)
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Satisfactor

1BNa15N1598NLUY (Design Document)

+ wuugy (Drawings)

+ §78115U5ENaULUU (Specification)
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2.1.2 nansn1seankuy (Design Document)
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(Specification)
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U384 Lopez et al. (2010) Anwuazdauszianvasdyminisesniuuiianain
uay anmgvhlfAnnisesnuuuRiamasluiuieains lnsdnnguanuianainainavni
Aneondu 3 nqu lawn nquvinvsiasamuaanse, naunguang wazngunisihiuldvizany
uananiauifedindnditsdnvurvesdefianatnniusefureuiundu 3 Ussian Ao

TLAUYARINT, TEAUNMTUIMNISIANS, SeAuesdns analinmsendiegreguuuulamueins

2NUUTULATEAU AILEAIIUAITIN 2.1

MINA 2.1 A5 NLERIUTENYRIE AT AR N1 ToRNRUURANA A

1n® (Lopez et al., 2010)

nauauannaliian1g

AU sunuutgymvesniseanuuy
2ONUUURANATN
goydunsRgulUamaius ey,
919uad wazlyg@adinasongAnssu NNYLRAS A LA

WAAIMNT | (| 6ss of biorhythm)

WORANITUARAUNG (Adverse behavior) | nM3ehiulalviga

Taifluszaunsal (Inadequate .
NNYELLASAINUEAINITN

training/inexperience)

yuuspluslRlifiuszansSan
ng Y
- (Ineffective utilization of automation)
ASUSUNS

. ANNUANTDIVBINTUTEAUAA N
I0NT NHYNY

(Inadequate quality assurance)

NITLUITUAINTS (Competitive .
VINWELAZANEILITE

professional fees)

{ o . . oA 1o
B3ANT {]iymﬁaﬂgjﬂm (Client/end user issues) | M3ERulsvim

fkUsSaaa (Time constraints) VINWYLALALENNNTE
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Auliiusgansnmlunisyssanuny
(Ineffective coordination and NNy

integration)
NANT

ANMUUNNTBILUNISAANTUNSDINTT
naa31e (Inadequate consideration EAVERL

toward constructability)

UIYYBY Taylor (2007) ANWIANUNATDINITOBNUUURANAIANAINAADA5LAN
guRmglulassnsneaiialssnuai Ingsiusiudeyanisiingifvgainsieau 250 aty

WouAsIErdaya 3NN1TATIERYRYaNS1BUNSAngURwmANUIINISRn Ty

Y Y

&

wuuneassiianatatululyminiiunuimnuiniign Baudintunoun1sMuNILUeBNLUUIY

L]

WUTOHANAIALALAINNTNANAIURANGINYDINTBRNWUY wAndalideRanaindinuvioet

wagdamasiansiingURmnlunsyuIunsedlulssnu

[ 7
Y

HAN1SANYINUIEL ANV IAAAN1TRNIUURANGIAIINNTUANYIVIAEY 52 N8 &
U Qy ¥ 1 LY A a ¥ a 1 a
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YamRuUANILNALARANATR, NISRARBTDAINUANISUSMISIANISRaN1SAsuLUaY (MOQ),

Fumaulunisesnwuulilvungay, nslinszudndeaninnieauy WJumu

1ATee Mryyian & Tzortzopoulos (2013) na1afiaunasiivnvesnisdeuss T
lun1seanuuu lngAnwraunguesauianainlaynisgyideainniseanuuuluyienis
onuuvedlasanseImsTiinende uasimuInseuauAniletiomdsdeenuuylunism
uwnasTnvesmadeUstlenilunsesnuuululsdardisvesmsoonuuy Tnetfudeyasuide
TudssinmassuauainmsdunivalimnsiesnuuuanlauTevienyuy, IMNnsgesnuuuain

6

auANIAINTINUTEINATDTLAY WAZETIBRINNITUSTUIS Feluudunivalldsuuuuaina

Y

AInaU 5 58U (five-point Likert scale) Tun1snounuuaauniu loun usageg19ds, 1

g8, Urunany, taiuse, liiusigegiada
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HAGNEIINNTHUNBAIN U@ UNAVANVBINSIATORANAIAKAZ N TFYLFAINNTS
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WA vea Suther (1998) na1iiis Jadeddniddruvliintefianainainnis
99NLUY WANIANYIINNIAITIAgRoULULaBUAALIfY T dddnisldruriliAn
FoRanainainniseanuuy Loun a1an1sUszaueuiin, Snatlifismedmsuaduay
NUMIULBNENS, HRBNWUUYINANTHaTUTEAUNITAIAIUNITAREASNS, AINRANAINVBILYYE
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UULDINNFDBNUUY UAZHHNDIINATUMNNIATING F9RN5197 2.2

M15°9% 2.2 muansladedifgiddilniaterRanainaInNn1seenikuuaINyUNedaIN

WAYDILATINTG, UNUBINKHBONUUY WagduNesNgsumalasens (Suther, 1998)
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AIAAUIN astands

ATUANAMNA TN Z Y

- Y1ANITUTLEIUNU
SeINgEY

- Spunaldvanunnifululy
ANTNUMIUNUVDIADULN

LALIAINT

- YIANITINUHUAITIANTT

Runuluseevend

- 9IANTTUTTANUI UL
msaeansnelure

NLUU

- MUsEAUUA UL
AUSNYIvRIlATINIG ot

anlin

- AU ARALN BN UVBULUR

Y0ILIa"
- 1ANSUSERIUITULAL AT
Hoans

- sutszanaildluns

ADALUUMN

- NMIVIAUTLAUNTIVDIET

bbUU

- MsldusEauaUTEnIN
rnggaaniuukazE AUTNW

994lAINNT

- anAbiuszanuauludiu
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- MIgUanNUHANAATLY

P a
LWEIND Way n1stlagulua

9UIT8U89 Reichart (1988) nandea L naNvinliiie
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9

YDNANAIAVDINITODNUUULAL
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YDINITOONLUULAL TORANAIAVBINITNDEATY

1%
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VDINANAINVDILUUNDFAINLAE

VDHANDINVBINTITINDETIN

1%
¥
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Y
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JUN 2.3 UanuruiatayaaingnsiiatoRanaInue L uUNeas 1aLasTaRANa1AY8IN1S

Ao@s19 (Reichart, 1988)
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NMTANYNIWITENUINAUNAVBINITBONWUURANAIALIVAINYAYUNBIUANATS
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Joyaluniseanuwuulyl
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bWENND

ALY UTDANAUAN

WANARANANA

Junaulun1TenLUU

Talwngay

NNSVINTIUALLDUAVDY

LBNAIINITEBNLUY

2.3 uansenuanldgniniseanuuiiianain

ANRANAIALUNITEONILUY (Design error) danaliuuunaasisdiyuinelunis
Aoad1msen1stoNUnF ANRANAIAYBINITEBNKUUMINATIVERUNUTUYIINITOBNLUY
W3eYneuUNIIieasugeanLuuaIITadsukUatLuuneaiaigndedlag ludemanseny
Tn9siolasenis wamnuudeRnnainvesnisesnuwuulutisvasnisandusuneasisliud

a o o < 2 1 ¥ 1 o [l =
wagnuANURANaInnendIdndude s tuiuuneaeluikaziilugnisuntyanulng &
1UT8Y09 Love, Lopez, Edwards, & Goh (2011) waz Love et al. (2013) Wu31N1588nLkUY
Ranatntudududdgyfdenansenunelasenisiunansainu 1wy #ansenumuaildangves

1ASIN1S, HANTENUMULIAITBLATING, NansenuauAulasniovedasinis Wusu

2.3.1 HanIENUAUALGNe

Arldaelunsduiununeadisiu iensoonuuvianangirefosieiiu
Wnduannsiiuiusuumnuuuddlalldneasns udasiinansenunntudenudeRinnan
NnuUUReasmdimsteadrnaiauds dddutunsunisesnwuuvedlassnismniinnig
gonwuuinaraunsaandymduaildinefiuiulsyuinmedasinig Inesudsefidnw

[

atuayUALINUNANSENUYDILUUNDES 1 RANaIA U T 18909lATINTS TR

I Vad Mills, Love, & Williams (2009) ¥innnsanwinansenualtanelulasanig

[

Megorfenasidluszinnelse Useimaoaansiieviasenined a.m. 1983 f1 A.A.1999 lng

TIUTINUBYAIINNBINUTINAUTE A UTNBE1AE (Housing Guarantee Fund : HGF) gy
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N3:3enTesAdeIgve LN dllanuatuNNIasluuneasIe nuAdeneiaTy

Tneiadewiniy 4,245 peaarsesdinside Andu 4% andygraunedsng

11U398989 Love & Li (2000) Anwiiiudeyaannngusiegie 21asan1s 1309
| [ a dy Qy dl' 1 1 Id I
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Love, Lopez, Edwards, et al. (2011) Anw1iadefivinlduuudeadrefianainain
Tassnsineglusfin lagauddedinaniinnuuand11a1nauifensniiuena g ueans
sankuuRenaneanilu 3 szAu Ao szAuyAaINs, sTAUMIUIMITIANS, s2AUesAns Tng
nsiAaAURANaIALazuUININLATYTY L UUNDET N NITOLUIDNANULABY TEAU KU
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Tusuil 24 TnensouuwAndsssuuesuededitaianiiatuluseduyana, seduuinis
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yAna (People) > 89An3 (Organization) { E:: > 1Asan1s (Project)

- syAuvinue (skill
level)

- Uszaunisal
(experience)

- ansfoydnilnlumin
(accountability)

- anmenuduogia
(well being)

~ szuaumsAndilyl
#391U (cognitive
dissonance)

- ANYULYARNAMN

(personality type)

- YIANITRANW/NISITEU
(lack of
training/education)

- n¥wensTilif (poor
resource)

- mMsusnsladf (poor
management)

- Tdweluladlalaf
(poor use technology)

- nagns&eilai (poor
strategy&Leadership)

- 91pAN 007N (lack

of professionalism)

- syuudansiasanst
14iA (poor project
governance)

- iuATEULIRLIA
(poor scope defination)

-~ szuuMsInTeuuuLiy
(traditional procurement)

- MIUTTYALUULYTY
511 (competitive
tendering)

- VIFUARTALLES
(adversarial attitudes)

- NITIVTILUUNBAT
14if (poor design

integration)

nsUIMIsIAN1sAN;  (Kno

ledge management)

N15UBINUNISHNANITBBNLUURN

(Design error prevention)

yaAa (People)

- prwTiAneINNIg
Feaw(Situated
cognition)

- YSudsangdingsu
(Behavior
modification)

- AIINNIT
AULATEA (Stress
management)

- @NUIAAIVAY

fkea(Personal

29AN3 (Organization)

- NISUTMITIANTY
AN (Quality
management)

- MITHNNURNITHAIUY
(Training&development)
- ATEUIUNMTUINNG
(Administrative

procedure)

- guvutnUUR
(Community of practice)

- MSUSHISIANIS

1A39M5 (Project)

- ASYUIUNSIATEUUY
NEUNaU (Integrated
procurement)

- ansaneasnela
(Constructability)

- NSEUIUMSUTUUSS
\WAuuUadueteenng
(Benchmarking)

- MIUINITINNITAIY

e (Risk management)
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controllability) n§nens (Resource - Anwn5n13 (Gateway
- Lm@jﬂﬁ] management) reviews)
(Motivation) - NAYNSEIAUTTIH - Ansluegrafiden
_ amhminuazoen (Strategy&culture) (Champions of practice)
Anasne (Diet and - walulad - usegalaludayan
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extinguishing
(Sprinkler)

B L T T TP PP PP 4

Pset_BuildingCommon I—‘:—){ SprinklerProtection T
+>{ SprinklerProtectionAutomatic |

Pset_BuildingUse

Pset_FireRatingProperties }—19{ IsCombustible | Fire-protective
> Door  |—>| Pset_DoorCommon ->| ..... FieExt | :
| [ ouwargext |
+>{ IsExternal | :
> Star  |—>{ Pset_StairCommon }— :
Direct stair and
| Pset_FireRatingProperties  |——=>{ IsCombustitie | SxcApR SR
—)[ Elevator }—){ Pset_TransportElementCommon }—;){FtreExn l Imm|
>{  space  }—>{ Pset_SpaceFireSatetyRequirements }—-> FireExit | | satetyzone |
[ Wal__}—>{ Pset WatCommon || Combustible | [ Fire compartment |
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(Choi et al., 2014)

l 1. Check target |

e—
.

It is not
target

e

...........................

....................

<Variables>

nStorey : Number of floor
StoreyArea : Floor GFA

MaxArea : The Maximum floor area

FireExitArea : Area of fire
compartment

H : Height of building

..........

\

Installation
error
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mnlauanwhursremealn 9y
danalivtenladlfnseuiundwmsu

= a o v & g
2 (30a8 YA MILESUIS YU warfoaziulun1emas

Ushteale

144 denalinus uminlatesas

14

& da Lﬁaﬂﬁ]’]ﬂi’]ﬁﬁnaﬂﬁﬂ’]ﬂﬁ%ﬁmgﬂlﬁlﬂmﬂiaﬂ
AT YNUNUNUVDY

a = a ' a =
S . Uil seavaen ALANANS NN SLEILAAN
vUn/a09 Shaft auysal

oA 1 a o 9
FIUDUY mnlifiseaziBeniidaiau nssu

shminvesiulinssmugoenuuudm
muudiuswasiiuiaiosas

5UN 5.3 ununmsuldandulanuusteliies

5.2.3.2 wunnaulddndulavuuluseiiio

a

wnunndulddndulamiungndledgie (3Un 5.4) egluiiterudinaiulag
ATIRFRULUUIUTINgITtuulauidedessessgazidengunsaluseneunuihaiy

[

Seu Fadwiunsidauuunnsuldindulanvuldsaiiesaguladadl

1) fMou “seystvasidgalasssuvesdnlyvielid” mnneududenlyvielily ez
v v o !
wansuaans wazludamausaly
2) A0u “58UsTEinN(@) seming Cline Tansald” mnneududenlinselyly
v 6 v o 1
wlanNaans wazludadanusialy
3) M “seyseaziBengunsafssihlevseld” wineeudidenlavselaly ay

wananaans wazludsmausald
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4) An1uanviny “seystvazidenauiuduanuieulinseld” mnaeudiaiuay
Y o YA ° a e
WAPINAANFIINNITATIVADUITUT LAUNANSALWARIAUAIMDUTILADN
Fanun mauldanaulad 1HenI1980UATUAIUILLAAINAANSNIAY 4 Nadns
A P 1 | = 1Y) Y] YA
\Wendeyaliiinnusieiliesiu tuAsuaniadnsvein1snsiaaeuluynagnis

ABUAIN Y

uihma

|

wuugUiedasiunu iy

|

- . o
RiliH LﬂElﬂ@ﬂﬂimﬂiﬁﬂﬂm"\uﬁ]”\mmiﬂ\l

1 Tafls I 4

/b \ |

Tasduasihidy support ] mnliszyszesiie) i winlissyseanden i mnhissyeauden
AT e Cline o1ifin AT AU

Taiwullgyn

Tt uidlalsisey aunsolfiesih Wlenan awfuem e es

swavBealnsBuvesih Ygymmsuanssaorioves iulUasiRamsnmios fananaz3euausn uay

avhliihliudeuss a Wiuripusty Wesaniiu daftuwanu Fuidemduuanmsld

naAnviesine dwareeny tieithinediriuian ieeUSuanA

msldnulusserem

JUN 5.4 wnunwsiuldindulanuulisiaiies

a

dsunauninsulddadulanvunantdu nstdanusnunneulidndulaagnay
sernanunnaulidndulanuusoing wazkrun naulisndulanuulinaias lnenadns

NNITHTIVADUILHAAIUINNIN 1T HAGNS

1'%

5.3 M3AAseiauetavesnugiiduliidnduladieds Rating scale

nadnsannnisneukuvasunuvatslaluseuiiassnuin fierviglidinoy
aonadeafuidudilng Ineteyaianunsathuliiannszuuamaseusiodsydudsisegiu
1NN 3.41 fie Wiushemnuasiiiuseinniigaindoyaiimnugnieuazmiuundete way
AduYTIveINAR19TE NI NS e g Iuiug U lonvestayaununnaullidn FuladiaAq L

1.00 sudspideaelndliiu 1.50 Fawan1siaseitoyanieatineds Rating scale u

ADG
be



5.3.1 MUIAUIFINTSUIATIASS

INNITIATIERteyaviInImnssulasiae nuieyalagdiulgduinaeingg

Usziiiy WAt eI 15MADUNS AI1ULELTL

Y IS

ANFE A9

IndAUNURNAINUA wazeLise

Frumninnannivue Jelddrteyaiidedinaniluldaiisssuunsiraeu lnunanis

AATwviANefenarANgnAasvesiuAaulIfndulannwImInssulaTEie

waRIlum1S19N 5.7

A5 5.7 KANTIATIZVANNLLTRRBIAYAINYNADIVEITBYAVILIAILIAINTTY

JEERGERR
Med | Med
v YV v Y 1 Q3_Q1
NIVDIU BIVDYDY >= Mod | -Mod |
<=1.5
3.41 <=1
190N | 1.1 nM1suaon 4 4 0 1
LLayazu | 1.2 m3nesiu a 4 0 1
UFUiNui 71
1.3 9uUszUUlBenunu 4 5 1 1
2.1 YazldunvaRaTIuADN 4 4 0 1
2.2 188z BUnvR AN 4 5 1 1
2.3 NISNABUNIAITULELTY 3 3 0 2
2.4 pnunaaraaungaulrlaued
297U . il aqa 0 1
B GRS
LU
2.5 NMIseda ULt Ldunen a4 4 0 1
2.6 NMSAUINANTL 4 4 0 1
2.7 Msitansazasiuunluiusalng
L a | a 0 0
B UE TN EN
3.9°UFW | 3.1 S18avidunvaaan 4 3 1 1
N 3.2 SI0AYLIYAIUTEUUUIIAUSIUSIN 5 5 0 1
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3.3 TUABUNITINUFIUTINVUIA LY

(Mat foundation)

4.97U

=
ABUNSA
LAY
ADUNIA

LASULEN

4.1 NstasuwdnUSuaD

4.2 18AZIYAVBIALTRNABIUINY

Post tension/1@

4.3 NSANUANRIVDIABUNIAVDILEAN

d’l 1 v
wazriullaanndag

4.4 UAUREFATUIALNEY

4.5 AsSulinvesPuNAwAULEn L

M590U

4.6 NNSSULRLNIIUNY Post tension

4.7 uBBwUn/409 Shaft

4.8 nMslasuwanTuaadii

4.9 seazipenaululeiilivaztule
il

4.10 519a8lBUAURYIDIEUI8IN

4.11 M358YUTBANVDITUUA

4.12 SNUaLLYAMANLATY

= a Y a [
4.13 INYATLBYNTTYTADUNIAVUN AN

(Concrete covering)

5.9UNY
=
ABUNIH

dudagu

5.1 mssudmtinussnn

5.2 MSANUASIEAZLDEANITANAINY

a °o &
ADUNINENIIFU

5.3 NMSAMUASIEALLDUALNLLALANT

USuhe

5.4 JUADUNITINIUNUABUNTA

dnsagy
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697U
@
LA

JUNIIU

6.1 NMafmuasIwazBEnanFUNTI 4 5 1 1
6.2 NNSAARILATIASIEN il 5 1 1
6.3 N3 FeNmANgUNI TNl

. ) 5 | 5 0 1
wandlraumlUyeaiiu
6.4 NISNIFULNAN i 5 1 1

5.3.2 WnuanUnenssu

NNTIeTgteyaiInnuan ngnssy nuirteyalaediulugdiunmeinig

Uszillunavan lngnansiinsisianudileiowaranugnassvssunun naulidnduls

PUIANUADNUNUNTTULEAS I URITIN 5.8

A15NA 5.8 HAMTIATIERANLLIWRRaLaEAUgNABIYBITaLavI IR uan Unens Ty

Med | Med
o o L A, Q3-Q1
VDI ULy >= | Mod | -Mod |
<=1.5
341 <=1
7.1 waziduailuvesianne 4 | 4 0 1
7.2 51982108093 LU9 997U i il 0 1
7.3 S189aLLR8AUSINIUNTINUIU
. q q 0 1
TAUNUS | s3yU
7.4 UNTIAUNY Post tension 5 5 0 1
7.5 5189aLR8ANISYINUNTINDNT91U
a | 4 0 1
SYUU
8.1 Janliaeaadesiunisldau (s
L a | 4 0 1
%99UN)
8.97UKNY | 8.2 Janliaenndeaiunisldeiu (aaih
& - “ 4 a4 0 1
NULAEAT | $15991UN18UBN)
DS d o
8.3 318aLOUAIUNINUIY U il 5 1 1
8.4 S19aLLYANITHHTUUNUR? il il 0 1




87

8.5 MyazlduaUYnIzies

9. 91Ut

LWATU

9.1 MwazidungUnsaiusenaunuih

SRNIETT

9.2 s1wazdunszausuih

9.3 TEAURINAY USIIAEUeN

91A15/9098U/Mo9U

10.97U

AN

10.1 98zl dumnantasuiunInii

10.2 5189881DUATE VUL UNIUIUUTY

ANANN

10.3 518aZLDYAITUNUTUTUAIATN

10.4 51982LDUAUSITDYMD

11.97uly

11.1 Sazdgnn1sinnakil

11.2 nstgaulailuusnunianuzu

11.3 swazduamiluvaaaulyd

11.4 nsyaaulel

12,97

NITIN

12.1 s19azidgnsunszannigluaians

12.2 5188%188AUNTIINTZINAYUDN

B1AT

12.3 'i']EJEiBLE]‘EJﬂQﬂG]IE]“UE]NWUﬂﬁg‘\]ﬂ

agililey

12.4 UANANTZINAYUDNDIANS

13.97U
lanenay

= =3
LURLAER

13.1 wavidenyily

13.2 nsigaulanglawmangay

14.1 S9azdunufugunill

14.2 MFIIIUNUTL USHIUNTEaN9/NUY

Ugnauly
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14.97UNY
Fukay
U9y

AUTU
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o [

14.3 ASIUAUTY USHIa09UNE, 09

YLAe

14.4 NFIUNUTY USHuTUlanyY

14.5 NFMIIUNUTY USHIUNULAZDU

Epoxy
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NUIANS
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a
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Y
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VAN

15.5 91UYDIE

16.91U8

16.1 519821809l
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16.3 N5bU9Ua byl

17.97U
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17.2 Hendumslganuausioeilils
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swazidualutenaisnsesnuuuillauysalsely
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a = a = A a ao d‘
s1wazdealulenaninisesniuy ieannsiia ey missiumnAniiauszuuioun ludym
N5V INTIwaLdgalulenaIIN1seenLUUNne linKANSENUATUAMA IR UARATS I
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5.4.2 unAndmiunsesniuukasn1slgay
NMI0ANKUUNTILAAINATILUTILNTUTBATIIADUTIHAZLBEALULENETIN1TOBNLUY
Tyianysel wuseandu 3 dw loun druniudn, drudsziliung uazduuananadns (U

5.5)

1. dumthwian asdszneumeintaulasiaiisazanlnenssuifnedn1snTivdaey
sdegaUsvasAvaalusunsy kazaasuren1sitIuvelusins Wefaen1InIIvday

aunsadeniiveuluntnrdn iewaninantsae by
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Usgnaulumie 5 d@unan (gﬂﬁ 5.6) laun index.html, question.html, index.js, question.js

way asset lnausazlnduazlnaimasasyinntnnanssalul

4 |INCOMPLETEDESIGN

b assets
<» index.html
J5 index,js

<» guestions.html

J5 guestions.js

U 5.6 Ilduaglamesvand miussuunsiaaey

1) index.html 1T UN1500NLUUNLILANINANLINEN TA8AINUATDAIY, VU
Fenws, 3UnN, n1swdsrodudvesntindn Wudu F9lWd indexhtml 9y
aunsakansnadInsuanulafissegrafetazliaiunsalineunsedeasnu

Al¥au Feseierumudiulng indexjs (U 5.7)

ome < index.html X
oo S
<body>

<CENTER><img src="assets/images/header2.jpg "width="1288" height="488"></CENTER><br><br>
<div style="padding: 28px">
<div class="col-sm-3"3>
<div id="checkers-panel"></div>
<fdiv>
<div class="col-sm-9">
<h3rdrafuraTilsunsi</h3s<bry
¢div class="manual-box"3&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; Tilsunsuillidwuasindamanairnisaanuuy (uuusl wazsieanisling
<div class="manual-box">
«priatae/p>
<ol>
<lixidanmnanuiidasmsasiadanc/1i>
<li>asndgausimdaiastumnanuiidanc/ 11>
<li>maudauusaztasunssiolduadniic/11>
</ol>
</divy
</divy
</fdiv>
<br><br>&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; &nbsp;&nbsp; &nbsp;&nbsp;&nbsp; &nbsp; &nbsp; &nbsp;&nbsp;&nbsp;&nbsp;8nbsp;&nbsp;&nk
<lefty<img src="assets/images/buildingcollapse.gif "width="2e@" height="258"></left><br><bry
</body>

<script type="text/javascript" src="./evaluator.js"></script>
<script type="text/javascript” src="./index.js"»</script>
</html>

SUN 5.7 M3fmuasiaviii index.html

< Y v v

2) indexjs Wudwideunthvangniiuszdiuna laefsaanlidniudeyaiide

Y

YBININTIVABULUAD NS checker.json LioNI1UHITaUGNLAE I UDEDEYBY

NIRTIRERUNNIGIEeN (UT 5.8)
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orme Js indexs x

function _createCheckerButtons(checkers){
var panel = document.createElement("div"};
panel.classMame = "list-group";

checkers. forEach(function(c) {
var a = document.createElement("a");

classMame = "list-group-item list-group-item-action™;

href = *./questions.html?type=3{c}";

.style = "text-align: left;";

target = "_blank";

JdnnerText = “${c.chardt(®).toUpperCase() + c.slice(1)}";
panel.appendChild(a);

}. this);

won om oW

w

return panel;

}

function fetchCheckers{) {
var confPath = '../../assets/json’;
var checkerUrl = ~${confPath}/checkers.json”;

return fetch(checkerurl)
.then(function(res) {
if (res && res.status === 208) return res.json();
H
.then(function(res) {
return this.init(res);
H
.catch(function(err) {
console.errar(err);

E

SUN 5.8 A1SAUUASAEREN indexs

Y

3) question.html LIudIULARINAVDINENUTLTUNALAY UL TLAAIHAGNG LAY

dnuaien 7w suuuuieatulng indexhtml (U7 5.9)

e <> guestions.html X

<body>
<CENTER><img src="assets/images/header2.jpg "width="12@88" height="488"></CENTER><br>
<div style="padding: 2@px">
<div class="col-sm-3">
<left>
&nbsp;&nbsp;&nbsp;<button id="print-btn">fiNltana1salHanIsrTIadan</buttony<bry<bry
</left>
<left>
<div id="menu-panel™></div>
</left>
</fdiv>
<div class="col-sm-9">
<div id="checkers-panel">
<span class="tab-contant">

<div id="home" class="tab-pane fade in active">

<div>
<hIrpradansanmsasiadaudiueiac/his
</div>
<fdive
</span>
</div>
</divy
</div>
</body>
<script type="text/javascript™ src="./questions.js"></script>
</html>

SUN 5.9 MIsmuuATiantl question.html

Y
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4) question.js \udiunanImamaILazALdondusunminussiiune wagnaans
nnsnuAIaulundLansnadns Ingdiuilazfigiuninng (Knowledge-
based) 1nanlndgestoinlng json Bnnugeuduiurienarsludmiigeuse

< a ¢ ° ¥ a & A
LAIDINHNWLDNET a']ﬁi‘UWllWL@ﬂﬁ'ﬁa?ﬂmaﬂ'ﬁ(ﬂi'ﬁ]aau (EUW 5.10)

ome J5 guestionsjs X

function _loadInitData(data) {
var cType = _getParameterByName("type") || "soil”,
obj = data[cType],
files = obj.files,
fileMum = files.length
n o= e;

for (var i = 8; i < fileNum; i++) {
fetch( ${confPath}${obj.path}/${files[i]}" )
.then{function(res) {
if (res && res.status === 288) return res.json();
ip)
.then{function(res) {
// storing all questions + ans + current state
questions[res.name] = res;
answers[res.name] = { gSeq: [], aSeq: [], finalans: " };
currentStates[res.name] = { q: 8, a: @ };

/# counting the read files
nH+;

/{ use type's title name as key and id

var title = res.type;

if (!bliMapper[title]) { // there is no existing menu, let's create new one
var bli = document.createElement('1i");
bli.classlame = "nav-item";

var ba = document.createElement('a");
ba.className = "nav-link collapsed";
ba.setAttribute("data-toggle", 'collapse’);
ba.setAttribute("data-target", “#%{title} );
var tt = title.replace({/_/g, ' ');

U 5.10 Msinuasianti question js

1 ¥

5) asset Wulnawesiiutouantillgtvdruntndn, ntiuseiiuna wag nin

&

waens Insuudlilawmesgesidu 2 Inawmes laun
. I ca & g Yoo ) '
a. image Uulnawmasnnugunmilddwmsuauuaalusinsy
b. json Wulwamesdmiuiivyadeya lnelussuunsraaeviivanes
json Usgnaume 2 awmeasuan lawn

'
a

- Wawesiiugiuaiuinasislaedredeainuauninauld
Faaulatiiiunisuszifiuna lneUsznauselnamesdes 17
TWawes Fusazlnawmodusznauselnddesgaely sadnns
Smuasiavaslngauiie 17 sududell sufu (Soilwork :

sWa SWF), s1utandy (PileWork :5%a PWF), 314g14510
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(FootingWork :5%& FWF), 91umaunIaLasuiuan (RCWork :
9a RCWF),umaun3nd 593U (PCWork :5%a PCWF), 411
wiangunssas (STeelWork :39a STWF), :1umntls (Wallwork :
Shd WWF), SR /A (FiNishingWork :3%a FNWF),
ITUdILwAIY (CeilingWork 5@ CWF), 91U a1 a1
(RooftopWork :5%& RWF), 911uld (WooDWork :5%& WDWF),
1unszan (Glasswork :5%a GWF), snulavzuasiinindn
(MetalWork :5%&@ MWF), a1uniudu (WaterResistanceWork :
9 WRWF), 91useg/v1inei19/48uas (DoorWindowWork :
3%a DWWF), 91U @ (PainTingWork :5%a PTWF) Lag91u
a@usiuel (SanitaryWareWork :5%a SWWF) Iagsfog1asiad

afsnurunneulideaula wandduun 5.11

lcome {1} CWFijson X
{ & A
“type”: "uwnysiliifmaiasfueui e,
“Tavel™: "-17,
"name”: “"sisazduanlasalilszaauaiuihauion”,
“cufeeess": {
“name": "finstdauihaiuFen”,

"pointers": [“cwfesesl", “"cufesessz"]

»
"cwfeesel”: {

“name": “§i",

"display™: true,

"pointers": [“"cwfeeea3", “"cwfe@esd”, "cwfeeeas”, "cwfeesas"]

cuteessz": {
“name”: A",
"pointers”: [“"cwfeeel2"]

cuteess3”: {
"name": "szusigasdoniassiuvacih,
"pointers”: [“cwfeoee7", "cufeeess”]

s
cufegeed”: {
"name": "TTUSTHYWW(@) TEWINW C-line”,
"pointers”: [“cwfeoee7?", "cufeeess”]

s
cufeeess”: {
" w.om o e ow o
name": "srusizazidsmalnsaidesed”,
"pointers”: [“cwfeeee7", "cufeeele"]

3
cufeeess": {
"name" : "izuﬂﬁﬂﬁtsﬂﬂﬂin‘uﬁ‘uﬂ?'13]5“91&" B
"pointers”: [“cwfeoee7", “"cufeeall"]

JUN 5.11 fegesianasannununmauliidndula



95

s & v =

- checkerjson Wulndinuteuadaliaiivenanuaylndimde

Y

o
a v o

gy dnTanruatertenuansluniinan lnediog1anisAy

Folnatouandluguin 5.12

me {} checkersjson %

{

"checkers”: ["sw@Eu", "snandu”, "swgwsn, "nueauniaadeuant, "oweaunieduianl’, "onsanglwssa, e, "

"smduT {

“path": "/SoilWork",

“files": ["SWF1.json", “SWF2.json™, "SWF3.json™]
I8 ;
A {

“path": "/Pilelork",

"files": ["PWFl.json", "PWFZ.json™, "PWF3.json™, "PWF4.json™, "PWF5.json", "PWF6.json”, "PWF7.json"]
Iz
"augmmanT: {

“path": "/FootingWork",

"files": ["FWF1.json", "FWF2.json", "FWF3.json™, "FWF4.json", "FWF5.json"]
}' =
“gruAaunsaLasman": {

“path": "/RChork",

"files": ["RCWF1l.json", "RCWF2.json”, "RCWF3.json", "RCWF4.json™, "RCWF5.json”, "RCWF6.json”, "RCWF7.json”, "RCWF8.jso
Iz
"grumauniadniagl”: {

“path": "/PChork",

"files": ["PCWFl.json", "PCWF2.json", "PCWF3.json", "PCHF4.json™]
}s
"srusidngilnssat: {

“path": "/STeeluork",

“files": ["STWF1l.json", "STWF2.json”, "STWF3.json", "STHWF4.json™]
I8
A {

"path": "/WalllWork",

"files": ["WWFLl.json", "WWF2.json™, "WWF3.json™, "WWF4.json", "WWF5.json"]
}' ry
“gyudu/ faenle: {

“path"; "/FiNichingWork"

JUT 5.12 degamsinutielildiadalu checker json

WonaulUsLNTUdMTUNITATINE0UEEUT0Y T9UTUTIATUIIMARRUNITITUYS
53UUAI8TT Black box testing AN 1snsIvdaunnnsalivelvikulainlusunsunsiaou
aunsaldauedeauysal 9MNNIINTIVMBUAETT Black box testing WuddlAuHANAA

=3 14 a 1 v a 1 1 % o 1

Wwndeslnaiinainnislasiaianane 1y nsldsiaae 0 a1a vinlilusunsuldauisa
wansnaluiidegesiy, nsladydneal / vililusunsulieusiasoaniu wazlunanswe
4 < 2
voya wuau

5.4.4 nslgaulusunsy

1) Wantiulusiees Google Chrome 11 1UR Apps Lagldon Web server g

Usinguin Web server for Chrome

2) onlld Code Mia¥n3lu Visual basic code azU51ng) Web server URL natitely

fanimsiaaeu (FUN 5.13)



[ Apps

x

C ‘ ® Chrome | chrome://apps

CHOOSE FOLDER  Current fincompleteDesign
’. Web Server: STARTED

Web Store

Web Server for Chrome

Please leave a review to help others find this software.

_ Web Server URL(s)
Gmail Google Drive

» hitp://127.0.0.1:8887

2.00
OKI

Web Server

Options (needs restart)

[ Runin background

[] start on login

[ Accessible on local network

[] Ao on internet

@ chrome

[ Prevent computer from sleeping
Automatically show index. html
Enter Port

8887

Show Advanced Seftings

Need to Repart a problem? Open source, MIT license

U1 5.13 33salusunsy

Y

3) NUIANLUTHNTUATIVADU AUT18ABWIVDITUAINTUNISHIIVEDU AUVINABA1DTUNY

TUswN5Y LBABINISATIFADUIVB LA LALEBRNITITBINUNABINITATIVABUNULN B LU

Usziiuma (3U7 5.14)

e %/ [) Incompleted Design

C | ® 127.00.1:8887
=

i

e
VWA
NuaaunIaalumdn

amaannfaduianl

-\ - oEn
*| @

.........................................................................................

iilddwiuas 15 (uuus) uarnamslsnauuyy) Alkianysel dudena
5 da"qgaunm zasnunaaivdminiassnsnaaiwaiaia Teenunudayaamquasiymeisgaing
| dimnasunsnaaing



97
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1 2 3 q 5
1 uRuLazuUSUNuT
1.1 N15UADA 10 2Q 3Q | 1Q | 50
1.2 N9N99AU 10 2Q 3Q | 1Q | 50
1.3 uszuutlosiufu 10 2Q 3Q | 1O | 50O
SolauD LU LAY
2. STULENTY
2.1 88z envoaTunen 10 2Q 3Q | 1Q | 50
2.2 18829 8AVOIALTNLNE 10 2Q 3Q | 1Q | 50
2.3 NISWABUNIAIULELTY 10 2Q | 2O | 1O | 50
2.4 pupaaiadeuiisenlilaves
. 1Q | 20 | 350 | «O | 50O
L@
2.5 AINAFRULNUTNLEALTuRoN 10 20 3Q | 1Q | 50
2.6 NMLAUMLALTY 10 2Q 3Q | 1O | 50
2.7 Mskgatsazatguulnlunusalng
. ) 1Q | 20 | 30 | «O | 50O
wosluanduanzen
SolaAUDLLLIRLR:
3.9°UFIUTIN
3.1 $18aLLDUAUDILAAN 10 2Q 3:Q | 1Q | 50
3.2 wazlBeanusruutiougiusn | 1Q | 20 | 2O | «Q | 50
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3.3 TUABUNITINUFIUIINVUIA LG

10 20Q | 2O | 1O | 50O

(Mat foundation)

UDLAUD UL LINLLRL:

4. 91UPDUNIALAZADUNTALESULVAN
4.1 MataSuudnuSunad 10 20Q 3Q | 1O | 50

4.2 18a8LUAVBIALTBUAB N

10 2Q | 2O | 1O | 50O

Post tension/td@n

4.3 NMSANRUANIDIVDIADUNIAVDILEN

10 2Q | 2O | 1O | 50O

& ' o
wariullaannang

4.4 A untdauLalg 10 2Q | 3Q | 1O | 50O

4.5 NMSSULMUNYDIAUNA AU

10 2Q | 2O | 1O | 50O

Tainsariu

4.6 Mssuthwinauity Post tension | 1O 20 3Q | 1O | 50

4.7 ureula/te9 Shaft 10 2Q 3Q | 1Q | 50
4.8 NMILESUUaNTuanin 10 20Q 3Q | 1O | 50
4.9 swazidenutulailuuasdule

. 1Q | 20 | 50 | «Q | 50
il
4.10 5198219 uAURYIDTZUNELN 10 2Q | 2O | 1Q | 50
4.11 MszyUsslnnue i 1Q | 20O | 50 | «O | 50
4.12 s1vazldunuaniasy 10 2Q 3Q | 1O | 50

4.13 5188 D8ATLELABUNIAVILAY

wian (Concrete covering)



http://www.navy.mi.th/ncd/SPEC_WEB/SPEChtm/2.htm#_Toc137611052

UDLAUDLULLNILRAL:

122

5.01ufiunaunIndsgy

5.1 mssuthminussyn 1Q | 20 |30 | 4O | 50O
5.2 NMSANRUASIYAZLDUARIRINIT
s L 1Q | 20 | 0O | «Q | 50
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7 TUNTIS
7.1 Twanideavinluresianrio 1Q | 2O | 50 | «O | 50
7.2 swazidenviluveaauns 10 2Q 3Q | 1O | 50
7.3 519880 8AUSIUITURNTINUIY

10 2Q | 3O | 1O | 50
YUY
7.4 UNTINUNY Post tension 10 2Q 3Q | 1Q | 50
7.5 SeazidennsyinauNlane ity

10 2Q | 3O | 1O | 50
SEUU
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8. INURINUWAL RN
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(USLIUNBIUN)
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3 . 1Q | 20 |30 | 4O | 50
(USHIEUAIAN NI DIUNUBA)
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9. UHLNATU
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. 1Q | 2O | 0 | «O | 50
S YU
9.2 S7U8%LRYATLAUNULN 10 20 Q| 1Q | 5O
9.3 Januui A UTInNEueN
3 L w 1Q | 20 | 50O | «Q | 50
91A15/N3dU/1D9UN
olAUDWLLRILR:
10.97UAA%
10.1 T18azdenantasuNuAIAT 1O 2Q 3Q | 1Q | 5Q
10.2 918883 8ATEUUTEUNENULTY
10 2Q | 3O | 1Q | 50
AR
10.3 S18azP8ANUAUTNTUAIRTHN 10 2Q 3Q | 1O | 50
10.4 51881 8AUSIIUTOND 10 2Q | 20O | 1Q | 5O
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11.97ulal
11.1 s18azdenn1singalsl 10 2Q | 2O | «Q | 50
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11.4 nsyaeulsl 10 20 3Q | 1O | 50
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12.97UN5%3N
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91A13
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10 2Q | 3O | 1O | 50
21P1S
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19911, A1a, @syineun Wuau

14.2 NSIUAUTL USaNsEana

10 2Q | 3O | 1O | 50O
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[

14.3 MsIHUAUTN USalng, 89

10 2Q | 3O | 1O | 50O

5 o
UEY
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10 2Q | 2O | 1Q | 50

Ay

14.5 NSUAUTY USHuNuAGaU

10 2Q | 2O | 1Q | 50
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Y

15.2 ygavidungunsalusznauusen
. 1Q | 20 | 30 | 1O | 50
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PR

15.5 9MUYDILAT 10 2Q 3Q | 1O | 50

UDLAUDLUZLNILRAL:



http://www.navy.mi.th/ncd/SPEC_WEB/SPEChtm/3.htm#_Toc137617565
http://www.navy.mi.th/ncd/SPEC_WEB/SPEChtm/3.htm#_Toc137617570

127

16.97U7

16.1 wazidenvily 10 2Q | 20O | 1O | 50O
16.2 NINTIVADUAMAINIUE 10 2Q Q| 1O | 5O
16.3 Mstgaudlawanyay 10 >Q Q| Q| 5O

SolauD LU LR
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