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(Engineering Drawing)
01208221 namansIAINgs | 3(3-0-6)
(Engineering Mechanics ()
02204101 madelusunsudasdu 3(2-3-6)
(Introduction to Programming)
02206111  Jawfirnssu 3(3-0-6)

(Engineering Material)

- nguiyawiziu 82  wmidwin
- ngAUIAUNINImNT Y 70 whgda
02207211 wamaniiugy 3(3-0-6)
(Basic Hydraulics)
02207212 UiURmsvaran fiugiu 1(0-3-2)
(Laboratory of Basic Hydraulics)
02207301 gynivendmiuimnssules 2(2-0-9)
{(Hydrology for Civil Engineering)
02207332 wamaniUsyynd 3(3-0-6)
(Applied Hydraulics)
02232181* rmnisluavadidmivienssulusn 2(2-0-4)

(Probability and Statistics for Civil Engineering)

sqreAgntning 13



02232211*%

02232212*

02232221*

02232222*

02232231*

02232232*

02232241*

02232251*

02232271*

02232281*

02232321*

02232322*

02232323*

02232324*

02232351*

02232352*

02232353* -

02232361*

02232381* .

FnssudIsn

(Survey Engineering)
N1TRANIAITINN AU

(Surveying Field Camp)

ifvesian

(Strength of Materials)

nouflasaadie

(Theory of Structures)
moundnuasianiminssunoasn
(Concrete and Construction Engineering Materials)
nmageuiagfimnslesiwazmsieasie

(Civil and Construction Engineering Materials Testing)

wisugransduivimnssules

(Economy for Civil Engineering)
ssalvendmiviang

(Geology for Engineers)

Fmngsnvuds warladafind

(Transportation Engineering and Logistics)
adnmanslumidninssulest-Tasadneiugy
(Mathematics in Civil Engineering-Infrastructure)
ninTeilasadng

(Structural Analysis)
nsaanuuulansainpouniaadumin

(Design of Reinforced Concrete Structures)
mseanuuulansainlilasivin

(Timber and Steel Structure Design)
asinujiReanuuulaainlivasivin

(Design Practice of Timber and Steel Structures)
nasansvesdiu

(Mechanics of Soil)

UfjURnisnamanivasiiu

(Soil Mechanics Laboratory)

Fmnssugsn

(Foundation Engineering)

dryqyn dofnuanasnTUssas @i
rnasulaseadrefiugu

(Contract Specification and Cost Estimating

for Infrastructure Construction)
Aufamauasmaluladdmivimnssales
{Computer and Technology for Civil Engineering)

*qqeAsnfinin

3(2-3-6)

3(3-0-6)

3(3-0-6)

3(2-3-6)

1(0-3-2)

3(3-0-6)

3(3-0-6)

3(3-0-6)

2(2-0-4)

3(3-0-6)

4(3-3-8)

3(3-0-6)

1(0-3-2)

3(3-0-6)

1(0-3-2)

3(3-0-6)

3(3-0-6)

3(3-0-6}
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02232461* Irnnssuneadrnuaznsdanslaseadieiugny 3(3-0-6)
(Infrastructure Construction Engineering and Management)

02232471* FMINTTUNINNLALATTUUE 3(3-0-6)
(Highway and Transportation Engineering)

02232495 msweunslassenimnsaloslasaireiugy 1(0-3-2)
(Civil Engineering-Infrastructure Project Preparation)

02232497* U 1
(Seminar)

02232499*  TassenAmnsalosrIassadfiugiy 2(0-6-3)
(Cvil Engineering-Infrastructure Project)

- pfadendanndengay hidesnd 12 wihefin

TAndenZeulitfosndt 12 mhedn vnsedndslud

02232421*  narmaniiandmivimnsles 3(3-0-6)
(Mechanics of Materials for Civil Engineers)

02232422* sufouB@waundorulumamnssulasadn 3(3-0-6)
(Introduction to Numerical Methods in Structural Engineering)

02232431*  lastainasunindausaazmssanuuy 3(3-0-6)
(Prestressed Concrete Structures and Design)

02232432* ©  N1999ALUUDIANY 3(3-0-6)
(Building Design)

02232433% Asa8nULUUAYWIY 3(3-0-6)
(Bridge Design)

02232434* nseaniuukaznaainlasaiamdn 3(3-0-6)
(Steel Structural Design and Construction)

02232435% . mﬁﬁuﬂvamwuaanmiamwﬂﬂsqa%’qiﬂaun?m 3(3-0-6)
{(Concrete Structure Rehabilitation and Repair)

02232441% JnssumslseUn 3(3-0-6)
(Water Supply Engineering)

02232442% AN508NKUYTEUUSTUETh 3(3-0-6)
(Water Drainage System Design)

02232443*  dadles uarlasaiuitug 3(3-0-6)
{City Plan and Infrastructure)

02232444*  mstrpdnuasnisdanisTassadteiiugy 3(3-0-6)
(Infrastructure Maintenance and Management)

02232445* n1sTIeReuaIm o 3(3-0-6)
(Pretiminary Building Inspection)

02232451*  miseenuuuMsimnsaussdimatiadmiuTasad1aiugu3(3-0-6)

(Geotechnical Engineering Design for Infrastructures}

wgefynlining
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02232452*

02232453*

02232454*

02232455*

02232462%

02232463*

02232464*

02232472*

02232473*

02232474

02232475*

02232490*

02232496*

3) wuIRITNRoNLES
4) n15eneu

Nsds TR AN Ty 3(3-0-6)
(Engineering Subsurface Exploration)
‘ PRy a & v

LARINNISHUAVDGULUDIR L 3(3-0-6)
(Introduction to Soil Failure Criteria)
MsvanLuLkaZIAIIEAlATad Ry 3(32-0-6)
(Design and Analysis of Earth Structures)
mIUssgnanarfmesdmvIimingsulgh 3(3-0-6)

(Computer Applications for Geotechnicat Engineering)

idnsdnsminuarmsnasnilunisdeaie 3(3-0-6)
(Heavy Construction Equipment and Planning)
MITATIRUNIIADa31S 3(3-0-6)
(Construction Cost Analysis)
miUssgndiranfamesdmiumsneasna 3(2-3-6)
wazdamslaseainefiugy

(Computer Application for Infrastructure

Construction and Management)
NSAUIUNTIANITIUNITITNNG 3(3-0-6)
(Traffic Operations and Management)
ANTINURUNISTLAINIALAZIINLETD 3(3-0-6)
(Urban and Regional Transportation Planning)

NI 3(2-3-6)
(Highway Materials)

AMIPRNUWUUAIMALASIRMT 3(3-0-6)

(Pavement Design and Management)
andadnw 6
(Co-operative Education)

Gesawemdimnsnles lasaieiugiu 3(3-0-6)
(Selected Topics in Civil Engineering-Infrastructure)
Laitfanndn 6 wiwha
hidesndn 240 dalw

- A 4 L)
(enuiidnfidrsaulasinisaniadne)

ssrefgadia v
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3,1.4 A7DEIUHUNTTANE
3.1.4.1 uunsanedwiuldaiiliddnsaulasanisaviiaine

U7 1 arenisfinnil 1 duauniaein
(WN.U55878 - FUAFURNT - vufinwidenuied)
01999111 ANARTUVIUN LAY 2(2-0-4)
01403114 UfiRnaudnyauaiiiialy 1(0-3-2)
01403117 ényaiaiialy 3(3-0-6)
01417167 AdnAERTIAINTIN | 3(3-0-6)
01420111 Handvialu | 3(3-0-6)
01420113 UfjURnnsHand | 1(0-3-2)
02204101 madeulusunsandosiy 3(2-3-6)
MyEglssna 1 A 3(--)
593 19( - - )
U 1 arAmsiinundl 2 FWIUNUILAN
(Wu.u5Ee - B UJURNT - e dnwdnenuied)
01417168 AfnAandienTsy I 3(3-0-6)
01208111 AslsuluinIngIy 3(2-3-6)
01208221 naransiAIngsu | 3(3-0-6)
02232181 anuinsilunazadifdwmivisnssules 2(2-0-4)
01175%¢¢ flanssuwadne 1(0-2-1)
Afinuinll nguansswadlesineuaywaiiiedlan 3(--)
Ardnuialy nguanszagiiigy 3(--)
Jgneine A--)

Eiet 21( - - )
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al
I 2 aranrsdinunil 1

i

o
1

02206111
02232211
02232221
02232281
02232231

ol
2 anansAneTh 2

02207211
02232212
02232222
02232251
02232232
02232241
02232271

Fruaunagin
(a.u55E8 - FUUHGEMST - gu.Anweienue)
YR Ifmngsy 3(3-0-6)
Fmnssudrsn 3(2-3-6)
Mdsvesian 3(3-0-6)
adpranslumAmninlos Taswedsiugiu 2(2-0-4)
Aauninuazfandeanssunassn 3(2-3-6)
MEUTEWA 1 AT 3(--)
JrAnuhly nquanseraniuiiusznaunis A--)
5 20( - - )
Fruumaenn
(9.uT3Ee - TUUHURNTS - e Anuiinenues)

Farmansfug 3(3-0-6)
nsENUdITIINIAGUIN 1

nouijlasaing 3(3-0-6)
sstnendwmivimng 3(3-0-6)
mivaaauanimnssulesuasnisneaing 1(0-3-2)
wisugranfdmivimnsules 3(3-0-6)
Franssurudwasladafingd 3(3-0-6)
JAnuily nquanseagiilgy 2--)
Fndnyiall Jnansaume/neuiaines 0--)

57 20( - - )
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oy < Pl
U1 3 aransdnei 1

02207212
02207301
02232321
02232322
02232351
02232352
02232381

o -
V1 3 aransAnen 2

02207332
02232323
02232324
02232353
02232361

FUUNULANA
(9.U55878 - WUU{URNT - 2u.Anwsitenuies)
Uﬁﬁ‘ﬁmwamam%ﬁugqu 1(0-3-2)
gvningrdmuimnssules) 2(2-0-4)
A5IATIENIATIETI 3(3-0-6)
mssenuuulaseaieraunInaTuvdn 4(3-3-8)
nafansvaeRAy 3(3-0-6)
UftRnsnarmansuesdiu 1(0-3-2)
panRuneiuasmaluladdmdvianssulus 3(3-0-6)
Muealszve 1 awn 3( - - )
T 200 - -
Furuwlapiin
(F.U55878 - PLUGURNT - g Anwimenuied)
garansUszgng 3(3-0-6)
nsoenuwuulasaieliuazmdn 3(3-0-6)
msinUjieenuuulassaialivasvan 1(0-3-2)
FAINTIUFIUTIN 3(3-0-6)

Joyayn Yorvusuasnisussinasiadmivnuieaite  3(3-0-6)
Tasvadraiugu

Arfinwwhly nguanssquvSeenans 3(--)
Fundends A--)

Eiet 19¢ - - )
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99 4 anansdned 1
02232461
02232471

02232495
02232497

P o
I 4 aranaseined 2

02232499

Fauruminein
(@31.U55670 - B URTRNTT - v Anwdhunues)
ennssureaiuasnisinmslasaieiiugiu 3(3-0-6)
AAINTINMTNNULALATUIUES 3(3-0-6)
nswdsinslassmdmnsstesTasadieiugy 1(0-3-2)
duun 1
v ndonad 3(--)
Fyndonmadeangsu 3 - -)
794 14( - - )
Jumiein
(Tu.U55818 - YU UfURNT - dfnwiigaues)
TassAmnsales-lassaditugy 2(0-6-3)
FyudennirmnT Ty -

57U uc--)
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ar r-9 d 1 (-3
3.1.4.2 waumsanwdmiuiidaniddaulassnisaniofine

U9 1 anenasinwi 1 drurumizeia
(931.U35870 - YLUJURAS - g Anwidenues)
01999111 Fansuviausiufu 2(2-0-4)
01403114 URmsvdnyauaiivialy 1(0-3-2)
01403117 wdnuaiadivialy 3(3-0-6)
01417167 AdinAanSIrNTsA | 3(3-0-6)
01420111 Handvialu | 3(3-0-6)
01420113 UjjoRntsiand | 1(0-3-2)
02204101 nsdelusunsndosiy 3(2-3-6)
ATINUTEANA 1 AN 3 --)
593 19 - - )
97 1 amansinendl 2 Suunidaeiia

(ru.u58E - ILUHIRMS - e fnundenuss)

01417168 atdlnmanTiemngsu Il . 3(3-0-6)
01208111 MSWsULUUIAINTIY 3(2-3-6)
01208221 nafandifIngsy | 3(3-0-6)
02232181 amuizliunavadfdmdvisansulus 2(2-0-4)
01175%0¢ Aanssunadnw 1(0-2-1)
Ardnevihly nquansevadiadnsuazwaiiodan 3 --)
Sonfinuialy nquanseayiilgy 3(--)
Fnwnine A--)

LR 21( - - )
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<l = o oa
U9 2 aAnnsAney 1 Fuumiiein
(w.U5818 - B UFIRNS - su.Anwisnenuieg)

02206111 aRIrInsTd 3(3-0-6)
02232211 Fmingsudrsn 3(2-3-6)
02232221 fidewesian 3(3-0-6)
02232281 adinanslusmdmnssules Tassaduiugy 2(2-0-4)
02232231 AounIauaziagifmnssunoaing 3(2-3-6)
AR NUTEA 1 M 3(--)
Jundnuily nquansgmansvisfussnaums 3 - -)
T 20( - -3
U4l 2 amansinenil 2 - duunmiawin
(Tu.UT3878 - BUUFURNS - suAnwisngnutal)
02207211 amansiug 3(3-0-6)
02232212 asHndITIAeEN 1
02232222 VU lAsEIN 3(3-0-6)
02232251 ssdlmendmivimng 3(3-0-6)
02232322 mnageuiagirmnsalesuazniineasie 1(0-3-2)
02232241 wswgransdmiuimnssules 3(3-0-6)
02232271 Fminssuauswazladafind 3(3-0-6)
Jufinunialy nguanszogiilay 2o --)
Jufinuialy dmansauma/reuiiames wU--)

U 20( - - )
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al = ° -
U 3 manisAned 1 Jumiaein
(w31.UT3818 - BU.UTENT - suAnwidaenuled)

02207212 UiRnsvarmansiugiu 1(0-3-2)
02207301 gningdmiuimnsaales 2(2-0-4)
02232321 ANIATIERLASIET 3(3-0-6)
02232322 mseenuuulassaitrsuninauman 4(3-3-8)
02232351 nammanivasfu 3(3-0-6)
02232352 jURnsnarmansvasdiu 1(0-3-2)
02232381 poufamaiuwasimaluladdwmivimnssules 3(3-0-6)
AremaUTEmA 1 A (.- )
R 20(--)
Uil 3 nranmsAnuil 2 Fuumefin
(T0.U55878 - IUUFTRNST - sudnuidenuies)
02207332 varandUszand 3(3-0-6)
02232323 myeanuuulaswadreliiazman 3(3-0-6)
02232324 msAnUfjuReanwuulanadnliivazman 1(0-3-2)
02232353 IINTIUFIUTIN 3(3-0-6)
02232361 &g JedmuauasnisUssununadvsununaasie  3(3-0-6)
Thssa$aitugny
02232495 nswisumslasendmnsaiunlasaieiugiu 1(0-3-2)
Ardnenialy nauaszquviornant 3(--)
Jundenas 3 - -)

U 200 - - )
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7 4 aannsdinend 1
02232461
02232471

02232499
02232497

e o
U9 4 nman1sAne 2

02232490

Fuundagin
(1a.U5588 - B UFURAS - . Anwsngnued)
JnTauneaiiuarn1sdanislassaiieiugu 3(3-0-6)
FAINTTUNTNNUAZANTVUEN 3(3-0-6)
Tassdmnsaiesdassadiiug 2(0-6-3)
dusun 1
Fwudenids 3 --)
Jyndenyndimingsy 6(- - )
59U 18( - - )
druundagin
(w.U55878 - U.UJURNS - wuAnwsienuied)
avhafne 6 - -

Rt 6( - - )
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3.1.5 A1e5uneseiun
3.1.5.1 Medvriidusiaveméngns
02232181*  avmeziunaradddwmivismnssulen 2(2-0-4)
(Probability and Statistics for Civil Engineering)
nguinuiesdu duusda nsuanuameadil mseyuneEti MInaaey
g Mylweinisanaey mslnseiandinius msvssgndliluemAmnssiulesn
Probability theory. Random variable. Statistical distribution. Statistical inference.
Hypothesis test. Regression analysis. Correlation analysis. Applications in civil engineering.

02232211%  Jmnssud1snn 3(2-3-6)

(Survey Engineering)

sdaforiy umeaunfugiu Mz winmsuaznnsussgndldndasiag
Myinssezuazinmia anuAaaAdouluaud1e auAaLAREuivaNTU msﬂ%’uuﬁ'ﬁaa&a NIyl
Aoy nsrnaedtsedwanien ssuuitseuRin sTuTIvedNasBen NsTEauB
avBun medhmenivszma madounsud |

Introduction to surveying work. Basic field works. Leveling. Principles and
applications of theodolites. Distance and direction measurements. Errors in surveying.
Acceptable error. Data correction. Triangulation. Precise determination of azimuth. Precise
traverse plane coordinate system. Precise leveling. Topographic survey. Map plotting.

02232212*  mSRAMUATIIAARUNY 1
{Surveying Field Camp)
yfideaiuumniou ; 02232211
nsAnunraudmiuiennssudsan lishnda 80 4alua
Field practice for survey engineering not less than 80 hours.

02232221*  MAIvBITaR - - 3(3-0-6)

(Strength of Materials)

459 MIBLTe AATeR nguesgn dnsndruvasiadees usela mirousely
ysanszusndonuie usadalududiuguvsanszuen auden misuss wsadeunaslunnddaiuam
mslnresmu Mmittusesin ananvewas auadeasin msliumevesan nqunsIvn

Forces. Stresses. Strains. Hooke’s law. Poisson's ratio. Torsion. Stresses in thin walled
cylinders. Torsion in cylinders. Helical springs. Stress, shear, and bending moment in beams.
Deflection of beams. Total stress. Mohr’s circle. Total strain. Buckling of columns, Theories of
failure.

02232222*  viguilATaaIng 3(3-0-6)
(Theory of Structures)
AniifesFeuniou : 01208221
nstiaseilassadadoiy useufaten usadou vasluundvedasiadnfimed
fumisaind dudvsna milnneiusdulassiowyy Tassadeditiwinadeufinssi nslrswes
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AaslaseInns nuaisunasiindsumuiadon malaseilasasdufivestiundeting
TagAsnaidbugusaenndas

Basic structural analysis. Reaction force, shears force, and moments in statically
determinate structures. Influence tines. Analysis of force in trusses. Structures subjected to
moving loads. Deflections of beams and frames. Method of virtual work and strain energy.
Analysis of statically indeterminate structures by method of consistent deformation.

02232231*  paunInwazianImNsIuneain 3(2-3-6)

(Concrate and Construction Engineering Materials)

woinssuifugiuuazansd unduieafunsnsaeunasnageuiagdadunis
Amnssulos wdnnda idnidu 1 Yudiuud inasamazansnauiu mseeauuudiunasaaunis
AounInanuazmauniniiudefiuga Yagnismaaztagimnssulus

Fundamentat behaviors and properties. Introduction to inspecting and testing of
engineering materials. Steel. Rebar. Wood. Cement. Aggregates and admixtures. Mix design. Fresh
and hardened concrete. Highway materials and civil engineering materials.

02232232%  msvaaeuiagimnynlusiwasnisnaaine 1(0-3-2)
(Civil and Construction Engineering Materials Testing)

o o v ot '

JeifaussuNnay ; 02232221

nsnagaunuuvnatsiaziuulivingts Tunisdunsdn wsede wsaleu usela uwssin
wazemudvaaundn Tansliflsngmin 17 wasin rounin snuzpes wasiaameaotnonssy

Destructive and non-destructive test. Compression. Tension. Shear. Torsion.
Flexure and hardness for steel. Non-ferrous metals. Wood. Ageregates. Concrete. Asphalt and
architectural materials.

02232241*  sugrmansdmivimnssules 3(3-0-6)
{(Economy for Civil Engineering)

£ 1

y&' £o, 2/ : el ar
AMUITAHUTUTBIUATVIAANTIAINGIY AUNU AaNLUY ﬂ']‘i’]l,ﬂ‘i'lﬁﬁuﬁﬂ'lﬂ'ilﬁ}uu N3

v
1

Aemeiyarel aslessidaswansuuny msdnssinausslonidefuny dAndensian md
nsieTeigadimu saniduile mdndulufedanlassmenidndnnsey

Fundamental of engineering economy. Cost. Interest rate. Present worth analysis.
Annual worth analysis. Rate of return analysis. Benefit cost ratio analysis. Depreciation. Taxes.
Break even analysis. Inflation rate. Making decisions on engineering projects.

02232251*  ssifedmsuiang 3(3-0-6)

(Geology for Engineers)

JeriifieaGeuadeu : 02232211

Tanuazdusznou Inssadauavnssurunmsssdiivevadlan us Yndnsvesiiu ns
SuunftudAmnsmnasnssuaunianiaesiu Tassadomassdine wuilgivssma uuiing
s3dAMuassalineUsswealng arsdrsaafuiissdiiverlunudmnssunaznnsangdisiafiu
nszuIMIsTERAvefuIdamNsy
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Earth and composition. Structural and geological process. Mineral. Rock cycles.
Rock classification and weathering process. Structural geology. Topographic map. Geologic maps
and geology of Thailand. Geophysical exploration and site investigation. Geology process and
engineering.

02232271*  Jmnssuuds uarladafind 3(3-0-6)

(T ransportation Engineering and Logistics)

mm‘swuﬁ’lwaﬁuuuwaa Yayvrvesseuuruds nmmaukutaryssfiviassuuyual
LuUsIassnsTuds mevudmini msvudemnie mstudamnsosud msvudmiesald msuds
MIBINTA MFNMURUMTBUES Teguniu wazladafind

Fundamental of transportation system. Problems in transportation. Planning and
evaluation of transportation systems. Transportation models. Water transportation. Pipeline
transportation. Road transportation. Railway transportation. Air transportation. Transportation
planning. Supply chain and logistics.

02232281*  adnmanlueAmnsslusTnssadeitugu 2(2-0-4)
(Mathematics in Civil Engineering-Infrastructure)
aumadseyiusidauduaiydusuniluazduduass annisdeayiushiioniiug

aynsuFieduazniswdaniiies aunseyiudidadududvamuasdudugandi Wdehiasdmiu

avmadsoyiuduaznisuitymeannslidadu nussgndldluammnssules
Homogeneous first-and  second-order linear differential  equations.

Nonhomogeneous differential equations. Fourier series and Fourier transforms. Third and higher-

order linear differential equations. Numerical methods for differential equations and solution to

non-linear equations. Applications in civil engineering.

02232321*  mTiwTeilanaie 3(3-0-6)

(Structural Analysis)

Anriideaduusnnou : 02232222

m‘ﬁLﬂﬁ'\vn‘Tﬂsaa%’Nﬁuﬁma%ﬁLuﬂm%ﬁﬁﬂmﬁnﬁwﬁu FBndeuarumien 3Tyu
Y- m‘ﬂﬂam Fnsnsznwluaud @udvinadmivansaiisasiaseias mieneilags
wanaRnideadu msdmsisilastenmslaeiBuseana Buming T R T YT RTI T CYes
NIEVinAenIAg

Analysis of indeterminate structures by- elastic load method. Strain energy
method. Slope-deflection method. Moment distribution method. Influence line of continuous
beams and frames. Basic plastic analysis. Approximate analysis of building frame. Matrix method.
Calculation of wind force and earthquake force acting on building.

rqreAsdntv
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02232322  miseenuuulanvaienaunInaduwEn 4(3-3-8)

(Design of Reinforced Concrete Structures)

iireadounnew : 02232222

Aaundnuazaniaiu wqﬁniiuﬁugﬁu’uaau‘sqmuLLu'Ju.nu WIAA wIARAU Wsalna ANg
fawmilsuasfiuiudmmduiusim msesnuuulassaiuneunineduminlaeiBmisusdldou
Lardidasede winnseenuuy nrsussenddmiuiudiufiugiuvedlasane amseanuuy
Tassadredmiuandn uluydne wastuwaiuiu ussaauazussanuduiuln J5ufiRluniseaniuy
raunILdSIMANLazns s asden

Concrete and reinforcement. Fundamental behavior in axial, flexure, shear,
torsion, bond, and combined action. Design of reinforced concrete structures by working stress
method and strength design method. Design principles. Application to basic structural members.
Structural design for deep beam, corbel, and retaining wall. Wind and earthquake load. Practice
in reinforced concrete design and detailing.

02232323*  msesauuulassadalitasmin 3(3-0-6)

(Timber and Steel Structure Design)

piifeaSeunney : 02232222

mspenuuuTassaielivasndn asdanasiuusianasusadn Amu Au-ian 83daIns
Usenau aulsenaututnivg sesme nseanuuulasiastudalsenay winnsiesulunmssenuuy
gmstumisatLasusukuAulm Foead warueaandiend TBUfuRluniseanuuy

Design of timber and steel structures. Tension and compression members.
Beams. Beam-columns. Built-up members. Plate girders. Connections. Composite member
design. Basic concept for wind and earthquake resistance design. ASD and LRFD methods. Design
pracfice,

02232324*  msBnufiReenuuulasaidliiuazivin 1(0-3-2)

(Design Practice of Timber and Steel Structures)

FyriidesSeuaniey : 02232222

msAnufiResnuuulaseailiivasinin msssnuuukaziienssuulaseaine s
UssgnAldeoniainonfinmed misenuuuesroimsiunisiuasissdn A A-A 83AB1AS
Usznou muussnauaunaivg seese nmsesnuuulassaiindsenay Wiotead uazueasnfieni
nsdruuuulaTeaing

Design practice of timber and steel structures. Modeling and selecting structural
system. Computer software application. Design of tension and compression members, beams,
beam-columns, built-up members, plate girders, connections, and composite member design.
ASD and LRFD methods. Structural drawing.

02232351*  paranivaIiu 3(3-0-6)
{Mechanics of Soil)
SuniieaSeunirou ; 02232221
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sadinendoeiy autiseiuasmsduuniu msuadadu mslnavenruAugas
Jaymnisivady ndnnmseamnisusiwssdninalunaiu MInssaevemuionsy nMsgumvesiu
Adsfunsadaurasiu

Introduction of geology. Index properties and classification of soil. Compaction.
Permeability of soil and seepage problems. Principle of effective stress within soil mass. Stress
distribution. Compressibility of soil. Shear strength of soil.

02232352*  UjURmInarandvasiu 1(0-3-2)

(Soil Mechanics Laboratory)

mslngdrsuasmsiiuiiageiu m‘imﬂmauumwuﬁ'\umnmﬂi'm‘uax‘lmu AR
E]ﬂﬂ‘LWl\ﬂuwmﬂgmﬂﬂ’ﬁLLau'mMUﬂ?Jﬂ‘i'N mImAudussiuiiundaud mamAmwEIna
Tunsinaduvenirlufiu m‘mmaaamﬂmauummumaq'i‘uI,Liqmawaqﬂu A1INAFBUNING
LUaEJuLL‘lJﬂ\‘l‘lJ‘m’miﬂlﬂﬂﬂuﬂ'\ﬂﬂﬁ‘i"u’wu‘] miI.‘UEl'lJ‘i']EJ\‘l’mNaﬂ'l'iﬁ’ﬁ’lf\]LLauﬂﬂﬁaUﬂmﬁuUWUmﬂ‘u

Soil investigation and sampling. Experiment for sail basic properties. Compaction
of soil both in laboratory and construction. Soil permeability determination. Soil strength
determination. Soil volume change due to water discharging. Writing soil investigation and testing
report.

02232353*  JANTIUFILIN 3(3-0-6)

(Foundation Engineering)

Feirendoumnaeu : 02232351

Mgty AAISULTIUUAMIUYDIFIUTIN NNTOBNLUUFIUTINUHIBEZIUTINUUY
e nssanuuugumnaduuazgusindes msiemeinmvmiad Tgvussiuity Taswaireiuiy
wazfunaduitn nisuuugsudesiu 33ufuRlunisesnuuy

Subsurface invéstigation. Bearing capacity of foundation. Spread and mat
foundation design. Pile and caisson foundation design. Settlement analysis. Earth pressure
problems. Retaining structures and sheet pile wall. Elementary of soil improvement. Design
practice.

02232361%  dygn ‘ﬂ'aﬁ'lvmﬂLLazn'ﬁ‘Llismmi'lmeTm"s’umuﬁaa¥ﬂdTﬂiaa§ﬂaﬁu§ﬂu 3(3-0-6)
(Contract Specification and Cost Estimating for Infrastructure Construction)
dynIn1snaaialuungeg LLas'ﬁ’aﬁmuﬂﬁ'l'ﬁ'luTﬂsemsqﬂufiaﬂ%"la'iﬂﬁa%’wﬁugw

vénnnagiduifivesnisussinasia msdrsavimaeeisnutasiagdmivaudeaine vy

foaddlastadreiiugu uaswy uve nMsFIsUiinanuLassIATdemisdmuNuYR U

raundauagliivuy vl vuneds sumdnlassads sunnuesnieuenuazniely
Contract and specification for infrastructure project. Principles and practices of

estimation. Surveying quantities of labor and materials for construction projects particularly
infrastructure projects, bridges, highway. Quantities and unit costs calculation for excavation,
concrete and formwork, carpentry, masonry, structural steel, exterior and interior finishes.
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02232381%  meaufuwmeiuasmaluladdmivimnssules 3(3-0-6)

{Computer and Technology for Civil Engineering)

rmilunldreufinmed sruvanaumauasszuugudeya msldverduaiuseynd
dw¥udranssulest Mavingenu Malausranu nMsdsutuLaseuiniimassles ansld
peufumasluntsuitguwimnddmnssules

Knowledge in computer usage. Information and database system. Software
packages for civil engineering. Report creation. Presentation. Drawing plan and topographic map
in civit engineering. Using of computer for civil engineering problem solving.

02232421*  naransiagdmivimnsles 3(3-0-6)

{Mechanics of Materials for Civil Engineers)

Seiideaounney : 02232221

qagudnatusadion msdnwuuliaenas Aulds muuugasesiuluuBangy usila
TuBudrmiiwaliiduenay usedslunihdaun mulszneuiniagsiiesila @envunauas
gty ﬁlﬂﬂﬁﬂUi‘iV}ﬂ’?ﬂqﬂ qmwaqaamaa% Fndumnaden nqufnisusede

Shear center. Unsymmetrical bending. Curves beams. Beams on elastic
foundation. Torsion of shafts of noncircular cross-section. Torsion of thin-walled section.
Composite beams. Medium length column and long column. Critical load. Euler formuta. Strain
energy method. Theories of failure.

02232022¢  sufevinidvendesdulunmimasalasead 3(3-0-6)
{Introduction to Numerical Methods in Structural Engineering)
Jrritdesduuanrou : 02232281
sudsuimidemiani o nmslnseilagldiuninuazfivadn wmalanndeu
TWsunsunsufiamed nmsussgndasufiawaslunishinngiuazeanwuulaseaine msussynddtnig
Aaswitulssnaudurdlumsinaeilasiaina
Introduction to numerical methods. Matrix analysis and algebra. Computer
programming techniques. Computer applications in structural analysis and design. Application
of finite element method in structural analysis.

02232431*  1ASI@TNADUNINDALTIMANTOBAWUY 3(3-0-6)

{Prestressed Concrete Structures and Design)

Syiideuderandou : 02232322

wénnsresdudiunounindause autRvestag uasmsusleanld nsdinsei
mieusslunmuaeunIndauss msgadsusedn msssnsuumuiedumunswinuasusadou ms
wsusresaniluganfhiminussyaldon ddwesnunsunindauss nisesnuuuaulIznoUaz
seuuuluiiudidegy mesenuuuusuiulimuneunindnuse

Principle of prestressed concrete members. Material properties and allowable
stresses. Analysis for stress in prestressed concrete beams. Loss of prestress. Design of beams
for flexure and shear. Deflection of beams under working load. Strength of prestressed concrete

*qqeenilntnn
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beams. Design of composite beams and precast composite floor system. Floor system design
of prestressed flat slabs.

02232432*  N1SDANLUVDIANT 3(3-0-6)

(Building Design)

Anitipadauninou : 02232322

wAalun1sAnesAkuy sTuumsliaTeilasainelagsan nmsesniuulaseaig
prnsAoumimEsmin seuuTasaduenms ssuuiukassusn milnssilaseaaieinuss
Tighuasisay amanearasiiigades nasgrunazdadmusansesauuy msssnuuussdenas
funsdunsadeunasdafiuilueins

Concept design criteria. Total analysis of structural system. Structural design of
reinforced concrete buildings. Building structural systems. Slab and footing systems. Frame
analysis due to gravitational loads and wind loads. Building laws, standards and codes, Member
design. Shear wall and water tank in building.

02232433*  MTPBALUUATWIU 3(3-0-6)

(Bridge Design)

AgiiReaFersntey : 02232322

YinuBIEswIL ‘fl'aﬁ'muﬂm'iaaﬂu.wLLasm'iﬁ'mumﬁmﬁﬂU‘i'ivln nFAATIEIkaEANS
sanuuulasEiedLITaEEIUWAN ABUNTA WAZADUNIADALSY N1TaBNLUUlATIATEIUATIYDA
ATWIU

Types of bridges. Design codes and loading requirements. Superstructure analysis
and design of steel, concrete, and prestressed concrete bridges. Substructure design.

02232434*  AseRNuUULaznaaslAsEdamaEn 3(3-0-6)

(Steel Structural Design and Construction) -

Aniifeadeusnden : 02232221

A1TERNIUULAENGANTTNVBIMUUTENDU NSEBALUY Autasanaulndn woRngsy
uarn1sesniULARedsadnindsuassanidon usslalufudumidaliurenan seusiaiile
summiluaiud Tasearavdnuusasuiuln msusenau fase uazneadiaulasaandn

Design and behavior of plate girders. Design of composite beam and column
members. Behavior and design of bolted and welded connections, including moment-resistant
connections, seated connections, and gusset-plate connections. Advanced topics in seismic
steel design, Fabication, installation, and construction of steel structure.

02232435*  msHuan LAz doNuelasIaTunBunTn 3(3-0-6)

(Concrete Structure Rehabilitation and Repair)

AerfideaGeunney : 02232221

ms1geineT wasgvoransnstenue reuninmAluladuasaunmulanlunis
douutn wAlamsdeuusiwayhas medeuwen nstuiasuiullasiaie meluladvenns
Ungeinwudadeaiu
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Maintenance and repairs strategies. Concrete technology and durability. Repair
materials. Techniques for repair and demolition. Repairs, rehabilitation, and retrofitting of
structures. Preventive maintenance technology.

02232441*  Femanssumsusezn 3(3-0-6)

(Water Supply Engineering)

FiidoaFeunnnew : 02207211

araddyreniussun Winanld auamvenisstn msdah mssenuuussu
wandreth mastmulassadiugussudssiuaensdaninh

Water supply significant. Water consumption. Quality of water supply. Water
transmission. Design of water distribution system. Development of water supply infrastructure
and water management,

02232442*  prseEnLUUIFUUSTUIE 3(3-0-6)

(Water Drainage Syétem Design)

Jgriideaideuinriou : 02207211

qrninendesiudmiunsssuini Wuanidu i USanauiiia At
- STULGU nseenuuUTEUUTELImhusazifia

Basic knowledge of hydrology for water drainage system. Precipitation. Runoff.
Quantity of wastewater. Quality of wastewater. Pump system. Design of storm and wastewater
drainage systems.

” &
02232443*  fadied uavlasiainiiugiu 3(3-0-6)

(City Plan and Infrastructure)

= - v & v eaa v
arnduinveaiiowaslnsasanugiu AsuEUNTSIdUsE el hiny UMTFIUATY
P o v A R ¥ o a o

nsRadios maimudiswadlastainiugiuegndsiu mnunnaztedninvesiudies

History of town and infrastructure. Land use planning. Standards of urban
planning. Sustainable land use and infrastructure planning. Controlling and constrains of city
planning.

02232444* ﬂ’ﬁﬁ'qu%'nmuasn'ﬁfﬁ'ﬂnflﬂﬂ'sqa%'wﬁugm 3(3-0-6)
{Infrastructure Maintenance and Management)
'?J'az;l,aL‘ﬁamswgmaméﬂm%’umsﬁ'mﬁu'lﬂ'lumsﬁm%’ﬂmuazn’ﬁﬁ'ﬂﬂ'\ﬂﬂﬁﬁ%’wﬁuﬁm

wdnmsUssiiuegnsldnu mswdmsBuning milinseiyarmasntianisidan nquieuden

aey msUszgnfldmsthgeinvuasnisdansdmiulasedeiugu

Data of economics for decision making for infrastructure maintenance and
management. Service life estimation. Asset management. Life cycle cost analysis. Deterioration
theory. Application for infrastructures management and maintenance.
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02232445*  mismsedevenaeiy 3(3-0-6)

(Preliminary Building Inspection)

Jeideaduusnmey : 02232221

VITHIUITTAULASNGUNNNY szuulas@ainee nts nisidReasannns ndnnisuasuun
PNTATINABUBIATT MIATIvFBUAINSIUAITILTITRt01A1s SEUVUINTHALSIUIEAWEAEATN
‘i“‘l.l't.la'uau'umtl.a"ﬁmmaau szuulosiunazsziuaniny Q'Llﬂ'imm']d"|‘ZJENE!’1FI’13LWE]1‘muﬂ'I‘i'aWEJW
‘iu'uUﬂ’]'iU'iW\‘iimn'ﬁﬂ'nuUaaﬂﬂa'lumﬂ'li nInTIedevensiutuTsanden sn1snsiedeu
NTEUIUNTTHALNTTIMINTIBAU

Ethics and Law. Building system, Failure of building. Inspectlon strategy. Integrity
building inspection. Service system and facilities. Sanitation system and environment. Fire
protection and suppression systems. Building equipment for evacuation. Safety management
system. Detailed building inspection. Checklist. Process and report.

02232451*  nseenuuumMmnssussdiveiadmiulasaieiugu 3(3-0-6)

(Geotechnical Engineering Design for Infrastructures)

JuiideaFounnneu : 02232353

udnanstunmseanuuunnssdimaila nsunledguimeduimnssussdivailia ns
fnungaaiRvesiuiionsoanuuy gunnvadlassadrarugu auyadn nsdfne

Principle of geotechnical design. Geotechnical problem solving. Determination
of soil properties for design. Foundation of infrastructure. Deep excavation. Case studies.

02232452%  msdmetuiumeimnsa 3(3-0-6)

(Engineering Subsurface Exploration)

JefifaaGoumnion : 02232351

myssunsd1riy mslidayansssdinenftanisdise 38msdise mav
fagniuwasnsnagauluauiy medsinuwnasiagnuiu madeunenuiasaiuuantidrsna ms
wanadeyanisarzdmadiahlilunisesnuuy

Soil exploration planning. Using of geological data for soil exploration.
Exploration methods. Soil sampling and fleld tests. Earth material investigation. Exploration
report writing and conclusion of exploration results. Interpretation data of exploration results
for design work.

02232453  \neusinnsitvashudoiu 3(3-0-6)
(Introduction to Soil Failure Criteria)
SeriideuFeunnreu : 02232351
mmﬁuﬁuéﬂmaaﬁﬂsunauua ﬂmauumwumumaqﬂu mizguselufiu LL‘i\‘lﬂ‘Llu'llLa”
‘lﬁu'JElLL'NU‘iua'ﬂﬁNﬁ nﬁﬂiummwmau.sa'luﬂumnmvlunn'summuwm 'Nnauuamautaumm'ri
Wasuuameswmieus MdwesfukaznImaaey tLu'Jﬂﬂ‘iJiNLﬂmﬂm'iwummﬂuLLasﬂ'l'iU‘quﬁ'W
Phase relationship of soil and basic properties. Soil stress. Pore water pressure
and effective stress. Stress distribution in soil due to surcharge loading. Mohr’s circle and stress
path. Soil strength and relevant testing. Concepts of soil failure criteria and its applications.

24
sanefenlon il



02232454*  NITBANUUULATILATIENIATE@T WA 3(3-0-6)
(Design and Analysis of Earth Structures)
nMsdrTanaevadauanifvesiuilanseanuuy mslaneiausiuatuesaaiiu s

Reseinsveduvaniuasaudnilussminmstesiauedldon  msssnwuuidsnuasteyn:

AMTIATIEENINTAS msoenuuuLEiAMuLTus ey m3feadauasAIUANUEU ATEAnY
Scil investigation and properties evaluation for design. Stability analysis of earth

slopes. Seepage analysis and pore pressure during construction and service. Slope and

excavation design. Settlement analysis. Soil strengthening design, Construction and field control.

Case studies.

02232455*  aisUssgndreniimaddmivanuimnsaugi 3(3-0-6)
{Computer Applications for Geotechnical Englneering)
nmslglusunsunaufinmaslumsliaseinaznisesnwuudiuimnssulgi nsdau

psunsAId MV Eilgnimadmn sl miiousaranuaion  wsanuRusudie ms

wgadamei Mdeuuinuuavy

Using of computer software in geotechnical analysis and design. Spreadsheet
application for geotechnical analysis. Stress and strain. Lateral earth pressure. Consolidation
settlement. Bearing capacity.

02232461*  Amnssuneaiauaznsdanislasiaiitugy 3(3-0-6)
(Infrastructure Construction Engineering and Management)
LLudﬁﬂﬁuﬁﬂu'luqmawni'iuriaa%'ﬂdLtaﬂﬂﬂn'l'i\ﬂuriaa"fw ﬁ’mmmazngwmaﬁ

\Redasfununeaiis wénrsugmansdmnsin mynusulasinis mavidwuanar mssedy

AaruATntluuneaie nsiamsnineins walulagnsneaiadelvl anudasadsluau

naasn
Fundamental concept of construction industry and project. Contract and

construction law. Engineering economics. Project planning. Project scheduling. Project progress
evaluation. Construction resource management, New construction technology. Safety in
construction.

02232462*  wiesdnswlinuasnimnuslunsneaie 3(3-0-6)

(Heavy Construction Equipment and Planning)

3513 tuneu wasiiasdnsdwiulasimsneatne msinuidaasugmaniuagns
Ussgnilfanieesdnslunsieatne myszudnuaisvesnuieaiaitadenedosdng

Methods, procedures, and equipment used in construction project. Economics
and functional applications for heavy construction equipment. Identification of construction
characteristics for equipment selection.
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02232463*  mTlATRsUYUUNaaT 3(3-0-6)

(Construction Cost Analysis)

ssuudgidwmiumstuiiunudeadne uswu Yan w3eedns uasalade nistams
AMiiReInIIINIsiuredlaTinig msmuausunusedulasantg Bujuasiasin nsleseiils
1A

Accounting for construction operations, labor, materials, equipment, and
overhead costs. Project financial needs management. Project-level cost control. Loans and
credit. Profit/losses analysis.

02232464* msﬂszqnﬁﬂauﬁqmaa’ﬁ*m%’um-sriaa%’wuas'{fmnﬁ'l'.ﬂsaa%"nﬁugw 3(2-3-6)
(Computer Application for Infrastructure Construction and Management)
nsvssgnAldreuiame fvaslusunsudsaguiiensanausuau msdnasminens

nsAsmumnuinmiuasudtgmiierdestunsdeataasdanislassaiiiugu nisuanana

Feyauaznimidulwnsiindvedlasinis
Application of computers and software packages for planning. Resource

allocation. Tracking and problem solving to Infrastructure projects. Data visualization and

infographics implementation.

02232471*  3AINTIUNMITNNUASNITVUE 3(3-0-6)

(Hishway and Transportation Engineering)

"i‘mﬁﬁmn‘%ﬂumﬁau 1 02232211 uay 02232351

AuduguFasnuy madurin wazmednsein msudmsaumamann wénns
MUKV ANTINLRLIURLEAY WazBufn n1Tvudiasnsne nsidouseseritansyudimany
sULUU M5AATIRIRTI9T LALIEAUUINSYOM N ANTBBALUUVNAIBNTHYBISEUUTUEAT NTDBNUUY
AUUMMSVIATIALEEATTANTIUIIL MFANTINIAIUNMSRULAZIATHEMARSIIMAIY A1TDNKUY
auusEnIuazauuABunia Jandmiuaume meeeuasanueaian nsssuneth msnaai
wasUrsainm

Fundamental of roadway pathway and bicycle path. Highway administration.
Principles of highway planning. Planning for passengers and freight. Public transportation.
Linkages for multimodal transportation. Analysis of traffic and level of service. Physical design of
transportation system. Geometric design and operations of highways. Highway finance and
economic. Design of flexible pavement and rigid pavement. Highway materials. Bituminous
surface and asphalt. Highway drainage. Highway construction and maintenance.

02232472%  msAEiuNISIANTNUMTITRNT 3(3-0-6)

(Traffic Operations and Management)

Jnidioaieundon : 02232271

AMSANYINTGTIAT NITIANITNIUAITITIDS Lﬂ‘i"'aaﬁamuqumsﬂﬁﬁ N159DNRUY
aulaenfouumaviant nseenwuuszuuiuasadne dsnnmnuasaandmiufiansn msvy
dewazaanil meAnsigliivg MITanIssuunMsITas
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Traffic studies. Traffic management. Traffic control devices. Highway safety design.
Lighting design. Parking. Loading and terminal facilities. Accidental analysis. Traffic system
management.

02232473*  msrNUNUNsTUdINIAkaziwniiia 3(3-0-6)

(Urban and Regional Transportation Planning)

Aieadousnden : 02232271

dnwasuastguivasmsuudaeniiss nssurun1TRUATITTRdINIALaZINE Y
n19UsENIMNANTUSITIANABINISHIUNTSAUEY MITATIETEUUYNEY N15d1579 SIUTIN UaY
Siswideyaiililunisnuwunismd milnsehdudsvgmanidmiuusunsouds

Urban transportation characteristics and problems. Process of urban and regional

planning. Transport demand estimation. Transportation system analysis. Survey, collection and
analysis of transportation planning data. Economic analysis for transport plans.

02232474*  TAANINY 3(2-3-6)

(Highway Materials) _

Jeiifoadeuandion : 02232351

puanUAMIManuasTannay keafladuazueailadnounin dnunglasaaing
983l wmsguuazdeimun nissenwuvdiunanseaiiadrauninlagiBuninsaduasityied
wl nanagauianiunnlueslfiinns

Physical properties of aggregate. Asphalt and asphalt concrete. Asphalt
pavement structure. Standards and specifications. Mix design methods of asphalt concrete by
Marshall and Superpave methods. Laboratory tests of highway materials.

02232475%  MT9DALUURIMINLAENISIANTS  3(3-0-6)

(Pavement Design and Management)

AnideaFeunnnou : 02232271

dUsznavradlasiaiimns mieusdufim woinssuvesiufiinaneldus
nsevin MIRsIAERUEIReULALANIITIRT SnvaisuTIVN nseenuuURNRMLUUABUNTAWAY
a1mg MIdansuaznisinginwiiane

Structures of pavement. Stress in pavements. Pavement behavior under wheel
loads. Vehicle and traffic consideration. Loading characteristics. Design of rigid pavement and
flexible pavement. Pavement management and maintenance.

02232490%  anfiafinw 6

(Co-operative)

nsuftRemluanussnsunisludnemswiineuding velilduszaumsalann
nslufTRulASUMB UMY

On the job training as a temporary employee in order to get experiences from
assignments,
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02232495*  miswisunslassmimnsniles-Tassadrodug 1(0-3-2)
(Civil Engineering-Infrastructure Project Preparation)
msdnwdondalauslasssy MINTIeNaITwAZTIBIUANATIDN
Preparation of project proposal. Literature review and progress report.

a v &

02232496*  Gesawenvimnsnulest-Inssaireiugiu 3(3-0-6)

(Selected Topics in Civil Engineering-Infrastructure)

- a v & o o o oy d <

Seuanemadmnsales-lasadeiug lusesivdiyynd MdaFeadaaulyly
usiazNIANISANY

Selected topics in civil engineering--Infrastructure at the bachelor’s degree level.
Topics are subject to change each semester.

02232497*  dun 1

(Seminar)

nmsnaussazeduswiterhihaulanisimnssales-laseadniuglussdy
Yaand

Presentation and discussion on current interesting topics in civil engineering-
infrastructure at the bachelor’s degree level.

02232499*  TassrniAmnsaalesi Tassadeiugu 2(0-6-3)
(Civil Engineering-Infrastructure Project)
FiidoaFeunnneu ; 02232495
Taseruihihaile luwouwhs 9 vadimnsales Tasaieiug
Interesting project in various disciplines of civil engineering-Infrastructure.

3.1.6.2 wiviiillusiauenndngns

01208111  msaunuuifAINgsy 3(2-3-6)

(Engineering Drawing)

walamadsuiidnwiuaziaay nsdsugunsasvndnuegnd madeunmonils
ATwiin Madeunwanudd nslifiuauasnasiaseanndou n1sdauniwdn 3t nausy
a8 wadanadounmin nsdeuluuianisasideawazasilauuuunisusenau madeunuuld
aouRameitanioy

Lettering techniques; applied geometry drawing; orthographic drawing; pictorial
drawing; dimensioning and tolerancing; sectional view drawing; auxiliary views; development;
sketching techniques; detail and assembly drawings; introduction to computer-aided drawing.

01208221 nafansIrINIsy | 3(3-0-6)
(Engineering Mechanics )
Sefiaaduuannew: 01417167
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MiRTIusENga nsUseyndaunsaunatulassairwaziaiesdnsnaeunians
vguivaiudany wuasadeutaruenddanda anudoaniuwidy anFuavanawiu
oy wilusnwvesannn Tuaudniudssvseiiuf

Force analysis, equilibrium; application of equilibrium equation to frames and
machines; centroid, theorem of Pappus; beams, shear and bending moment diagramns, cable;
dry friction, wedges, screws and belts; virtual work, stability of equilibrium; area moment of

inertia,

01403114  UfiRnsvdnyawaiiialy 1(0-3-2)
(Laboratory in Fundamental of General Chemistry)
Aeriifeadunnneuviewdenu : 01403117
UitRnsdmiuden 01403117 vanyawmilyinly
Laboratory work for 01403117 Fundamentals of General Chemistry.

01403117  wdnyawpiiialy 3(3-0-6)

(Fundamental of General Chemistry)

Tassa¥wesnan anTeRseefnuasantinuasiafioadin Wussiadl Yinuduius
WAd veavad vasude ansasate saunamaniiall aunaiail nnuaziva augaveslassu swTHiiou
witv Tame elany wosidlans Tansunsuddy

Atomic structure, periodic table and periodic properties, chemical bonds,

stoichiometry, gases, liquids, solids, solutions, chemical kinetics, chemical equilibria, acids and
bases, ionic equilibria, representative elements, metals, nonmetals and metalloids, transition
metals.

01417167  adadaniicmnTIy | 3(3-0-6)

(Engineering Mathematics )

alimuasaruseiilosasiladdu syfusuavnisuszand Andaeyius Uituduasnns
Ussgndt seuuitiadein Uiiushinsauuy ddusavayns meguiudeedamans

Limits and continuity of functions, derivatives and applications, differentials,
integration and applications, polar coordinates , improper integrals, sequences and series,

rmathematical induction.

01417168  mdinAaERTIAINTIH I 3(3-0-6)
(Engineering Mathematics II)
Seiideaduunnfou - 01417167
nnweskassTAdindinTsinseiu uwragiavesilyituvaneduds unapdaves Heidu
ANINMBS
Vectors and solid analytic geometry, calculus of multivariables functions, calculus
of vectorvalued functions.
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01420111  FAndvialu | 3(3-0-6)
(General Physics 1)
naand nsadaufivuueniueiin adu naranivediva guvmanmans
Mechanics, harmonic motion, waves, fluid mechanics, thermodynamics

01420113 UjuRmsHand | 1(0-3-2)
(Laboratory in Physics 1)
Jeiidoadeumnneu : 01420111 wiandeufiu vie 01420117 Wiewiauiu
UitRmMsdmsuiniandialu | wie Wandiugmu (
Laboratory for General Physics | or Basic Physics |

02204101  mmdenlusunsudosiu 3(2-3-6)

{Introduction to Programming)

Tnssadreugiutesssuvasninmefaislml nasunudeyalunsufiamed unuan
gpsmsfnaaiumudtgm msvmunlusunseundn madeulusunsudewiufontnsedugs
nsinufuRnsiusunsuludesujidnsrenfiames

Basic structure of modern computer systems; data representation in computers,
role of computation in problem solving, small program development, introductory programming
using a high-level programming language, programming practice in computer laboratory.

02206111  Y@R3MINTIN 3(3-0-6)

(Engineers Materials)

nsAnwANEdTUSsEnInlasEin anaudh nsruumseiinwasaussousesiang
Jrnssy mIUssendnguudnuecias Imnsa laun Tavs lavsnanindwed wirlin wanadin 819
graugmay 1Y Yaqusenou Jaqraasne Aounia unuMwanAaWaLaEN1AAUNINY N1SANE
anuduiusseninlnsaadann Jaaranasunataduandivesiandsinssy nsnadauwazng
Arseiaudivesian nisfandounasninidenveiag nsruiuntsndnvesiasimnisy naved
nssiimeanudounalastaduniqaninnavauifvasian

Study of relationship between structures, properties, production process and
performance of engineering material. Application of main group of engineering material i.e.
metal, alloy, polymer, ceramics, plastics, rubber, asphalt, wood, composite, construction
materials, concrete, phase equilibrium diagrams and their interpretation. Study of relation of
microstructure and macrostructure with material properties. Material properties testing and
analysis. Corrosion and degradation of materials. Production processes of engineering materials.
Effects of heat treatment on microstructure and properties of material,

02207211  Warnamsiugu 3(3-0-6)
(Basic Hydraullcs)
winnsiuguuasnuantAvevative afinemanivesvadlva aaumams'um-uad%a
aumswumue’f'miumﬂwamungmama ng‘lumummtauwamu mslvauuuasdl mslnauuulained
nnslvaluvie msinalumathilia msdanasiva mmurdoaduasmylins s
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Basic concepts and properties of fluid, fluid statics, kinematics of fluid flow,
basic equations on law of mass conservation, momentum and energy of fluid flow, steady flow,
unsteady flow, flow in pipes, open channel flow, fluid flow measurement, similitude and
dimensional analysis.

02207212 UfiRnsvermansitugy 1(0-3-2)
(Laboratory of Basic Hydraulics)
Jyrieaerannou: 02207211
UfiRnsilideatunquivesiviearmansiugiu
Laboratory of basic hydraulic theory

02207301  gvnivendmivimninden 2(2-0-4)
(Hydrology for Civil Engineering)
mansmqawnfmm Qilarnnefinen wmmmﬁq nssemEuagnsAe dwh aumuau
dnunzvasguih abfinegrnive msdinseianud mseenuuumgiy mseenwuUnTivoN

Hydrologic cycle, climatology, precipitation, evaporation and transpiration, runoff,
catchment and catchment characteristics, hydrological statistics, frequency analysis, storm
design, flood hydrograph design.

02207332 wammaniUisgni 3(3-0-6)

(Applied Hydraulics)

Aiideaduwnneu : 02207211

m's‘lJi"EJrmvianmﬂwamwamamﬁﬂum‘iﬁﬂw’ma oanuuuidau a"NLﬁUﬁ"\LLa"a'lm'i
Uiunau WN‘S»U']EJU’I’EMLL?]"E]']ﬂ’]‘iﬂﬁ']ﬂﬂﬁﬂ\‘l"lu mslvalumainla svuuvieuszaassdah ssuy
syuteti Lﬂimauu'mauﬂmuu’l m‘sﬁnmﬂ‘i’mgm‘icu'mLma'iu.ﬂmua‘iLtaun’liﬂiuﬂnm'i,'un'um‘i
senuuunziuhuastiannuiy meinnedmsedaudensnauludmh nafinvuuiaeames
AARILaSNIAANY

Application of hydraulic principles to study and design of dams, reservoir and
appurtenant structures, spil(way and energy dissipators, flow in open channel, pipe systems and
canal, drainage systems, pump and turbine, study and application of water hammer to design
hydraulic ram and surge tank, analysis of sediment transportation in stream, study of hydraulic
model and case study.
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introduction to surveying work. Basic field works. Leveling Principles and applications of theodolites.

Distance and direction measurements. Errors in surveying. Acceptable error. Data correction. Triangulation,
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Basic structural analysis. Reaction force, shears force, and moments in statically determinate

structures. Influence lines. Analysis of force in trusses. Structures subjected to moving loads. Deflections of
beams and frames. Method of virtual work and strain energy. Analysis of statically indeterminate structures
by method of consistent deformation.
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Fundamental behaviors and properties. Introduction to Inspecting and testing of engineering
materials. Steel, Rebar. Wood. Cement. Ageregates and admixtures. Mix design. Fresh and hardened concrete.
Highway materials and civil engineering materials.
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Destructive and non-destructive test, Compression. Tension. Shear. Torsion. Flexure and hardness for
steel. Non-ferrous metals. Wood. Agsregates. Concrete. Asphalt and architectural materials.
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Fundamental of engineering economy. Cost. Interest rate. Present worth analysis. Annual worth
analysis. Rate of return analysis. Benefit cost ratio analysis. Depreciation. Taxes. Break even analysis. Inflation

rate. Making decisions on engineering projects.
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Earth and composition. Structural and geological process. Mineral, Rock cycles. Rock classification
and weathering process. Structural geology. Topographic map. Geologic maps and geology of Thailand.
Geophysical exploration and site investigation. Geology process and engineering.
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Fundamental of transportation system. Problems in transportation. Planning and evaluation of
transportation systems. Transportation models. Water transportation, Pipeline transportation. Road
transportation. Raitway transportation. Air transportation. Transportation planning. Supply chain and logistics.
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Homogeneous first-and second-order linear differential equations. Nonhomogeneous differential

equations. Fourier series and Fourier transforms, Third and higher-order linear differential equations. Numerical
methods for differential equations and solution to non-linear equations. Applications in civil engineering.
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Analysis of indeterminate structures by elastic load method. Strain energy method. Slope-deflection
method. Moment distribution method. Influence line of continuous beams and frames. Basic plastic analyss.
Approximate analysis of building frame. Matrix method. Calculation of wind force and earthquake force acting
on building.
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Concrete and reinforcement. Fundamental behavior in axial, flexure, shear, torsion, bond, and
combined action. Design of reinforced concrete structures by working stress method and strength design
method. Design principles. Application to basic structural members. Structural design for deep beam, corbel,
and retaining wall. Wind and earthquake load. Practice in reinforced concrete design and detailing.
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Design of timber and steel structures. Tension and compression members. Beams. Beam-columns.
Built-up members. Plate girders. Connections. Composite member design. Basic concept for wind and
earthquake resistance design. ASD and LRFD methods. Design practice.
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Design practice of timber and steel structures. Medeling and selecting structural system. Computer
software application, Design of tension and compression members, beamns, beam-columns, built-up members,
plate girders, connections, and composite member design. ASD and LRFD methods. Structural drawing.
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Introduction of geology. Index properties and classification of soil. Compaction. Permeability of soil
and seepage problems. Principle of effective stress within soil mass. Stress distribution. Compressibility of soil.
Shear strength of soil.
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Soil investigation and sampling. Experiment for soil basic properties. Compaction of soil both in
taboratory and construction, Soil permeability determination. Soil strength determination. Seil volume change
due to water discharging. Writing soil investigation and testing report.
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Contract and specification for infrastructure project. Principles and practices of estimation. Surveying
quantities of labor and materials for construction projects particularly infrastructure projects, bridges, highway.
Quantities and unit costs calculation for excavation, concrete and formwork, carpentry, masonry, structural
steel, exterior and interior finishes.
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Knowledge in computer usage. Information and database system. Software packages for civil
engineering. Report creation. Presentation. Drawing plan and topographic map in civil engineering. Using of
computer for civil engineering problem solving.
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Shear center. Unsymmetrical bending. Curves beams. Beams on elastic foundation. Torsion of shafts
of noncircular cross-section. Torsion of thin-walled section. Composite beams. Medium length column and
long column. Critical load. Euler formula. Strain energy method. Theories of failure.
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Introduction to numerical methods. Matrix analysis and algebra. Computer programming techniques.
Computer applications in structural analysis and design. Application of finite element method in structural
analysis.
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Principle of prestressed concrete members, Material properties and allowable stresses. Analysis for
stress in prestressed concrete beams, Loss of prestress. Design of beams for flexure and shear. Deflection of
beams under working load. Strength of prestressed concrete beams. Design of composite beams and precast
composite floor system. Floor system design of prestressed flat slabs.
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Concept design’criteria. Total analysis of structural system. Structural design of reinforced concrete
buildings. Building structural systems. Slab and footing systems. Frame analysis due to gravitational loads and
wind loads. Building laws, standards and codes, Member design. Shear wall and water tank in building.
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Types of bridges. Design codes and loading requirements, Superstructure analysis and design of steel,
concrete and prestressed concrete bridges. Substructure design.
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7. AtaSurmsedvi (Course Description)
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Design and behavior of plate girders. Design of composite beam and column members. Behavior and
design of bolted and welded connections, including moment-resistant connections, seated connections, and
gusset-plate connections. Advanced topics in seismic steel design. Fabication, installation, and construction of
steel structure.
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7. A1e3u1e918311 (Course Description)
MUY uavm*sqmsmamn'rs-uamwn rouninmalulafnasanunmuianlunsdenuey waliadsns
Fountmaziany nsdeudey MmsttukasuiuUgdaseadne waluladvesmstizesnundadosty
Maintenance and repalrs strategies. Concrete technology and durability. Repair materials. Techniques
for repair and demolition. Repairs, rehabilitation, and retrofitting of structures. Preventive maintenance
technology.
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Water supply significant. Water consumption. Quality of water supply. Water transmission. Design of

water distribution system. Development of water supply infrastructure and water management.
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Basic knowledge of hydrology for water drainage system. Precipitation. Runoff, Quantity of wastewater.

Quality of wastewater. Pump system. Design of storm and wastewater drainage systems,
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History of town and infrastructure. Land use planning. Standards of urban planning. Sustainable land

use and infrastructure planning. Controlling and constrains of city planning,
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Data of economics for decision making for infrastructure maintenance and management. Service life
estimation. Asset management. Life cycle cost analysis. Deterioration theory. Application for infrastructures
management and maintenance.
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Ethics and Law. Building system. Failure of building. Inspection strategy. Integrity building inspection.
Service system and facilities. Sanitation system and environment. Fire protection and suppression systems.
Building equipment for evacuation. Safety management system. Detaited building inspection. Checklist. Process
and report.
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Principle of geotechnical design. Geotechnical problem solving. Determination of soil properties for
design. Foundation of infrastructure. Deep excavation. Case studies.
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Soil exploration planning. Using of geological data for soil exploration. Exploration methods. Soil
sampling and field tests. Earth material investigation. Exploration report writing and conclusion of exploration
results. interpretation data of exploration results for design work,
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Phase relationship of soil and basic properties. Soil stress. Pore water pressure and effective: stress.
Stress distribution in soil due to surcharge loading. Mohr's circle and stress path. Soil strength and relevant
testing. Concepts of soil failure criteria and its applications.
8.* @1sdfdou
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Soll investigation and properties evaluation for design. Stability analysis of earth slopes. Seepage

analysis and pore pressure during construction and service. Slope and excavation design. Settlement analysis.
Soil strengthening design. Construction and field control. Case studies.
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Using of computer software in geotechnical analysis and design. Spreadsheet application for
geotechnical analysis. Stress and strain. Lateral earth pressure. Consolidation settlement. Bearing capacity.
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Fundamental concept of construction industry and project. Contract and construction law. Engineering

economics. Project planning. Project scheduling. Project progress evaluation. Construction resource

management New construction technology. Safety in construction.
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Methods, procedures, and equipment used in construction project. Economics and functional
applications for heavy construction equipment. Identification of construction characteristics for equipment
selection.
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7. A13u18T183v1 (Course Description)
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vaalasims msmuguduusziulasins Sufuanasin msiesisidilsnanu
Accounting for construction operations, labor, materials, equipment, and overhead costs. Project
financial needs managernent. Project-level cost control. Loans and credit, Profit/losses analysis.
8.* a1 diaau
swasBoamuiunngludimdngasvanad 4 4o 4.1
9. unuiluaranisnszeanuivAsveumasgunansGeuiainudngasgedui (Curriculum Mapping)
swasdenamiiumngludumdngasmnad 3 40 3.2
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7. A195u18s187311 (Course Description)
m*id‘s.,qnﬂ"l'uﬂaumma'ma-'Tﬂitmiuﬁ'm'stJLwam-n'mmumu MIAAETININEINT MIBanIuAINAIMN
waznftgwiisadastunsieadauas ﬁmmﬂﬂsqamwumu mMauananadeyauaznisyiduldnsiindvedasinis
Application of computers and ‘software packages for planning. Resource allocation. Tracking and
problem solving to Infrastructure projects. Data visualization and infographics implementation.
8* @nmsdfasy
meandsanuiumngludumdngasmnai 4 4o 4.1
9.* unuﬁuamnﬁn'ismuwnu%'uﬁmaummg’mnam'sl.’:'uu;:",mnuﬁnﬁmﬂﬂuﬁm {Curriculum Mapping)
swazduanuiuingludumdngnsvnai 3 4o 3.2
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wae 02232351 narianivaiu (Mechanics of Soil)
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7. @esureseivy (Course Description)

aruditugnudosnuu maduni uasmednseny MIUIINSIUNIMAIS NANATTIUHUNINAN AT
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Fundamental of roadway pathway and bicycle path. Highway administration. Principles of highway
planning, Planning for passengers and freight. Public transportation. Linkages for multimodal transportation.
Analysis of traffic and level of service. Physical design of transportation system, Geometric design and operations
of highways. Highway finance and economic. Design of flexible pavement and rigid pavement. Highway materials.
Biturninous surface and asphalt. Highway drainage. Highway construction and maintenance.
8> mmwnaau

1'1EJa%aammum]‘nng'lulawanqm‘mmmw 499 4.1
9.* I.Luuml.ﬂmmin's..inun’:’luwHmauu'msg'mﬂan'l'ﬂ.‘iﬂuimnnﬂngnsﬂﬂmm (Currlculum Mapping)
i'ltlasl.aﬂﬂm'mwﬂﬂn:‘]'lunauﬂanqmummw 3 4p 3.2
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FoArmwdangs Traffic Operations and Management
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4. FuaiideuSoundauiiu Tifl
5 Syfidavhsedur Fuil 14 Wou Ausngu w2565
6. nﬂivﬂqn"lun'mﬂnﬂu':m

6.1 AuEIRY YA

asvuds uarladadndiunumdrdgremsiniiudin dewmsugiia uardiauluilegiulusduenn il
asdune wasmsnssedudilaldmsanesmeunituanndy esdanuilunisfanisanesidimmudibulumsty
smonuliiaulasaty uasiiuszAninw msfinyimsinnsaunisesas wiswfleamuaunisesnas msesakuy
fuanutaenivuuauy nsiiasedigiRvg msdanisssuunsesies rasssumsinTeiidesiivensn waznisuu
de SadussdmmuidilitdnamrsanhiullumsufiRouindmnssuouds aasaauannsmimiuiluusegndld
tunrsvien WeliiRaussTovivadenn uasUsemeyle

6.2 Hadnsmnatunuiida

e AT
nasvsTiatiuivian

undwdmsideuivamdngas (PLOs) *

= - L
1. anunsasdueluFassruumsanasla
2. (FEUNSATTHNGAIIAT HIUATODNKUY MTAA
M599193 Anudasafelumsldouy

pLOL. HAnfimudfanquiiuasineznsufiReniusu
nnssamanituRugy

PLO4. fdnilianafisianisUsznauenin muvdngussiy
PusI warasseussadnin sudnsienswlungsudeu
Fovsduresdiny uar nansevuieiwindou

[ v -
3. annsmhaniuasasedieluldlunisudluan
wodalufunsvud uasn1sasasia

PLO2. Rdmamnsaysanismanising 4 ientsyineu as
uhlelgynisineg nsfinwia adhsadwassd

PLO3, DAnilinuelunslfiatasiia gunsal veviuasi
iHerdes weliladarsauvawasmsdeanslunsvhou wisy
favdeudmanslul waluladivuaiosomusediaias

7. A1@5uU1w5187391 (Course Description)

LTS A o
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! . L) - A 1 = b3 L a
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TEUUMTITING

Traffic studies. Traffic management. Traffic control devices. Highway safety design. Lighting design.
Parking. Loading and terminal facilities. Accidental analysis. Traffic system management.
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131




- o o w - . .
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ﬁaﬁmmmé’mqu Urban and Regional Transportation Planning
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7. A195U18s187Y1 (Course Description)
dnunzuastgmussnisrudaeadies  assuumMTRELMITUARMALELAEBY  MadsEnam UG

aufamsiumsuig melTedssuunuds msde nunuaiensideyalflunsmusumsads a3
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Urban transportation characteristics and problems, Process of urban and regional planning. Transport
demand estimation. Transportation system analysis. Survey, collection and analysis of transportation planning
data. Economic analysis for transport plans,
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7. A195uweTIIv (Course Description)
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Physical properties of aggregate. Asphalt and asphalt concrete. Asphalt pavement structure.
Standards and specifications. Mix design methods of asphalt concrete by Marshall and Superpave methods.
Laboratory tests of highway materials.

8* o1913dfaau
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135




= T o - . .
9.* usuiindmINsnIzwAINiuAavavINRTgUNan sRuuinvangaTgTedun (Curriculum Mapping)
=l ' v =l 1/
swandsanwiusinghudundngmsvuinh 3 9o 3.2

136




. 1-1

wuuduasvalasedva v
seuSens
nadudalnssules ausdranssuAtaaiiIuLnsiEy Inatuaniunateay

Sruaumbieia (eusime-guIians-eednededimes)

1. sWadu 02232475 3(3-0-6)
Ha3vnwilny AMSEONWUURIMINAENNFIANTS
Fovinmundangu Pavement Design and Management

2 ﬂaﬁmﬁ'ﬂat‘{lﬁag"tuuu'mﬁ-msué'mﬁcgmw?ﬁ’qﬁ
( ) wsirdnwwilunguense
") mnsdniamzlundngariminssumanitudin andvimnsalus Tassadreiugu

() 3ruawsdhu

) Svnawizdon
( Ywnalvudenad
O RS IVEAIRCE VP EATIVE G Ok S—— LT R——
3. Syriifeaduunndeu 02232271 Fenssuwud wazlalafng (Transportation Engineering and Logistics)

1l
Hudl 14 o fueneu w.n.2565

o o ar
4. Audeaduuniouiu
(7] AIJ -] -
5. Aufidainseivn
6.4 JnqussasAlunintlinsedvn
6.1 ATUEIANYITINTE
msmu‘lwmqmwﬁna'luﬂﬂquu‘[mumwwvamammamu‘iaaamna eiqma'l.mnnmﬁﬂuu'mwum naOAIY
nsnszaredugilagldnisessmeunifiuuiniu msaanuuummq'l.mmmsnsaawmsaswsmwmu FaasTv
arudfey Adosildtiedefiinatenisoonuuy feuananesiudnuaemssnas o UmiinuIIALE? uqmmaq
fursunanmuandey iienia $Iuade vannisefinisldaufionng mnumwmﬁamummunausua 18t
aanuuu‘l'm'mmmm']wa muumnum'\uL'm'La'lu'sﬂuuu'ua\m'ﬁammir-mm geylvanunsaltanidmadalulalagly
Fadaudratlnddoussosnaniiennuuy %'qavm'l.wmmmmﬂum Useudnauussuiu Iﬂuqum'uuauﬁmrsuu'lu
:nm‘anuumﬂ.,mum'mehﬂzuﬂaamswwu'm'nugauq fenilnasanisasniuy 'lwnumaauaaqmua Winaruddgvos
o Ly J + 14 o 3 ) (¥ L) 113
msdantsfiome elouuannsaldeauldsnaumm ansadiansiludnsainmseenwuutazmsinnislanm g
o ol | Y
wansndulseleniiadnula
w (J - -’ .,
6.2 Hpansanavunuldn

Y- A Y = -
nadwifiatuiuilin nadwsnsissugvewmdngas (PLOs) *

1. amnsavendausenauadaTaaieimm pLOL, fidnfiarudvimauiuaziinuenisudifenluiu

- aal v a . | - & X
ﬂaun%‘ﬂuﬁzﬂ'lﬂqﬂi'ma'l\l IFATANTTHINN NTYU | IFINTTUATRRITURUGIU
o o v '
Uhgfomidldiliadamnudemealuguuuudn

o ' ad o & - v
mmmmumﬂuimmmﬂumvm‘lm

2. asooanuuulaseadfimanuuasuniakasiin
WHILUTINEN aasguivninussyn dedmun
Medmsunssanuuuld

PLOZ. fAnannsaysamsmaniang q emsvhon as
whlullgwsineg msinwwie eervadeassd

PLO4, idnflianafisianisusznouendw aavdngusssu
9305530 warassouTsafinndn saubainsinswtungssdeu
Fovsurasdeny Uar nanTevudadandou

| Y - - 4 r ] L)
3, anunsadusuiinisusziluanmiiamafiviusoas
ey Ao Y Y ,
mnnuidefiadurinisludssimauazaalsenea
waztinausle

- ) Y| ral
PLO3, fRnivinwrlunisldiniesile gunsal voviduadi
= Y = ° ")
Auatias waluladasaumnawaznsdoanslunisyheiu wiey
A wl 173 [ dnl - 3 1 q n{
fasSoudeanibnl inaluladimiualiodremusindialiiat

137




7. A183unes1e391 (Course Description)
dutsenouvedaseione mhaussluAme wofinssmesiufoemeliusansei msfesandeaty
INIUNAZANTITINT ANVAIEUTTVA NMIsanuuURLRIMIUURRUNIkaranAee metanisuazmstrpeitunims
Structures of pavement, Stress in pavements. Pavement behavior under wheel loads. Vehicle and
traffic consideration. Loading characteristics. Design of rigid pavement and flexible pavement. Pavement
management and maintenance.
8¢ anidfiaeu
swauduanuiiusngluidmdngasmnad 4 4o 4.1
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