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Development of a Program for Analyzing Road Culvert Design in Highway Area
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Abstract

Climate change and land use alterations significantly impact
the efficiency of road culvert drainage systems, as increased
water level and runoff often exceeds the design capacities
defined by past standards. This study aims to develop computer
programs an analytical and design program for road culverts
using MS Excel, enabling accurate and precise calculations that
accommodate climate changes, road widening, and surrounding
land use modifications. The developed program enhances

usability and ensures suitability for current conditions. The study

involves data collection and performance verification of culvert
designs based on the design standards of the Department of
Highways. The findings demonstrate that the developed
program can accurately determine the size and quantity of road
culverts and according to the standards of the Department of
Highways. Additionally, the improved design enhances drainage
performance compared to conventional methods. This research
provides a crucial framework for optimizing road culvert designs
to adapt to future environmental changes, mitigating of flood
impact and  promoting  sustainable  environmental
management in the study area.

Keywords: computer programs development, drainage, culvert,

water level, drainage efficiency.
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Design of Highway Culverts (Third Edition), FHWA-HIF-12-026
HDS5, 2012 [1]
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AsAnwilidenldis Rational method dwsumaArsnsinisina
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e A1 Qr Ao é’mﬁmﬁlmaqﬂqmaﬂfw o afifiansanmiog
u m¥/s fn C Aeduuszanaunvia (Coefficient of Runoff) Jufu
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- slvanuudnuehe (Weir Flow) finsanseduihmadhunne
a¢lsigwinnthnie Miguil 1 (a) waganuaaduvesvieasiuuuud
AuaIATuLn (Steep Slope) Ao Auaraduiivilinisinawuu
@' uans (Uniform Flow) 14 uwvunisinaanizinideingn
(Supercritical Flow) maInfuiariidunnninauain uane
AN (Critical Slope) BadumuaaduivilsiAanslvauuuanmy
3nge (Critical Flow) drufunisinavini auntsildmusam
Usinaldfisuuuuuiusumiiouuuunisinarugida (Orifice
Flow) uslazuag fugusnmiidnveaioss dnuwaenislvauuy
Inlet Control taglvalilifiuvie Mefldnuaramuaindumn uay
swfumeeanuaevie (Tailwater) aliigaiamdie

- nslwarugidn (Orifice Flow) ansunseduLmiadn
(Headwater) agjgsninsefundavio fsguil 1 (b) wazgudl 1 (0) usith
Alnadviesrlnaldlifiuvie dnvarnisinavesinileutunisiva
H1ugi0n (Orifice) wialvaaanlduiulseg svu1eth (Sluice gate)
3938011 Orifice flow dmsurioasauunay (Pipe Culvert) Lagiie

oAl uUEIRALY (Box Culvert)

Tnlet Unsubmerged

7 Water Surface

7 Water Surface

(a) Weir Flow
Inlet Type 1 Projecting End — Unsubmerged Inlet

Inlet Submerged

7 Water Surface

HW

¥V Water Surface

(b) Orifice Flow
Inlet Type 2 Projecting End - Submerged Inlet

Inlet Submerged

HW = Headwater
TW = Tailwater

7 Water Surfac:

(¢) Orifice Flow
Inlet Type 3 Mitered End — Submerged Inlet

3UR 1 mslavesishuieasauuunsAIUANsERULINILG
(Inlet Control) [5]

TN <=
N Ho=d+-- HGL| > Skpe §X0
SE(‘TIO\'@ SECTION| “ 4—“—5 Ye
\ A A
. D| D)
ELEV. v v

BOX PIPE

ey T T

HW = Headwater
TW = Tailwater

U 2 sUdadundsnunsiva dmsunisivavesirinvieasauwuy

MIAUANTEAUNIMIGE (Inlet Control) [1]

ammiﬁm%‘umi"lma%mug'lr;huviaaamt,l,wmimuqmmﬁ’uﬁw
yat (intet Control) (5] nsdisedutmadninvieligaiminyie
(Unsubmerged) o shuvjavtiéingl 1 faguil 2 wasdsuandluaunis
7l (@)

HW, H K,Q
D D AD®

<+ K —) + KS @)

nsdlsgAudimadinyieligaiandinyie (Unsubmerged) o

Fuvdaingag 2 fsgui 2 uarduansluaunisi (5)

HW. KQY
W (K0

nsdlsgiudmadnuinviegeiaudinyie (Submerged) Asgud 2

uazAaansluaunisn (6)

% = c(%j +Y +KS (6

A19°9% 1 AnAafidmsunIsAwINNslare sl N IUYBADALUUNITATUAN
5¥AUUIMIAULN (Inlet Control) d1vsuviaaeawuUALMAsN (Box Culvert)
(5]

Nomograph Wingwall
K C Y
Scale Flare Type
Inlet Type [1] 30° - 75° 0.0260 0.0347 0.8100
Inlet Type [2] 90° 0.0610 0.0400 0.8000
Inlet Type [3] 0° 0.0610 0.0423 0.8200

A19°9% 2 AnARfidmSUNIAWINNS IaTe I TN IUYIBADALUUNITATUAN
SEAVUIMNNDT (Inlet Control) dvsuneasauwuuvianau (Pipe Culvert)
(5]

Nomograph Wingwall Flare
K c Y
Scale Type
Inlet Type [1] Headwall Square Edge | 0.0098 | 0.0398 | 0.67
Inlet Type [2] Headwall Socket End 0.0018 | 0.0292 | 0.74
Inlet Type [3] Projecting Socket End 0.0045 0.0317 0.69

- & v a 3 4 v ' P o
Wa HW, fie AugeessEAuRnhivInmadvesieasn euiu
9 ~ | ~ v 3 %

srAussaluinyie TunsdlvesnismvauseAudInIadl (Headwater
depth of Inlet Control luniheiuas (m.)

D Ao 1duN1AUINA1IYBIABALUUNANNS BAIINAN VIR
(Section depth) vewisaeauuudivdsy Tunulemns (m.)

K, c, Y fp A1Aefl Aeuandlumis1en 1 a151e9 2

Ku fe Adavdmsuilasmmiae lneliawwinny 1.811 dnsu
szuuniigana (Sl unit)

Q fe dasmsivaduviensn lumiegnuiadiunsdedund
(m>/s)
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A fo fuiveihdnfiuvewioasn (Full cross-sectional area of
culvert barrel) Tumigasiauuns (m2)

K, A9 A1sunimuaindu (Slope correction) vasvisasn lng
JANVNAU -0.5 way 0.7 1USUY9RALUUNANLAEY DABALUY
Awidey mude

S fim Mmanduvesvieasn (Culvert barrel slope)

2.1.2.2 msluavesirhuriensauuumsmuausziutisosn
(Outlet Control) AN ITBINTTTEUIBUINII0DNAEAINTINS
spusmadn Uunisivanstuegfuasdusznounansein
AIgiu 1Y AUAINTUTDVDADA AIUYIUTTVRIHIVIBARA AN
uanesvessERUUNYeneafuUaeviensn uardnumresin
vieaen Wusu aunsaswunlidu 2 wou [2] fe

~ nslnauuuiifiuvie (Full Pipe Flow) nslwaddthasiduvie
aon ussurasineglurieaonazganiinnuduussenia iunvie
aamzﬁufﬂazqaﬂ'jwawumamaaaﬂ wifidanevieaeaseiuh
9199vIndMieaen Faguil 3 () wielsivhamdavie figuil 3 (b)

- nnslwasuuihlalifavie (Partly Full Flow) nsluadnuaszd
aruanduvesiesrdendusuuaindutios (Mild Slope) Ssasilen
Fudesnitanuatatuluaniiznisivanuuing® (Critical Slope)
nslwauu Mild Slope 1 aziduuuvaniagnisivauuuliingd
(Subcritical Flow) hagurnvieasaazliau (Submerged) Tszauih
aunsautsgoseanlidu 2 Ussin Ae Ussiamusn seduvinerings
nisedumNEnIng# (Critical Depth) foufisUanevio fagud 4 (a)
nsbnaszidunuvaniazaislual@ding® (Subcritical Flow) nase
Awg1vie Sndsziamuila fagudl 4 (b) szﬁuﬁmﬁwagjﬁmfmsﬁu
anudningd Tnssvduagidei assaeve uavagiinindands
srfimudnveniuhfuaudningiined

gﬂﬁmLﬁuwﬁmumﬂuamaaﬁw H1UY10a9ALUUNTAIVANTEAU
hmseen (Outlet Control) [5] ﬁ'ﬁgﬂﬁ 5

ﬁw%’umiﬁwmmﬂ'wquﬁzﬁ‘uﬁgw (Headwater depth) [5] i
Uinmadvesieaeafisuiusedussdiuinye lunsdivesnisauau

sedutimieeen (Outlet Control) fauandluannisi (7)
HW, =h, +H-Ls @

ATEAUANANINGA (critical depth) dMsuvioasaLUUNANLAY
yoaeALUUEIMa o @1un5amuiale Aduansluaunisi (8) uay

aun1s9 (9) muanau

CQlS
h, = NG €3)
:
h = CQ ©
B

A1ALEIYRITERURINAI LI ve oAl iB Ui USERY

= |y o S ° Yo
sstiunvieAuyinen (Barrel loss) anusamuinlanauansluaunis
(10)

K,n2L\ (V2

H=(@1+ ke + R® )- 5

(10)

mwm%amﬂwaiuviaaam A5 uvivaALUUNALLAZ VIDAALUU

Aty aunsacuInle Awansluannisi (10) wazaunisi (11)

ANUAIU
V = -2(2.9.DS)log ( k j+ 251y (10)
37D/ | D(29.DS)
v=LRroge (11)
n

i HW, Ao A1A210g9TEA UL (Headwater depth) 7 U1n
M wewisaeafisuiuseiussaiunvieasn Tunsdivesnisaiunu
sviumaeen (Headwater depth of outlet control) Tunieiuns

he Ao Apudnnsluaings (critical depth) Tumieiuns (m.)

C Ao Aasiidmdunisduaseiuauannsivaings deian
Wiy 0.562 wag 0.319 d1MSUV0a0ALUUNANLATYDABAKUY
Awmdoy muddy

H fio AnugwessEAuANhi Mt weisasafiuifuse i
sstiUinvieduvinerh (Barrel loss) Tumieiuns (m.)

h, o ANgIUesTEAURhMhiivInieseaduThet L isuiy
swiusstivnvieaenduineth (Barrel loss) Tumiagiuns (m.) ddn
Wiy (he + D)/2

L fis anmenavionsn Tuniiewnas (m.)

Ls fie mugesenineAseaussiiiinvieasaniadifesedussal
Unvieasevnsesn lumiiewns (m.)

B e Aunewewieaenwuuaasy Tumiewas (m.)

S

K. s AAsd daAnvaiu 0.5 - 0.7

K, Ao A1Asil SiAvindy 19.63 dusussuumiasanna uazdlen
Wiy 1.00 dusussuumhedangy

n A @hﬁuﬂizﬁwémﬂmjmz (Manning roughness coefficient)

R A9 Seflvamans (Hydraulic radius) veawtindaduvensn Tu
MBI (M.)

V e mnusinsivaluvieass Tumhemnsaeiui (m/s)

g fe AmuLs ail esannuselduaaevedlan (Gravitational
acceleration) fA1L9NAU 9.81 m/s? dmSUTTUURUITENG

k fie AnduUszAvEnnugusEYes Colebrook-White Sy
0.60 mm

v e anunilnaadussii (Kinematic viscosity) A1y

0.00000113 s/m?
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Outlet Submerged

7 Water Surface
W 7 Water Surface
| TW=h,
HW = Headwater (a) Culvert Flowing Full, Submerged Outlet —

TW = Tailwater

Outlet Unsubmerged

\ """" I}J"

g3 Water Surface
w
e

7 Water Surface

HW I

(b) Culvert Flowing Full, Unsubmerged Outlet

gﬂﬁ 3 nuslvawuuiudiavie (Full Pipe Flow) (5]

utlet Unsubmerged
Water Surface .~ O\l e
HW - H
Subcritical Flow, === ==m=ee—___ | V Water Surface
N A SR
HW = Headwater (a) Culvert Flowing Full, for Part of Length ‘Critical Depth
TW = Tailwater
Outlet Unsubmerged

Water Surface
HW| o TSe—a 1_ _____________

Suberitical Flow ™ =~ ========mee o __

[}
Critical Depth

H
7 Water Surface

™

(b) Culvert not Flowing Full

gﬂﬁ 4 nslvawuuiilaiivie (Partly Full Flow) [5]

Ls

SECTION @ L ly
O

BOX  PIPE

SECTION @

HW = Headwater
TW = Tailwater

3UR 5 gUdndundsnunisiva dmsunisivavesindnvieneauuunis

muAun9een (Outlet Control) [1]

2.2 n5auuLIAnluNITANY)

MeiaulUsLANTIRTIzinseonLuUTioaonauy Tulud
manans aduuwamainyssansamnssyuiesuauy wily
Ygyvnhmanluwanis JuneunsAnyliuiusiig duseud 1 59U

o & Ao ¥ LA o
FIVVBYANNNYNTNUYBINUNIUUN Turunanamalsiusyau

a wa

Yoymaeivhduanndy viseluiiunfiiauviug1ein Yszneumie

AsAvYLUilel I dvaaanwarA1TEA VLTINS EAUTINE1N
M1990nY18a8A T8YATEAUAINNFIVBIHINUL TEAUAINGINUIN

mMadvewionsn s¥AuAINEEIAIUINTID ULAZLUUIATHIUNTUNNG
e Toyansliuseloniniu toyadnuasdnaquay uazdoya

ANNAIATUTDINUNTUUN Tumouil 2 AIuA18RIINISTIagIan
wioldeanuuu ns@nwilidenld35 Rational method Foyadild

¥

UsznaumedoyalAsminuduiiug IDF-curve luiuiifinw  Tuneun
3 yMsidenIBAuITENINee HW/D (CHART) &aldainnisenuna

Nl waz HW/D (EQUATION) tdannnnsldaunisii (6) funasn

A1 nUWINIsUSUiBuAn (Calibration) wazdudunisusuiisuan
(Validation) #8738 R? RMSE wag NSE Tunaugaving tHanaa1nnis
Tdaun15 HW/D (EQUATION) daa1antd 8y W luwmunlusunsy

Aaswiniseanuuuvieasanuy Ingldlusunsu MS Excel Asguil 6

} ,,,,,,,,,,,,,,,,,,,,,, P

WATER LEVEL, INLET-OUTLET

*  ROAD, CULVERT LEVEL
*  LAND USE LAND COVER ON SITE
*  SLOPEOF BASIN

THE RATIONAL METHOD, DATA
*  IDFCURVE
¢ ROAD, CULVERT LEVEL

*  CULVERT BARREL SLOPE
* COEFFICIENT OF RUNOFF

*  MANNING'SNVALUES

-+ e

* LAND USELAND COVER ON MAFEINS

STANDARD : HYDRAULIC DESIGN OF * SIDEOFBOX AND FIFE CULVERTS

HIGHWAY CULVERTS
NO l

_____ l HW/D (CHART) VS HW/D (EQUATION) l Calibration 1 Validation }

YES
Y

| DEVELOPMENT OF CULVERT HYDRAULIC DESIGN PROGRAM

i+ STANDARD CHART OF FHWA-HIF
*  STANDARD EQUATION OF FHWA-HIF

3UN 6 Tureumsfnwinisimulsunsiiinsginisesniuuvieaennuy

COLLECT DATA
,,,,,,,,,,,,,,,,,,,, TRY CULVERT SIZED

INCREASE SIZE ANDVOR. NUMBER.
OF CULVERT CELLS; REFEAT
DESIGN STEFS

CHECK FOR' [ carcurate

MALLER D, | QUTLET VELOCITY

COMSIDER OFTIONS: SCOUR
FROTECTION ENERGY DISSIPATOR|
IF CHANGE OF CULVERT SIZE,

-
HW HEADWATER FOR. INLET CONTROL REPEAT DESIGK STEFS

HW, HEADWATER. FOR. QUTLET CONTROL YES|

ADOPT DESIGN AND
RECORD CALCULATION

SUR 7 wiudsnmsimunlusunsaidinsgiiniseanuuuieasanuy [5)
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1

FumeunsFuralaonisldlusunsaussuiisuiunsamen
UIM351U97N Hydraulic Design of Highway Culverts (Third Edition),
FHWA-HIF-12-026 HDS5, 2012 [1] n1sAuIuvieasn ¢ o3ldnis
Fredanswiidudeuielilinadws ieanaugein nisfau
Taunsunisiinsginiseaniuuvieasnnuy elfifumnsgiu

sufunsldnsnuagnsldaunis dsgun 7

2.3 WuiiAn®Y)

nsdsafiuiidnywasdenailld vinisideniuidnulun
ANUTURATBUYBINTUNNNAN VUDUUNNNAWVNNLAY 223 @18
ANAUAT — BLABUILN WA 48Q 436846.216 E, 1877213.418 N
Hreinunading fe Snesinmuy fagui 8 nsasiufidnee Faguil
9 wazdayalAinuduius IDF-curve (T a.a. 1986 19 1998 ) s¥ia

anil 50013 e.\iled 2.anauAs [6] AsgUT 10

L=30.00m

! i i ! _~ Culvert Location

| I g

Lo (.

Lo (e

I A +151.322
: A - — v [LF151.322m
i :

IL+151.340 m.

|
|
4-LANE Highway

FUN 8 RUNANYOULNIIMAWMINGIAY 223 A18ANAUAT-BNNDUIN

g‘ﬂﬁ 9 ﬁwsmmﬂaum ﬁuﬁﬁnmauumwmwmma‘u 223
AUANAUAT-OUNDUILA WA 48Q 436846.216 E, 1877213.418 N

IDF CURVE SAKON NAKHON STA.50013 (1986-1998)

—e—5vy MO0
—4—10Y HH
25Y HH
s
=8 =50Y [TT]
&S
- [
£ 10 S
~~
£
E
>
Fo
‘@
=4
U
o
=
®
€
‘o 10 =
o« -
»
1
0.1 1 10 100

Time (hr.)

U 10 Tsudaiug IDF-curve (T A 1986 Fa 1998)

Wa@anll 50013 .l 2.@nauns [6]

3. wanmsAnwnazaAUsIeNa

3.1 ArgnsInslnagegailioenuuy (Peak Discharge)

PNTURBUNITANBINTHAUTUTUNSNILATILHNISODARUUYIE
9 a ° S R ) awv o '
[BRIZINNP] WQE‘U‘V} 6 NAINNTITEIAITIINUN FNBENUYBAIANARN ATLAUI

99voannauY UTLAVYIoasn Tu1n 91U A1SZAUTIAILIALLENY 9

P
o

wardnwazdsUnaquay n1slduselevdiiau Tuusnuiuisuin

Yundnsiemadnsnsivageaaiildeenuuu lneldnadail

a ° o 9 v
715199 4 Han1sAInsnsINsivageaaildesnuuy

Watershed Area 5,020,454 m?

Return period, T 50 years

Coefficient of Runoff, C, erage 0.25

Time of Concentration, Tc 60.98 minutes

Slope 0.0133
Rainfall Intensity, | 85 mm/hr.
Peak Discharge, Qg 29.53 m%/s

3.2 Han15UsuLTguAT (Calibration) 591979 HW/D (CHART)
uag HW/D (EQUATION)

FusunmsiaunlusinsunIsilATzRLayeenluuvioasnauu
Fouhnsusuiiouseninedn HW/D (CHART) &sldannniseuna
9110379 wag HW/D (EQUATION) fildannnastdaunis (6)
M Faaeilunsinaeeniuuvieasaauy dualdnng

81uUNa1Nn5 W FederariliiianisaaaAd suLan@1931Nnng
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1

Munaiiliaiiuiugt nsusuifisuan (Calibration) wieldusziliu
nmsanduladenldis Ae An1sTAsIEvianneelBudy (Linear
Regression) [7] Arduuszans lun1sdndula (Coefficient of
Determination, R2) nunefsdnduiifaulsdass X a1u1snosune
nswdsuudas vesiuusn Y 16 Tay R2 asdidnegseming 0-1 &
A R2 Wilnd 1 wanein X awnsasSutenswasunase Y Idunn
161 R2 lnd 0 uanein X aunsaesuienmsdiouulases v 1¢
Yoo feaunisi (12) n1sUsziuainunainind ou (Root Mean
Square Error, RMSE) wansAnALAaARAURAsL Uit M
Wlng 0 wanen X awsaesuienisiUasundases Y Idun &
aunsf (13) wavnsUsediuanuuidugn (Nash-Sutcliffe Efficiency,
NSE) wanarauusiudndadIouiisuiuaadsvesdoyasie M
1nd 1 funn Srd1unnnnIvsewindy 0.5 ﬁmwmmmmﬁiauqq 619
aun137 (14) wavniswuanamumuiy R? RMSE waz NSE wandlu

(5]’15’15‘171 5
LY = Y)(X=X)]
[Z0Y =) [Z(X-X)T”

o)
I

=

)

33.6 16 3.965 4.200 4.436 4.700 4.664 5.200
378 18 4.801 5.200 5.399 5.600 5.683 6.300
42 20 5.735 6.300 6.476 7.000 6.821 7.900

N15AIVANTEAUUIMIALTT (Inlet Control) vieaeakuUALMEEY (Box
Culvert) Size 2.10 m. x 2.10 m. 318734 1 999119115 Wa ANNAIR
Fuveawioasn WU 0.0133 A1uIMIAT HW/D fi8nsinisinani

5 fu lonanisusutfisuan (Calibration) #7835 R2 RMSE waz NSE

wanalums1ei 7 wagnsiuansnan1susuiisua (Calibration) #i9

A
SUn 12
9
D (m) Q
- 4,00 Ts[xlﬂ,l'npu metre span)
. i Example Hw
F350 |, B ||y [#60 200x080mBox Q=80m3s D
1 F® 4 m @ @
' == Y5 . -9 -
L300 Lap g 40m Y5 perm § F2 [l

Height of Box

RMSE = (13)
L 2
2(Y-X) —
NSE = 1- :—1—_2 (14) ) l :§:§§ N\ 04 Log
E(Y _Y) Low p—— 3 igg: R Los o3|,
i R? RMSE wag NSE 4. Gy . .
mm:" 5 NIkUanINY SE udz NS i U 11 A1 HW/D (CHART) &aldannniserumaannnsiw dmsu
avan n vunan m Vioaeauuudmasy (Box Culvert) Size 2.10 m. x 2.10 m.
R? 0.80<R?<1.00 0.60<R?<0.80 R?2< 0.6
RMSE 0.00<RMSE<0.50 | 0.05<RMSE<0.70 | RMSE>0.70 AT 7 mannsuSuifieusn (Calibration) #2838 R? RMSE uay NSE
NSE 0.75<NSE<1.00 | 0.50<NSE<0.75 NSE<0.50 Inlet Type R? RMSE NSE
Inlet Type [1] 0.9947 0.2742 0.9739
mam:mmmaﬂium guA1 (Calibration) izl‘m 19A1 HW/D inlet Type (2] 0.9961 0.2350 0.0853
(CHART) 9 sleannn1501unaanns v AeguN 11 wag HW/D Intet Type [3] 0.9965 0.4326 0.9554

(EQUATION) wanslumsned 6 dmsunisivavesikiuvieasnuy

A1519% 6 WARLINSEWINIAN HW/D (CHART) uag HW/D (EQUATION)

Inlet Type [1] HWi/D Inlet Type [2] HWi/D Inlet Type [3] HWi/D
Q(m?s) Q/(N*B)

Equation Chart Equation Chart Equation Chart
0 0 0 0 0 0 0 0
21 1 0.832 0.340 0.823 0.370 0.844 0.390
4.2 2 0.868 0.550 0.866 0610 0.889 0.630
8.4 a 1.016 0.870 1.036 0.960 1.069 0.980
12.6 6 1.262 1.200 1319 1.300 1.369 1.320
16.8 8 1.606 1.610 1716 1.720 1.788 1.800
21 10 2.048 2.050 2.226 2.230 2327 2.400
252 12 2589 2.590 2.849 2.850 2986 3.100
294 14 3.228 3.250 3.586 3.600 3.765 4.100

WRE-07-7



NGCE3(

- Fudl 28-30 woEn1AY 2568 2.UsTAWATTUS

N15UsEYNIVINTIANTTUTESWNIYIR ATIN 30

¥
¥ o

The 30t National Convention on Civil Engineering

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

1

Box Culvert (Inlet Control) Size 2.10 m. x 2.10 m.

—A—Inlet Type [1]  —O—Inlet Type [2] - Inlet Type [3]
8.00

7.00 /

6.00 )ﬁ/’
| Zl

5.00

4.00

HWi/D (Chart )

3.00 L

2.00

1.00

0.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
HWi/D (Equation)

31]171 12 msuSuiisuan (calibration) s¥%Ing
HW/D (CHART) way HW/D (EQUATION)

3.3 wan15dudunisusuigua (Validation) 59379 HW/D
(CHART) wag HW/D (EQUATION)

HaRInA1SUSULTiEuen (calibration) 7ileg dlianunsausyidule
Vuimnzaumsoly deufierldisaunis (EQUATION) wisluimun
TUSUASHATIATIERLAE DDNLUUYIDARAUY J9dasvinnsEuduns

USuiisuen (Validation) dusunislnavesiiiuvieasnuuunis
AuAusEdUTmadh (et Control) Tnsidenldviensauuudvaen
(Box Culvert) Size 2.40 m. x 2.40 m. $7W7U 1 F8a19N5IUa A
antuvesvieasn Wity 0.0133 fMuraia HW/D fisasinisiva
A9 9 fu lanan1susuLiiuan (Calibration) 2835 R?2 RMSE way
NSE uanslun1s1eii 8 uwaznsuanamansuiuiisusn (Calibration)

o

ag’dﬁ 13

A1519% 8 wansUSULTiBUAN (Calibration) $1838 R2 RMSE uag NSE

Inlet Type R? RMSE NSE
Inlet Type [1] 0.9873 0.2330 0.9603
Inlet Type [2] 0.9913 0.1819 0.9813
Inlet Type [3] 0.9916 0.2780 0.9608

Box Culvert (Inlet Control) Size 2.40 m. x 2.40 m.

—a—lnlet Type [1]  =O=Inlet Type [2]  —TJ=Inlet Type [3]

6.00

5.00 /j

3.00

HWI/D (Chart )

200

1.00

0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00
HWi/D (Equation)

3UN 13 n1sBudunisuSuiiieuen (Validation), se1ing

HW/D (CHART) wag HW/D (EQUATION)

3.4 wan s lUsunsuN SR TIE ez eenUUUYIDaena
A1TRALIlUSWASUNITIIAT T kA RNl UUYIDanauulag |y
Tusunsu MS Excel ad1anisduimmuduneu daguil 6 1iloli
awnsarwnlaegragndssuazuiugt Fel438nsAualaelyd
#UN15HNUA1TEUAIIANTIN ALRNnTTeRALUUlEITANTE1UAN
HW/D ey lusuramen HW Ao mmqwaqszﬁuﬁnﬁw‘ﬁ'mﬂ
mad1vesieasn suiusedussduine fuandusud 14 1Dy
A79819N15AWIE Box Culvert (Inlet Control) Size 2.10 m. x 2.10 m.
$1u 2 deamanisiva Wuiegaiildannsasdsasluiudiase
AUUNINANNUBLEY 223 N 48Q 436846.216 E, 1877213.418 N
ANHANAUAT-SHABLILN IBVINIIATIVABUAIILAILITANTTZUNY
1 iileldmsieaeuvioasnauuauisariinissrurunldegad

UsanSan Wswnsuddausailuldesnuuurieasnauuluiiui

g 9 1o
ey
Outlet Control Calculate for Box Culver
Reference Calculation Output
[ e ——
3 Flow, Q - 29.53 il
1.2 Cubvert length, L = 30.000 m.
13 inlet RL = 151752 m
4 Outlet RL = RELREFY
15 Acceptable upstream flood level R.L = 155100 m
46 Desirable road pavement level. RL = 155.20 m.
4.7 Minimum height of pavement abave head water = 0.300m
1.8 Estimated downstream tadwater level R L. = 152.382 g
4.9 Cuhvert barrel slope, S = 114 mim
9110 Maximurm headwater height, HWinge, is the lesser of
) road pavement - height of pavement - Iniat: RL = 244m
) upstream flood fevel - Inlet- R L = i m
Therefore, maximum HWoy, = A0 m HW e m
zﬂssw- required waterway flow area by assuming Saw velocity, V[ 6.800 Vs
22 Estimated flow area. A = OV = Cm
23 try Wide, B = 2100 m
e BE
BD = 00
Number of Channel Box, N = 2
- 120 md
Wetted Penmeter, P = m
Hydeaulc radius of the ful culvert barret, R = AP = m
Velocity, V - 4 mis
24 Enter Design
Number of Channel Box, N -
ane =
Inlet Type [1] Hw/D, Wingwall Flare 30° - 75* =
Hw, = HW, <As.0K MW
Infet Type [2) /D, Wingwall Flare 90° (Headwall) -
Hw, = HW, <As OK HWrp
nlst Typs [3] Hw/D, Wingwall Flare 0° (Paraliel) =
Hw, - HW, < As OK HWirge

31 Tailwater, Tw = downstream tadwater level - Outlet: R L
32 Enter Design Chart Crtical Depth in Rectangular Section
Wide, B
anN
Ciitcal depth, hc
(hc+Dy2
33 Calculate headwter for outlet control (HW,)
Aven, A
anN
Mannng roughness coeficient, n
K

Tw<AsOK 2100 m.D

m
m
ms
71 m 13 <ASOK 2100 m, D
7m 1.907 > As.OK 1050 m, Tw
m
s

0.012
3 0.500

H, Barmal loss - 0" or 90° Bevelled Edge

Fall of cubvert invert, Ls= Inlet RL - Outlet RL

HW, = (hceDy2 + H-Ls

1420 m
2250 m
nlet Control
Inket Type [2] HW, - nlet Control 3471 /m HW, < A5.0K HWoae
HW, - Outlet Control £ 2250 m
Therefore, Inlet control govems.

Hydravc radius of the &l cubrert barel, R = AP
Equivalert D=4 xR
S=Lsl
Flow degth, y

Relative Discharge. Velocity and Hydraubc Radius in Pan-ull Box Cubert Flow
From Colebrook-White's Chart for k = 0 6mm
w

o0
0.014 ¢ 1400 %
0m

:

o
Chart Because the cubert doss ot flow ull # is necessary to use
the partll fow relationships plotted in Design Chart
a/f

3

18.A8 ViVE
18.A8 yD
V= (Vv x f
¥= D) xD

PR
=2EES

m 063 <ASOK 1713 m, he

Use concrete box cubert with square edges
‘Wide, B 2.100 /m

D
Gulvert wilflow with inlet control with a headwater height

Outiet valocity 6.374 mis

Road pavement 155296
2z Unit:m

o ii
—yoootnzozios W 151582

151.332 Outlet Level. 8 2100 N
H

HWmax 150923 ¢

HWE Lan
Headwall 153852 -« cconeeans
Inlet Level. 151752
Ls 0420

30.000

FUT 14 Wsunsumslaseiiageoniuuvionennuy
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1

v
o a

INFUN 15 wanermAudnvesseauinfngnsnsivasiig o du

Culvert performance curve with roadway overtopping

O Hii (M)
....... Top-Culvert

6.00 — Foadway

Head Water Depth, HW (m)

0.000 5.000 10.000 15.000 20.000 25.000 30.000
Discharge, Q (m%/s)

sU#i 13 anudnaesseauinensnisivans q fu d1msu Box Culvert

L]

(Inlet Control) Size 2.10 m. x 2.10 m. 31U 2 Yasnensiva

4. unasy

A1TRAMNIlUTUNTUAITIATIELazeRnL UL oaannuulne Y
TUsUATY MS Excel Lﬁﬂﬁﬂﬁminﬁﬁmmﬁ@ﬂ'mgnéfmu,asLLaiush
R1saMIveeanuniNauLLaznsUasunUainslduselevd
finulagsou nsenwdidunsihauenisesnuuuvieasnauy Wy
Freeafildannmsasdrsrsluiuiiess auunamatsmneay 223
ANUANAUAT-OILNBUILN NiNA 48Q 436846.216 E, 1877213.418 N
FuwamUiinuivingsan §2838 Rational Formula 1#8na1n1s
Tnagaaawinfy 29.53 m¥/s fiarunisiing 50 T vufiufi futh
5,020,454 m?2 WUIIAINISEBNLUUYIEAAaUY Box Culvert (Inlet
Control) Tduwagesdaniely n313 2.10 m. g4 2.10 m. AIINET
¥o 30 m. $1uIU 2 ua? (Wewnenslve) aunsassuneiile neld
ﬁaui‘u Inlet Control Box Culvert, Wingwall Flare90° Inlet Type 2
dnnstvaniniu 14.765 m?/s szé’fvﬁwmwﬁwqaqﬂaeﬁ +154.932
msl. sefuvAaiuftnuL ogfi +155.296 msl. sefutnneeangsan
9gjfl +153.582 msl. fimusanislvalusiewinty 6.374 m/s eth
HaN13ANNALUATIEBUUITEANEAINANNNINTFIUNITOONLUUNSH
MMana293uAUNIE AN 3TN wud WA esiudaeis
R? RMSE wagNSE d1suuszian Inlet Type [2] YA 0.9961,
0.2350 4a20.9853 Mud1dU nan1TITeuanslfiuinlusunsud
Walund uanunsafuiauuaLarsuIuyesvioaenauuldegis
wlug lngradnsdAuaonAa oIi ULINSFIUNTUNINEG UaY
aansaUiulgsUssansamnmsszniesildmdeieuieutunis
oonuuudn dwsunsdluuiidnui mndddasnisivaiigan
N1990NWUY i 9911911A15UE BULUAIENINEINA %301

Waguulasmslenay asauswuglviudemenisiva

v o

wamiﬁﬂmﬁ"ﬁmuuamnﬁﬁwmgam%’umaﬂ%’uﬂq&miaaﬂLLUU
vioneaauulimnzanivaniunisalmsudsundadlusnan Tag
lmgimsnsnisivasiis q fu vdensdiiddannisiaiigenin
N10DNLUY UATTITANKANTZNUIINUYILUAZNISIUE BuLTas

anmndeluituiidnuiedisddusioly
AnAnssuUszna

VOUDUAR NTUVVAN NIENTNANUIAY Wn1Inendeinalulad
F1usRaday Ienananauns awdmnssules) wave1anss A
nsadvayuteyaludiueing 9 uazn1sliidelanauwueseninens
fiunu Welinsvaulusunsunisinssinsesnuuuyieasn

ouy luiiuinimais fansiwiiaziniuauysal
v a
L@NEH19I919D4
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