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Instrumentation Deformation Behaviors of Concrete Face Rockfill Dam

During Construction and First filling : Case of Khawae Noi Dam
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Abstract : Khwae Noi Dam is concrete face rockfill dam with a height 75 meter. Instrumentation behavior Dam is divided into 3 groups to
behavioral engineering of dam.l. the measure of dam behavior settlement. 2. the measure of displancement behavior of concrete face slab.3.the
measurement behavior seepage.The study found that the behavior of settlement is associated with dam construction, including time Time during .The
during construction of rockfill, the diversion during construction ,construction of concrete concrete face slab, construction of wave wall and first filling.
During the construction have maximum settlement of rockfill positions HS5 (+96.00) equal to 1.807 meters, dam construction period is complete
maximum settlement HSS5 position value equal to 1.935 meters settlement after construction of wave wall have low settlement rate and first filling found
the settlement is equal to 1.944 meter. Data from the settlement of rockfill used to analyze the constructiom modulus of rockfill estimated 3.50-27.21
MPa.Displancement behavior of concrete face slab of the instrumentation. 1.Inlicnometer the value of deflection equal to 450 mm.2.Joint meter found that
most middle river JM2 vertical movement converge and JM1,JM3 vertical abument are moving away from each other 3. Perimetric Joint Meter found that
the vertical movement. Opening, Normal to Perimetric Joint value movements from both line 3 with maximum PM2 = 4.58 mm, PMS5 = 8.14 mm and
PMB8 = 2.28 mm, the value of movement of boundaries concrete face slab that allow the maximum value less than 4 cm. The strain occurs in concrete

face slab has estimated that up to 363x10-6, normal strain of concrete must be less than 0.0033, the concrete face slab are unlikely to crack.

Keyword : Concrete Face Rockfill Dam, CFRD, Dam Instrumentation, Dam Behavior
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o ifumigs

Finished concrete face slab 14-19

a0 (HS7,8,9)

—S— Fill Heigh?

50 N ‘Comptetiomof

First
[

S Fill Heights

Filling of rockfill after Wave wall

I~ |Max. WL@ first filli 1o

Finished concrete face slab 1

e

I

MR 17 MINTAGIVBIHUANNTZAD +116.00 (HS7,8,9)
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MR 21 MINgAGVBIHUANANHUTAUANUFINTUADA

4.1.1.2 mImsizHlugdave sRunYou
A1l 9 AAUDINUON(Rockfill vertical deformation
1< 1 @ 1 1
modulus) 1uam Tugaaluszniremsead waunson 14
Tagodonguidaiddn Fitzpatrick et al (1985) [3] Ididue
Msdsznama Tugaduearuaumuaumsi 1uazudaag
Tunwii 22 Taslunsdlveatiouuaiteosaiisoimiizila
1 v
aaraaslunni 23 Tagnireusamuhviniuoumioma
uag strain UNUNITNIARIMRBUA VAW GIR LD TA1Ya
v o ¢ 1 @ . = Y I Y
ANVAUNUTIZHIN stress (11 strain Do THwThuduas g
A o A = . A 2 = Y 1
HATMINKYAK30RNMTDUTOUIZT strain 1NLTUD 1 1]
1w stress wamstszanam Tugaauosinouiounaidos
[ Y
nanslunininzg Tugdavesdunudrumiionrlian 3.50-
] v
27.21 MPa uuunui¥ouiia 5.52-21.71 MPa tagauiiei

ISP

d! [~ 1Y = g‘ 2 [ [
1f13.56-20.264 MPa G39ztiuNA o1l Tugdeagand
9 9 3’ o w [ [ a a9 [ d'
aMumethadauuaa lugaavesriuauiianiosninveu
dnvazi@ennu dwaaslua1sei 3 (8] mlugdaninsizy

v ° a o o A = A
l@tieusait sz lutyusaeaiiednyingdnssy
NINIAAAZNITIAAOUAIVD LT U TUFIITENINNS
[ 9 d' s Y oy o d‘ 1% I Y] 1 09/’
noas ezl lus NI LINTEALNUNANAIG TINNT
MIIAAOUFIVBIHUADUNI AAIANTI

EI’C :ﬂ_ldllas (1)

131 E_=Tugdavesiunuszninamsneding
Y = ANUHULUHUYDINIAHUDY
a A d' A o 4'
H=ANugauadriuaumiamieaeda (U9 19)
a Y A A o
d,= anugevesriuonldiniedliodn

O = Mmangaaa

MODULUS DURING CONSTRUCTION

M 22 Mansed lugaaserimsnoaina [3]

Ste s-Gmaln Curs of Rockill
- -
—
=
—
) - -
o e I
—
.
- e
= el —_
= —— —
e - —
s S5 ™
PR T
_ 2™
MW 23 Stress-strain relationship Yo UDNTBU
Conoduodon Medulu cof Rockdll
= o]
+ i |
S e —— ——
- - - - - B -
= —_— —— - -
~ ' o A ' A a A
HNN 24 ﬂﬂu@aﬁﬂwquiuummmmwuﬂmmau
a ' Y a Ao 9
319N 3 ﬂﬂu@aﬁmawuauwuﬂmm‘wm(Weak Rock) [8]
ﬁ‘}au iﬁﬁlﬂﬂ mm%‘uﬁmmsau ﬂ?1ﬂﬁu1!!u‘ullﬁ\3 Modulus
(%) (AWa.3) of compressibility
(MPa)
Da’ao Weathered sandstone - - 21-62
Yuitao Mudstone 6 2.28 6.5-54.8
Panshitou Shale 3 2.06 13.8-40.1
Shuibuya Shale 8.4 2
Shisanling Weathered basalt - - 16.5-52.1
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4.1.2 Crest Settlement Point (CS)

Crest Settlement Point L‘ﬂumé@ﬂﬁﬂ%ﬂ@ﬁ’mﬁ@ﬂmi
wqﬂﬁammvﬁauﬁﬂgmu Wave Wall 909 100 ta3Na1mIu
Fanua 6 duminis TenuazTuuns Stainless Steel @12 mm.
£12 20cm. Taei NS HRUUF U0 Wave Wall ATMTIAToN
19130110 © 50 mm. A0 20 em. AnvAzIAToTeRaAAlY

WA 25

NN 25 GNYULIATDAND Crest Settlement Point
Crest Settlement Point 3AN13N3AAINTZAVTUIYOU
A A Y1 Yy 4y A ymaad o o 1 o A
weaweu ldneaauasaudmse litihminnszideduvou
30 N1TATIVIAR UL UNITNAINITNBAT199LUBADINT
4 v o A 4 A 1 o 2 o
wasuulasvesszauduweudiaununnii luasausnuay
A ] A
Wel¥uven
Tug2905nU0INITATIVIANDANTIUNITNTAAIN
o Y z§ [ Qy 1 9 I :d a
MUNIRUAAUKHAIINTUGAM TN WazAVIusnlian
MINTAAITINNINNGA Y STA. 0+400 Uz11%U 0.094 11N
aquaaslunind 26 uaninsngaaada linue Design Line
[~ 1 1T W v o 1 d'd! =
(+135.000.30.) 94 UAOATINITNTAAG9 Tiina Ny 9T
oAIIMINIAGIUUTURY 025 wuAdoulagdnAainms
poNUUUAOATINMINFAAINFwdou liifu 0.5 uuAdou [1]
&£ ° Yy 1 a ' = 9 o Y a
ez 1 limanieuseluasunsaaianinauiiliing

]
v A

Msuand1 14 nazmngadaNdudous mmMny 0.094 1WAs

Tumsesnuuuaimngaddes iinuiesas 1 veannuge

[ -2

Hawiiiu 075 was(1] wdiuldhdasimsngadiuudu

A A9 ' & Il 7a [
L"Uﬂ‘l«!iJﬂTu@ﬂﬂ'ﬂil1ﬂﬂTiﬂﬂﬂllﬂﬂcﬁﬂﬂgiulﬂﬂ!“ﬂ‘ﬂﬂﬂﬂﬂﬂﬂ

CS3— o them s

135.80

— - (s3 135.70
—*— Settlement 2411.9.52
— /& 135.60
—*— Settlement 16W.9.52 CS as2 -~
[ 13550 Z
—*— Settlement 231.9.52 %
- 135.40 g
13530 2
3 i
= \CS} 13520 @
CSi 135.10
Design Line 135.00 3,510 \
__________________________________________ 435.00

134.90

STA.(KM.)

]
o A

N 26 wamsmﬂmwﬁumqﬁuﬂéu CS1-CS6
d‘ A o d‘ U \ = t%
4.2 1A593HDIANTAADUMIVIIUNUADUNINAIAYI U

Ao < . -
manaoudinazmslasugilveanuneuniania
v 1 Y Y
I 1AAALTINIEUBNNNINTL AR MV U INTIa I
v ¥ v
mMadumierussduasedaldgriudon,ussiniimin

@ a o

YoIdUToUNMITNIARINLANA AUV TdHuDNE 19 19

a

v

NAMIUANVOAUHUABUNTAMAKT VInahanTai i
RamsuafiSemamsnasudald fe USnusesdasEHIg
UAUADUNIANUUHUADUNTALAZUTIUTTHINUAUADUNTA
AUABUNTATIUGY (Plinth) ATIUTIID Permetric  Joint
inFeailofildnsrniangnssumandeudaazmsnldeugy
youruapUNIAIanTh Uszneudie 1.u1asTamsnaey
FrupuHuAUNSAInclinometer) 2. W1ATIAMIIAADUR
F21I1950800 (Joint Meter) 3. 1NATIAMTIAADUAITE WA
HHUADUNTAAIANTIINUADUNI AT IUTU(Permetric  Joint
Meter) 4.31033AMTIANARIVDIAINDUNSA (Strain  Meter)

Y
531935aMsaradIveINIanaunIaldsunInouns an1a

Wi (Non — Stress Strain Meter)
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4.2.1 A3 IANMSININIVB IR UADUNIAMAHN

(Inclinometer,IN)
MINIAAINITOYUAIVDIUNUADUNTAAIANTIUNADIN

[

AANTOITULAUABUNTAMIANTIINANINIAA UTIDIDINLTS
Y
nszi1vetil puaiwmsuasaduoy s lUdegsves
Y o A A ¥y I
WrnAALazaN N IUTINAOU AN 27 [4] naaslimiunluy
¥ v Y
FEUINMIABAT A UN Ao Az ez IAa
Y] A Yy g’ o 9 A :’ o
M3guaa tagiiie Ianuihaadunedunilethazniada
A A Y 9 :’ A % dy 1 Y a
wazimasun lmedumerin manasudiiionsnsliinans
Y
uanvesHuneuniananiiazih lignis Ivaduve i

AUTDELARN

1 o 4 o ' g 2
MWH 27 ﬂ’li‘V]iqﬂ@l’ﬂlEN!i@u CFRD wmmmaﬁ%’mmzmum [4]

. IS A A [ 1w
Inclinometer Wuwinseaens193an1s Ine@aves

v
o A

a qg/’ d’ ) = o
Concrete Face Slab AA@Ia1ua1aUeuaIuvinilisnuIu
g ) 1 (dyd @ 3 1 a A
Narua 3 @i ginsalildnvaziiluneagiiiioy
(Aluminium Tube) 819MOUAL 3 IWAT IAGANHUSVDINDILH
[ 1 4 I v o 4 $
soaunu 4 39aluuwn 90° elumaisdumsnasunved

nodalindullaunamandesmsaaaasluning 28

1} v Fa v
AN 28 FNYALIATDAND Inclinometer AANININAIAAIDU

A1n13 Tnadaveauduneuniaaanti &5 ue1ua
Fudroaudewadaounsziadmiuiniasn nams
29 5ams TnsdaveauiunounIamantng 3 urhdn
uaaagan i 20 unudaiuanuemuANNaIAB DS
ABUNTAAIANT LAz N UYBUIAAIAINITIAAD U2 1)
TITEY Tt TP EHERTE o ﬁwmﬂﬁaﬁamﬂﬁqmﬁﬂﬁuﬁ
vinamihdadniiqa IN2 GA1ms Tnadatlssua 450 uw.
#a'11%eg luveuivansniadaveaiou CFRD oue [4]
(Marques et al, 1985) Fauaaannd 30 uazilenlSsuioud
M3 lAedivedniuAoUATANIANT191ANITAIANT ol
aammuiuﬂimﬁuﬁﬂﬁ’ﬁﬁumﬁu 0.22 %.[2] WUAINT

v Y
TRedINNATLTITAWINNIAIINNMTBBALUU

TEFAETRERT FA L S M Parpaed G 10 L5 Aa f I DISPLACEMENT FACE SLAB (Perpendicular to Dam
Axis)IN 2
[ - 0.00 182533
Bl 1. P L Vi
|1 1000 i/ A w25
B =
| 1A o A o 55 f)‘ s
) BRI
F (’
£ oo i 5”
K |E*"?g Al e 2
o E 3
i r | | I | 1 o 2
| [: — F e 3/10/51 WL +87.16 g
8 L [ | | - snzsiwis08s0 | | H
. 7000 o251 WL +10026 | | M2
| - | T et vsosea
— 000 —— 1812/51 WL +109.80 | 192532
— T i tomes
. — -90.00 — -~ 24/12/51WL +110.09 [T 92533
- it s
o000 || s
00| s
s s
g3 °28 88 838838388
. Displacement (mm.)
=
el
[ ANA
11 “‘\“\. “'{‘\I

{
=
—

=
|

FELTA

(IN 3)

MNA 29 HAN13A539IAMT INeAIVeLHUABUNTA IN 1,2,3
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Lo e W o oy o T =

£ el

MWA 30 713 IPIAIVBIHUADUAS AVD U CFRD

(Marques et al, 1985) [4]

4.2.2 1NATIANFINADUAITZHI19508MD (Joint Meter)
. 5 A4 A Adq
Joint Meter 1ilunsoalonlylunisasieaeusos
HENTZHINUAUADUNTANIANTIIVDILAAZUAHIINTIUIY 3 99
[ 1]
TaoanuazvesgUnsaivzifunny Embedment Joint Meter 9%
v
Mmsaadalagiaaanumanduasuneuniausnasosne

UUIAI(Vertical Joint) YDIALAT uaad lun1wi 31

H . Y
M 31 5ﬂym$m?mﬁa Joint Meter AAAITEHINUNUADUNTA

msnaeufIveHLIADUNS ARIANTUS RIS 0aADLA
azurg (Vertical Construction Joint) W1J31 JM2 uumawén‘%
Tnmamdeududmsuimgeqn 031 uwudasiuiaussa
TunrunoUNIA ttag IM1,JM3 LUI5N Abutment Waereadnadi
mﬁmﬁauﬁmﬂﬂaaﬂmﬂﬁ’uﬁﬁwa;mfm 0.263 wu.LAL 0.056

vu.udsutaanaus s luHunouns e uaasluninn

=

v 9
32,33 UAAINANITINNATUUDIUHUADUNTA4]  14)

9y A <

' Y
nlseuieuaimsmasudnusauimi e uaa Ty
[ o 3’ AAa A [} 4 % 1 <3 4
Nuseduiioninatosdenisimasudl ag1alsnauile

o e A 0 o 4 4
WSeueuaInMsnaeuAINUIIBY CFRD 89 [4] (Marques
et al, 1985) A4MNA 34 nuegluvouANITINABUAIVDY

1 1 =1 A Gl = 1 A Q
FRUABUAUABUNTA LazIlD1TauNeUAINITIAADUAIVDY
30ADUDAUNUADUNTAAIAKIIIDINAITAIANITAI 0O NLLIL

[ :‘d £ 9 a 1 a = 1
Tuvaznuiintlusndgaazdeatian lumu 4 e [1] wondan 1

a d‘ a Y =S [ % g a A o d'
meﬂizmu'lawummﬂumuuﬂﬁmmmsmaaumm

Y
NAYUITINATDINIIAININMNTOONULUDEIFADY

Ol 2PLAZEMENT JOUHT METEFR
A I I N N |

I

—— T ——

|
E A DT
[T LA ]

MW 32 MSIAADUAIVBIAUABUNTA IM1,JM2 uag IM3

Faee slab elevation showing movement directions and stress soncs.

PN 33 5ﬂhm3mﬂﬂuiﬂﬂi%ﬁWﬂﬂQuNuﬂﬁ)uﬂWﬂﬂgﬁﬂﬂW [4]

O

" mana, =TT
Liee o wmmcason - e
}.llqu\ \-"W
L -
“\EONEEE
_r.f/)&—&umiau
Y A— T T = = =9
O Lawrn]

MW 34 ﬂﬁLﬂﬁﬁluﬁ’ﬁ]@\‘li@ﬂ@?’immuﬂBUﬂgﬁl"Uﬂ\iL"ﬁ@u CFRD

(Marques et al, 1985)

4.2.3 AsTaM3INAeUEITTH MR UABUNIAMIA
HINNUABUNIAFIUEY (Perimetric Joint Meter,PM)

UTNUTOADTLHINLHUABUNT AAIANTNNUPLinth 1A
aﬂgﬂ Perimetric Joint Meter Lﬁamaﬂaaumimﬁauﬁamm
so0t0 Tagaziimsdadaiiionsniasooso 3 firma Ao 4a
NNUT ?)fJGi’f)(Opening,Normal to Perimetric Joint) L UIVUIU
ﬁ‘US@EJGi?J(Shear,Parallel to Perimetric Joint) uazumﬁq

(Settlement,Normal to concrete face slab) 4@ aalunni 35



&

UNINGIGEQUAIIFEIN 12-14 WOBNIAY 2553

k4 v
;% M3152yuINMIIAINT TV TeFWHIMAATIN 15

° o 1
s ®
P
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Section frough parimete jont

Peskle sk et i

Opaning of jsin

Eetibement

Sraar along perimater joink
Piinth
Facs slsb

000800

MW 35 Perimetric Joint Meter HAZNANIIMTIAADUAD

MIAADUAIVDITOIADITEHINUAUADUNI AAIANTILY

Plinth WUNAIMIIAAOUAITAT08AI110 W, uaadluainn

3638 Taed PM258  uaain1siaaeudl lunun
Opening,Normal to Perimetric Joint W‘U’hﬁﬂ'mﬁlﬂﬁﬂuﬁ?
90NN 3 uudlasliA1gega PM2 = 4.58 w.
PMS5 = 8.14 3.4z PMS = 2.28 uu. Taslianuduiusfnums
Lﬁmzﬁuﬁméwﬁmw PM1,4,7 uERIMsIAA A TN
Settlement,Normal to concrete face slab wu’jwﬁﬂmﬂﬁauﬁa
Hosua PM4 umﬂmqgwﬁﬁmsmﬂﬁamﬂﬁm 1.17 wa.uag
Samuduiusfussdnidmiidon danmil 30 PM3.6.9
u,ﬁmﬂmﬂﬁauﬁﬂuum Shear,Parallel to Perimetric Joint
wuhinmsadendosTaefimigaga 0.291 w.
M3IAARUFIUTNANANE N (PM4.5.6) Fanalddn
PM4 uammsmﬁauﬁﬂuum Settlement,Normal to concrete
face slab iMIngAGIveHUABLNTA LAz PMS Iimsiaden
f99NTTNINTOIABLHUABDUNIANLPlinth
denfieufisumsinaousivessesaeiuilien CFRD
’S'w] Fauaaalunni 40 (Marques, 1985)[4] Wu10g1u
VOUIYANITIAADUAIVDIT0OADIHUABUNSA LazIilD
WS suifounnsinae UEIYDITRBA 1N YD IUHLADLATA

IS

v F4
ﬂ1ﬂﬂﬁ1ﬁlﬂﬂgﬁu%§Qﬂﬂ1ﬁ®ﬂﬂ31ﬂ1%1ﬂﬂ1§ﬂ?ﬂﬂﬁﬂf@@ﬂllﬂﬂ

k4
)

Tuaaziurinlusnezdoanan labu 4 aw.[1]
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MW 36 MIAADUA UL Opening,Normal to Perimetric Joint

O placemant Parimes o Jolnt{ZetHement Hormal o fies dabs
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0.2

—— T
06—
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Saa

MNA 37 MIAaDUA U Settlement,Normal to concrete face slab

04 place ment Perims w10 Joln +(2he ar, Faral 18] % p srime e kint
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o4 —_

0.3 N

0.2 N
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0.1
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D piac s

Oca

N 38 mimﬁauﬁmm Shear,Parallel to Perimetric Joint
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MNN 40 M3IIAABUAITOEABIYOU CFRD (Marques et al., 1985) [4]

424 masTamandsuglhaveaiuneunin
(Strain Meter,SM)

Strain Meter 1JuinSosilon1FSaman/aongilsaves
Taseerda o agﬂsshmTﬂﬂﬁﬂgmmﬁﬂﬁnmﬁawﬁwmuw'u
AeUR3ATIS LT ILA 6 9 M5AARY Strain Meter (Fu11
Rosette 45 04f uaaslun it 41 Yszneudae anunaienlu
3 firmna Ao Armadamnfunnuden famaamianny

WO Az AN 45 DIFNULUILNUADY

1} v 2
NN 41 FNYALIATANO Strain Meter LAZMIAAAT

4.2.4 masIamsn)asugievesuianounsalayu
VD WHUABUNIAAIAYIH (Non — Stress Strain Meter,NSM)
Non — Stress Strain  Meter (1115093100329 5905

1 1 4
ndsugdvesianouniauinumadoulddunrunounia

Y
AIANEY UINUIUNIHUA 6 FIUNUITANVULIFUASINY
v Y

C4 . ' 1 ~ a o d a dy
Qﬂﬂiﬂ! Strain ~ Meter LWIi]gﬂNﬂfﬂiGlﬂﬁ\iQﬂﬂimﬁliuﬂu

Meter 92H408 11 Steel Case aaalunini 42

v N 2
MNA 42 SNYALIATBIID Non-Stress Strain Meter LALAITAAA

wamigﬂ‘éﬂugﬂﬁwmaw'saﬂ'e)uﬂ%“léfﬁi?umiu
aounsamanti uaaslunnd 43 wudINSMI-6 ¥19u5nag
famanasugdveananeuniadeudiannifannaing
maasumlag ,Chemical

Temperature Change 10

Shrinkage and Expansion Ua%9vasmatlasunaasunei

Hon- St o Stain Meder Ho, 18

ASSAN;

M crotr e

Qo

M 43 msnlasunlasgilsvesanounialdukunounia

v Y '
anuaseannavulutiuaounSaNNAINNT
d' o 1 a2 ] u’/’ 1 I 1 9
WagunlaasanszNee1uReIFNAUAETINITADAT 199U
A I :/ - =3 3 a =1
v Manasuulasnnuasendia 3 Nan1e doeiins
U5uuAa191nNAT091079 Strain Meter 1182 Non-Stress Strain
[ d‘ 1 9 . I 1 d‘ a
Meter T@]ﬂﬂﬁflmu"lﬂiﬂﬂ Strain Meter Lﬂuﬂmmmmmi
wasunilasnnunieandnsna Load , Temperature
Chemical Change L1 Shrinkage and Expansion FIuAINe1u
Yy . < I A a A
1A91nNon-Stress Strain Meter tHuamnnanmslasunilas
ANUATIADIN Temperature ,Chemical Change 1161 Shrinkage
Y Y ]
and Expansion A41UNTNIITUINIAIANUATEANAAIN
Y v
1339n52MTHIEd1AIANIAS 8ANSIUIIN  Non-Stress
Strain Meter ZJTﬁﬂ’f)é)ﬂil1ﬂf‘hﬁ’f)'1u"l$fmﬂ Strain Meter ANNTN
] v 9
7 44 wunenanunssannavu luuruasunIAlA1UT LI
-6 £ a a a oy 1 a
363x10°  FamwilnAanuaSeavsanounsadeeluiny

v o Ad g ' a B} ™=
0.00333 ﬂ\iuuﬁlu"l]ﬂlg1/]Lﬂ'USUﬂHaLLWUﬂGUﬂiﬂﬂqﬂﬁu'ﬂbﬂJ
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