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Modeling of Settlement Behaviors for Concrete Face Rockfill Dam :

A Case Study of Vajiralongkorn Dam
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ABSTRACT : The study of settlement behavior of Vajiralongkorn dam based on linear elastic model, elastic-plastic model and
hyperbolic model using finite element method. The results of settlement analysis were compared with the recorded data of three
foundation settlement and six hydrostatic settlements point. Settlement results from hyperbolic model with considering the creep
effect give a good agreement with the instrument data. Maximum settlement of rockfill is found at a dam axis, upstream and
downstream slope gave a similar settlement. Except the area of plum pudding, a downstream slope settles larger than upstream part.

Since the first filling, the dam has settled for almost 20 cm.

KEYWORDS : Concrete Face Rockfill Dam, Creep Settlement, Hyperbolic Model
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@519 1 Rock Foundation Properties

Zone Description 'Y ¢ E V**
(kN/mj)* (degree)* (MPa)**
CH.370 Shale 23 45 63000 0.22-0.32
CH.450 Limestone 23 45 53000 0.25-0.32
CH.590 Limestone 23 45 53000 0.25-0.32
CH.730 Sandstone 23 45 45000 0.02-0.32
CH.890 Black Shale 23 45 63000 0.22-0.32
CH.1000 Limestone 23 45 53000 0.25-0.32

1W1: *SMEC (1984) ** Davis and Reynolds (1996)

%0 \ | I

Case histories: 1
+ Bieniawski (1978)
O Serafim & Periera (1933)
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GEOMECHANICS ROCK MASS RATING (RMR)

MWN 5 A15HIA1 Modulus of Deformation 910521 RMR (Serafim

and Pereira, 1983)
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113197 2 s lugde E, 18u19innisdny

5705 deyan1 lugddvouiou CFRD 30 130uv04 Hunter

etal. [9] M Iugad E, ldmanmssiunalaonaninmsian
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SLAEY Hydrostatic Settlement Cell
dmsunanmsmuIua lugad E, uaz E,udaaly
At 6 nazaumssaraanluni AR 198 v EnIams
Aoadisuazszninensiiuii naadluaunsi 1 uaz 2

AR

15199 2 Rockfill Properties

Zone Description Y (') E' (MPa) Vv
(kN/mS) (degree)z ®,) () )
3A Rockfill 19-23° 41 43 40-60 40-90 0.2-0.3
3B Rockfill 18-22° 40 30 30-40 20-70 0.2-0.3
2A,2B,2C Cushion 21! 41 80-100  0.2-0.3
Face Slab Concrete 24 - 2570 0.2

17: "Hunter et al. (2003) “Hsu (1984) *Gercek (2006) [10] ‘EGAT (1984)
E, calculated by Hunter et al., E, calculated from during construction and E, calculated

from Hydrostatic Settlement.
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Stage Elevation Starting Duration
Instrument Installed
Construction  (m.MSL.) Date (m/y) (months)
1 +80.00 Aug 81 5 Foundation Settlement Cell
(No. 19-21)
2 +106.00 May 82 9 Hydrostatic Settlement Cell
(No. 4-6)
3 +125.00 Sep 82 3 Hydrostatic Settlement Cell
(No. 7-9)
4 +158.00 Sep 83 12 Inclinometer (IC1-1C4)
5 +161.75 May 84 8 Crest Settlement

Elevation (+m MSL )

Distance (m)
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HUU1809 Hyperbolic Model 9¢itfigansaitAe) 1199910
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M3197 4 AuaVIAd 115N USUNeY Linear Elastic Model

¥ (KN/m’) E (MPa)
Case v

3A 3B 3A 3B

HNayn

1 22 21 90 70 0.25 Hydrostatic Settlement cell
During Construction

2 22 21 60 40 0.25
(Test Section)

3 22 21 45 30 0.25 Hunter et al. (2003)

M99 5 Auauiad s umsUSuiien Elastic Plastic Model
Y

R E (MPa) ¢ (degree)
Case  (kN/m’) \Y HIENTiR)
3A 3B 3A 3B 3A 3B
Hydrostatic
1 22 21 90 70 0.25 41 40
Settlement cell
DuringConstruction
2 22 21 60 40 0.25 41 40
(Test Section)
3 22 21 45 30 0.25 41 40 Hunter et al.

va o @

! v & 2
M3190 6 Aaauiad1miunsUsuiion Hyperbolic Model (111194

Case 1,2 1az 3 Tagl$a E 15u#11nn13910 Test Section)

Y k-modulus
Zone R n Kk R, v
(kN/m’) (kPa)
3A 22 41 300 0.4 1 0.7 0.25
3B 21 40 200 0.4 1 0.7 0.25
Foundation 23 45 450 0.4 1 0.7 0.25

f1n: SIGMA/W 2007"°
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M3A352999 1ae Hydrostatic Settlement (6% Foundation
Settlement ansaagl 183 udeRnsanmangadaluuuifa
(e9981918 87 WU Hyperbolic Model tiaaauul 191vo4ns
niafalunuanalndiReatunamsasiafanniigalunn

Y E4
n3al NIURaa19vedlsuIuNITNgAINUUTIaD

Hyperbolic NUNANITNIAAININIATOMBIANITNIAAITID

e .

1 A A [ n va o d'dg‘ @
Tugaefigeeg tiesninda lildannsainsngadinyuny
v

1781 (Creep Settlement) Y4HUAN TAULULINADING 3 LU

@

(4
higwsns1a0angAnssun1IngAAINIUAUIAT (Creep
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Foundation Verification Casel

Settlement (m)

Offset From Dam Axis (m)

M 14 nfSeuifeumsngadinszay + 80 w.snn. WelH E,

Foundation Verification Case2

Settlement (m)

Offset From Dam Axis (m)
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MNN 23 ANUFUITUT TEMIIHUIBUT WA HUIINTIANAFIVDINTY

ANAUVOUIIN Hydrostatic Settlement (HS1-HS12)

o

M3130 7 vamsAIAMINIafINTUNUN

o Settlement
Instrument e H(@m) log(t,/t)
(m/day/cycle) (m)
FS 19 0.020 0.375 30.0 0.447 -0.195
FS 20 0.021 0.375 44.0 0.447 -0.300
FS21 0.025 0.375 44.0 0.447 -0.358
HS 4 0.050 0.375 26.0 0.329 -0.355
HS5 0.065 0.375 26.0 0.329 -0.423
HS 6 0.057 0.375 26.0 0.329 -0.423
HS7 0.072 0.375 19.0 0.234 -0.233
HS 8 0.074 0.375 19.0 0.234 -0.239
HS9 0.080 0.375 19.0 0.234 -0.259
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