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1. Introduction

The following highest CFRDs (around 200m) were built in the:
last decade(several are still under construction) :

«Campos Novos (Brazil, 202m) -+ Nan Ngum 2 ( Laos, 182 m)
 Barra Grande ( Brazil, 185m)  Hongjiadu (China, 182 m)

e Shuibuya (China, 233m) « Sogamoso(Colombia, 190m, U.C.)
« Bakun (Malaysia, 205)  La Yesca (Mexico, 208, U.C.)
 Karahnjukar (Iceland, 196 m) - Jiangpinghe (China, 221m, U.C.)

* El Cajon (Mexico, 188m) ( U.C. -Under construction)

All listed CFRDs are excellent examples of safety dams on
operation phase and progressed construction methods .

DESIGN CRITERIA AND CONSTRUCTION FOR VERY HIGH
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2. Face Slab (main) current design trends

From . cracking and spalling phenomenon recorded: between: 2003 - 2006,
the following design and construction concepts were applied , so far:

0 soft joint filling (wood, or EPDM or GB materials) inserted
along vertical joints _>seeking to high horizontal compression

at center slabs during impounding

O Split 15 m (standard) wide slabs in 7.5 m wide to minimizing
“compression stresses” and bending efforts along vertical joints

O additional reinforcement (anti-spalling) to protecting against :
i) negative bending moments and tension cracking, and
ii) rebars buckling along vertical joints at center parts

O bond breaker (between slab and extruded curb) and cutting
joints along the curb concrete.

DESIGN CRITERIA AND CONSTRUCTION FOR _VERY HIGH CFRDs
—~ CONCEPTUAL TRENDS - Xu Zeping & Manoel S. Freitas
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2.(a) Face Slab (main) current design trends (cont.)

0 soft joint filling (wood, or EPDM or GB material) inserted
along vertical joints ( seeking to high horizontal compression) y
> Compression Zones - Cases

: GB cover 200
' NOTCH B. Materon, 2007 55 nm softwood filler thickness .. ,..., ., 430 b o

( o\ /p Deep V Notch were_Inserted along 6 center N oanize
_L__ ~ _ #/P';/ ‘ Lack of anti spalling joints during 1 S' Face slab stage
,\r > rebars

r Copper WS .&\\ ) ; Mortar pad inside the

p slab

g :;f;:;mmcmm No compressive filler

£ Bottem waterstop

© Continuous refrforcement for broad, flat valleys, not continuous for U- or V-shaped valleys

Figure 2 Compressive vertical
joint surface waterstop (mm)

. _ Bakun CFRD , slab center part

Figure 6-3, Typical Vertical Compression Joint

; Ref. : Tan Long, O. Bandeira, H. Kong,
P | 2008_

Soft wood (COPAL) filler

SLAB SLAB -
< Neoprene

. .
Consortium Gerencial Mazar, courtesy

Mortar pad

Type 5 joint (compression strain zone) Mazar cFRD, compression areas

DESIGN CRITERIA AND CONSTRUCTION FOR VERY ‘HIGH CFRDs -
CONCEPTUAL TRENDS - Xu Zeping & Manoel S. Freitas
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2.(b) _Face Slab (main) current design trends (Cont.) |

O Vertical joints (Flexible) in tension and shear areas at
abutments

> Tensile Zones - Cases
GB 1c:f_rtrr-:r R?m

) Metallic perforated plate GR filler &30 rubber rod

15 15 ‘
Galvanized

angle steel

_Geotextil

> Neoprene

Top cooper '
waterstop

Variable
|

. Expansion

bolt @0. 4m |

< Extruded curb — TR ‘Epoxy resin 100 235 f
1
Batt: terst
R S Face slab Face slab
*Mortar
o ) Figure 3 Tensile vertical joint
Tipe 4 join {Tension:ZomE) surface waterstop (mm}
Mazar CFRD Bakun CFRD
o ) ' Ref. : Tan Long, O. Bandeira, H. Kon
Consortium Gerencial Mazar, courtesy 200.8. 9, ©- v 9,

DESIGN CRITERIA AND CONSTRUCTION FOR VERY: HIGH CFRDs
= CONCEPTUAL TRENDS - Xu Zeping & Manoel S. Freitas
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2 (d) Face Slab (mam) current de5|gn trends (Cont )

a Spllt 15 m W|de slabs in 7 5 m_to mlnlmlzmg “compressmn

Horizontal ]
= movement joint  °
— - |

General slab thickness:
T=03+0003H

Increased slab thickness:
T=04+00018H

W o 2 2 ' d - L i
2330 :J_Q\ Stage 3 (12 .5(‘“ m) Double layer reinforcement:
 —— | TR Construction Joint T !

General reinforcement ratio
0.4 % each direction

................... ' Stimups against buckling
of reinforcemant

i - Stage 218,000 m?) Wl Increased reinforcement ratio:
. g ¥ 05 % sach direction 1

: 5 B A ' 4 ' Stephen Moll, R. Straubhaar,
;Moo ; o sl Lisbon Feb. 2011

Figure 2 Slipforming stages for the concrete face

Amanda, G; Martinez, R. Chengdu, 2009)
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2.(e) Face Slab (main) current design trends (Cont.)

J additional reinforcement, aimed at to protecting

i)anti-spalling effect at slab edges,
ii)negative bending moments and tension cracking and

iii) buckling rebars along vertical joints at center parts

Cases :
BITUMINOUS FIERE SHEET JOINT FILLER
THIGKAESS - Antispaling rebars Main reinfor ;
1hmm FROM EL. 4980 TC 5350 d . Main reinforcement
312 TIE EACH HORIZONTAL 332 WITH A0mm FROUM EL. 9280 10 BIG0 ¢ -
HOOK AWAY FROM JOINT (TYP) E S/ s
MIDDLE REINFORCEMENT- uo_) //
\ S16 (TYP.} e
N Al - 7/ 1/ - ; <, <k
?”rfﬁ \ = /s 2t i) W;
i i
| \ 1 e e
= f‘J;;]l o o <) o o © 1 o Mo o N ‘\\
i / P 50mm CLR HW Copper w. s PVC 6 mm
Ulke a & e s/ A a a - & e, L .
] '
1 e Mortarpad
2 GCOPPER WATERSTOP, TYPE C, NOTE & E . .
[ T R g e e e e Typical
MULSICH BON EA = S
3 compression joint
Karahniak CFRD Foz do Areia (1980)
ol L Ref.: Bjorn STEFANSSON, Bayardo, Materon, Chengdu 2009
J. KROYER Landsvirkjun,

Iceland

DESIGN CRITERIA AND CONSTRUCTION FOR VERY: HIGH CFRDs
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2. (f)Face Slab (main) current design trends

O bond breaker and cutting joints into the curb concrete.
( Bond breaker between slab and curb is “ a mitigation issue ” and not considered
essential , since is not supported by monitoring data and/or deep analytic analysis)

Karahnjukar CFRD . Areawithbond
Vo predaker petwecerl b
[ kerb and face slab P

oL pune 3 Face slab thickening

o by Too T > —

15000 | 15000 1500 _ 35000 35000 13000 . 15000 _Bsodd _ishag  g5000 | 15000 | 15000 15000 w5000 15000 15000 | N
ANUTICTIedased [OITTL

iller thicknest

Ko L/as
D \? IPR7

C
Ref. : Bjorn STEFANSSON, J.
KROYER Landsvirkjun, Iceland

FS Joint cover with
conveyor belt rubber
up to EI 550

SECTION /A <

SCALE A

DESIGN CRITERIA AND CONSTRUCTION FOR VERY: HIGH CFRDs
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3. Perimeter joint current Multiple defense trends :

> corrugated flexible material at steepness abutment areas
( Shuibuya, Bakun, Mazar)

> mastique or GB material or fly ash over the perimeter joint
> bottom"cooper watérstop and / or top coppéi' waterstop !

> ..ant'i spalling .r_ei.hforceme.nt .'

'DESIGN .CRITERIA AND CONSTRUCTION. FOR VERY. HIGH CFRDs —
CONCEPTUAL TRENDS - Xu Zeping & Manoel 'S. Freitas
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E l CaJ on Geotextile

1 SECTION OF PLINTH
@ AND DETAIL OF WATERSTOPS

Karahnjukar

Polyurethane

Wood v 7

JOINT AT FI:,‘C“Er ELAE[PUNTH
MNeoprene [ e

Lower copper waterstop Polivinil rand
olivinil ran

=PAECREICH, Eoituron

=

Perimeter and vertical joint ( tension zone - abutments - Bjérn STEFANSSON, J6hann
Ref. Mena » Sandoval, 2007) _ _ i | KROYER Landsvwkjun, Iceland
(B Corrugated rubber waterstap Mastie GB f .
® . / Mazar ( river bed area) e
/ - 20 "m
o= / : = 2 AL\ \“:\/Geotextil “
Piinth ; 2R~ 2 T
2100 4, / : | Frash \ X SLAB
Meoprene reinforcad iiy textile fibre | Top cooper
- - ~ waterstop
Shuibuya and Mazar (right abut.)

zar - " Plinth

Styrofoam” /

A) Corrugated joint adopted in Shuibuya (China) and B) Mazar (Ecuador). Courtesy of

* Consortium Mazar Hanagemenc i Type 1 - Perimeter joint - river bed and left bank

DESIGN 'CRITERIA AND CONSTRUCTION FOR VERY HIGH CFRDs
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4. Rockfill : Current construction and design trends

> At Zones B and C, Modulus Ev . construction (>90 Mpa) for
rockfill materials (gravel material achieves Ev > 150 Mpa)

Main current specifications for rockfill high CFRDs:

O rockfill thickness layers 'ranged ~0.50 m ( Zone B and
center part ) and ~0.80 m(max. at Zone C)

0 High energy compaction (15 - 25 ton) by heavy vibratory rollers

- 0 improving wetting facilities 300 liters /m3

DESIGN CRITERIA AND CONSTRUCTION FOR VERY HIGH CFRDs
-~ CONCEPTUAL TRENDS - Xu Zeping & Manoel S. Freitas
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5. Additional current design solutions for high CFRDs:

» During impounding, slab movements induce horizontal compression
strain and significant shear tensions at abutments . |

> 3D F E M current analysis have simulated tension zones and flexion-
compression and potential risks of failure at central part or abutments

# Additional design measures were adopted to mitigate and to avoid
risks of slab failure at central part and at tension zones :

0 delay slab construction until rockfill settlement rate ranged 4 -5
mm/month ( Bakun, Shuibuya)

O Add a border slab at steep abutments ( Mazar , right abutment)

O increase upsteam fill (zones 1A and 1B) around 50% the maximum
dam height (Bakun)

DESIGN CRITERIA AND CONSTRUCTION FOR VERY HIGH CFRDs -
CONCEPTUAL TRENDS -Xu Zeping & Manoel 'S. Freitas
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6. Design and Construction Issues for future extra high (> 250 m) CFRDs:

> EPDM or GB are excellent synthetic materials and good alternatives
as copper waterstops, in vertical joints and perimeter joint
Advantages : Easy manufacturing,
Quality control,
Easily shipping and delivery at site
and must be deeply considered to increase its application for future extra high
- CFRDs. == GB corrugate flexible ( IWHR) is a good option for tensile zones.

> Intense instrumentation and monitoring programs by expert engineers
must be carried on to support F E M analysis and new design trends

- » From international construction practice, slabs 15 m or 16 m wide must
still be used commonly, for slipping form works.
> Splitting 7.5 m wide slabs in several areas (central parts, both
' abutments) brings more material, time and costs, and must be
supported by a good F EM analysis and trust prototype monitoring data.

DESIGN CRITERIA AND CONSTRUCTION FOR VERY ‘HIGH CFRDs -
CONCEPTUAL TRENDS - Xu Zeping & Manoel S. Freitas :



SECOND INTERNATIONAL SYMPOSIUM ON ROCKFILL DAMS -
RIO DE JANEIRO ,RJ - BRAZIL, OCTOBER 27-28, 2011 ICOLD
CBDB

Thanks for your Attention
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