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Fig. 1. B, calculation method [7 ]
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Class Description Uniaxial Compressive
Strength(MN/ m?)
A Very high strength Over 200
B High strength 100 - 200
C Medium strength 50 - 100
D Low strength 25 - 50
E Very low strength Less than 25

Table 1. Classification of rock material in dams [10]

Lsuoﬁji;w Che 03 4> C,D,E Gk atwd (D ol s

2,8 o 3 s

.]a.wj.'i.n ‘J,NL;:LO J.‘I.aj.)‘ a\i‘;w.) -Y-Y

30 Lg\aﬁjﬁ..u cﬂ._a.a S J:.aj:\ 6‘-“,@“)] (:l;u'\ LS\;.’
53 A eslitad awgze elde U5 el olKius cantlas



\YaA dl.w/f. a)w/vbéj};o)jb

oo Ol jos owdige Sm s — oode ale

s bl G SO 5oL gl a3l el L
[14] Ko Sl e Sl anels 5l
olis Caslie (S0le mllas g5 o Sl sed di ()
ok &yl (V) Jgdr 5 &S5 U jasiin Odae o él.m

sl

o (6,13 i gad S (g Li Canslie Y J g

Sampling uniaxial compressive
location strength(MPa)
Dry Saturate
Spillway 1 23.5 16.5
Spillway 2 45.5 39.2
Spillway 3 804 68.7
Spillway 4 26.3 241
Riprap A 12.6 8.2
Riprap D 15.5 12.9

Table 2. Uniaxial compressive strength of sampled rocks
T P U T L I
Soz sbede Ul OpmacaS VTE s Jeall) s
3 e Joee las Al L) (V) Jsd= 3 aS[10] Los
SR M) el Jsar B 5D oy s S s Y ppm
s bl Bl sy Alas Olge 4 S
Sl S SOl silesl L3 bl Hlas romes
Joe las 5 S35 U3 e s S g5 S
Js Hlas RO PN PPN o
23S e B bl gl K gy s 3 Y P
ol Ol gla foe Sl e Cole @ aml e b e

(8 JS2) A plowil Lt le3T plonil (512 (5515 245 503

C‘L,a,ajl Sl aisalat JSJ:

7 ISRM
8 Dacite
9 Andesite

S @B LU e Shlss 0o pate Dose 5o Gl
N PO PN P W I P S VPR S |
osled 31kl plas (Giasn ol 4 bge gba il
Loahb ey S Flas Jhle fmnd ol 4 Ol £EA
Wl 05 plonil [12] kil ) nile 31 oslizud

sy 3 ezl 5 30 s -0-Y

4 ey ol Sde gl s Hllae Ol Gl
YO (s Ol )3 g e A anrl o g e oS L
ol SAS ) 5 OSE Ol 0l (08 s e skS
Sl e 8 CLL')\ el 0 C;b‘f'@‘.’ Sl s,y Cows
ww,\{g;»ud}f);}‘,uno‘\@cudyjﬁ
[13]

&uﬂ plxl 1 40 =Y

oslesT sl FHlas Szl -y
Copde CS,0 4 anxrl e b5l se mllae Sl 6l
cole db= 3 glade Sledbl cils 5 ol ol e
3y b bl plowil Slp (1 pised Ol oS 508
G Sl i Ol 5 o 5 e 5 3L azls
sode Sole @ oanrl e b 5 s Ol g A
5 s w8h ple s ep S gladsal il
g5V Jols S ladisad e Ol e izen
613t ges La2alas plnil sl e blE I llas
035 Sisled ol (5 obs paised LK (7)) IS 55 s

RGO IS W4

Caolin Cyaans (51 0 (5 1 gas S ¥ K

i N e

ig. 3. Rock sahples for resistance determination



atﬁ“é&jgu})u)%&}

4.4)3;Waﬁjﬁdétm@l)bw“&.\i;w&\ij)\

RD = —1@uin Y4,y

[Yd)min_ (Ya)max

()

55 oialesl (gl el antle (gladgoi i anuils ldie

RGN P A QL\I..: (Y‘) J_}J@-

Blas ol oslinal S o gasis 035 ¥ Jgdr

i K;
Material va( g/m3)
Dacite 1585
Andesite 1855

Table 3. dry density of materials used in tests
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Dry 6.95 3.51
Wet 6.45 417

Table 5. B, factor of material after specimen compaction
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Day Vertical stress(kPa)
Dacite Andesite
1 320 375
2 640 750
3 960 1125
4 1280 1500
5 1600 1875
6 1920 2250
7 2240 2625

Table 4. Vertical stress on specimens
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Fig. 8. Deformation of material for saturation test
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Specimen B

condition Dacite : Andesite
Dry 10.05 5.05
Wet 10.15 6.15

Saturate 11.02 6.28

Table 0. B, factor after oedometer tests
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Material B,
Dacite 24.55
Andesite 16.51

Table. 7. B, factor after Los Angeles tests

b & ga5 S8 ok 5 Canni —Y-F
55 Lged 5 ockel Sy JSKG am el (V) S s
Sl ekl 5 canls Alae s @ IISL Ol ke
g Lo sdd ol Julad b e s S Ll d
5 Sl S s 5l i b e Wsed el JSS
5 e il Cel O e a5 il sdias OLES
OB skien

NEPURN(D

Jods 55 a8 550 0 Db s el

Cosb e s Sis bl gl IS s v KS

8 ® — - Dry test - Andesite
.7 4 — ® — Wettest-Andesite _
= ——a- = Dry test - Dacite r
€ 6 1 —e- - Wettest -Dacite "L
~ g
= - ~
g4 4 - e
2 Rl
£ 31 . -8 v
o e A
2 2 1 e U A
5] —

0

1 3 4
Time (day)

Fig. 7. Deformation for dry and wet tests



YA dL..«/f. A)Lo.i/v.hé)'j}e)}i

oo Ol jos owdige Sm s — oode ale

ol s N e ol b 5w el wlsl O
V.S\J;@&,:,;uu@wdﬂsmp&m
SalS S cnSE b pl by st e B 5
a0 633 b O gy a3l las sl Js b o
a4 e D3 S g 5 e S
BRFI RPN ARGV R | e ol Gl Oy 5 3lk
S e 53 0 52 ol Laalls L S
Sl p’\] S5 e Al pad OLET 4sed 55 0 PRATY
Sl Bl osle Ol O s (Ws @ i sad (ST
53 oy ceSs il el 550 Ll cl s b e
St S 4 S b e S gl 3T s

Pt
55 (a5 dlesl 5 (13850 b ibesl plmil Lol 5 (gl
(sb e Jal ) T 03530 b costl 5 s s
Al el S bl s cd DS S el
el Bl Cad S ladiges js s Flae sl
Lils a bl plomil Lol 3 (gl s cusls
slaps 5> o sl Gl LlE A ool
o DB bl 5 sl bl I el b
N P P V5 EPRTCIUR SRR S ¥ F ECH BT SCIR -
osb ey S sl gl 5o eyl éLm Sl ol
bl el Ll 55 D3 e bl e
Sdize 53 5 Sl ol Wl bl il 4 cod
Glatiped & o (oS SRl DS S 8 B2
Flae Sosme SO LS Luaslis 4 a5 Lol b e
Jodor 3 oS pladl 5 St Il 53 ol 5 ol
S 3 pas oLl 4SS pl 4 Ol e el sl 11 (Y) 6yle
S5l 5 Sl Plas Coslin Jials Cel ous sl
ol oy e el Cle e a4 g 553 e

Al
Sl Al ) 5 sl slaghbsl @l anlie b
3ped Ll a5 pl @ Ol b e 5 S5 Ll 2
IS csd eedalie (O 510 sl IS5 55 &8 shiles
5 el slize K0S LS bS] plowil 51y 3

Aay Jy des 48,855 sl lel bl 5l e 3

3Y

S 0533 2 53 IS8 i 5 Conis Y-F

s sl BLE1 IS ks i e e sl
ool 5 Jol sl Gl JKS i 5l 5ed (s ASL 55
Flas osbe s Six il gl @ SL s
Wl o a3l ke (4) S s s

w\:gjbf}&bﬁbﬂjj)ﬁﬁ‘)ﬁﬂﬁﬁdﬂ

! o -0 -0 T -0 T
€081 o
§06 j © - 1-Wet @ 4-wet
S 1-Dry
§04 7-Dry
< ' 3
&
002

0

10 20
Time (hour)

Fig. 9. Deformation of Dacite material at different hours
each day

Sy oled Gl asd o edalie IS0 55 o5 shiles
adyl cele an ps K0 o0 e o iy edd jasiia
ey K20 ke Sl 8 1 ey 5 a5l e Gl
O i e el Sl s 5 b e Uil 3l 6y
Wil 35 a5l llae S5 5 i b i & S0op

el s s 15,

&W wyp -0
S ol ) Cilse Ll s Old Sl anlie ol

355 o oalizad ol 0ls &L (V 5710 Y) lad st s
Flae 8 Conls Hllas jo Wil cxle Lils ol
Sals Sl S Slie Of il 3l L el g5 cias
el sl las &8 Syl Hlas gl Js b e
Glp aS Lbe Rl Sl e lade ol il b
Blas & 550 5Ll eSS pl 4 Ol5 e L, Sl
Cel oS oS Oly,y osle Olge 4 Ol [yl 3 Conls
CS o oh Sl )y 5ol e Sl J2alS

@3l e 3 als Of Gl s 4 e 5 S s



AQ“&JQL&)L})W

)A;Wbﬂﬁwé@@b)@&&a.&v\ﬂ}w&li))‘

oA 3 S e gl sbe T Sk al e
plmil OF il s & Jsl 5y oo JSE i s
Sl el 53 51 3B s il ol s cds 55,8
opmia By lags, 53 boats oS ol Ol 5
slacais Aoy A JITe seu> 5 cl Ol Jele s
by ot iy 5 T SR a by DB Sl

el Ol ole 4
Wiy depe e ol Sl glacald v b
3 Sl sl €l Q) JSE s #S (Celu¥E) (IS
P RNCTRNIVS I RISt B P PV L g P
S sl S8 i S Sl SIS I A e s gla S
e 5 NS 1 b Bl e B! adyl el aw s
Jolo 51 30 a8l e OBl s Slolu 3 & s S
U UK i s Az (S50, b IS8 i 5 0l
5 Sl S ISk Ao ps A JIVE ssas 6 1SL
SSPS s SKS as s Ol S 26 b S s
o ol ey e e IS s Ao Y JIY

.)j.n.ﬂ

S 5 domi -1

BERGE LRGP U VP ICIUL-S I SUIP VR S T B
G ol @l Sl el wtls y Cins slaoy S
2 3ed o Lol 3350 0e 4 OIS

il S5l aw sl Hlas 3 S oy — )
S S slaei S s el s &S lasly S (1)
03,50 S (V) .l Olyd e wlad glag o 51 a0
Sk b e b J s 5 S s 4 aS s
55 65 lyd 3l (F) sl e BLE1 25 ol i 3l s
Sl YU L ek 3)ly glais b cias sl
b wsed Ctle A e s O cllSa l byl e
25 Sl s 5 cnl bl s &S gl Sanss )
5 SuSS 3 AU el lesl (5L al

40

Coale O il J‘:b 4 u,,bvj J‘JJ ui.ll.oj fl?”.\ 3
03 S 4S8 WLy as Sy S O IR J%L‘)T

Sassl Gialesl Sl e oy IKs N Ks

Fig. 10. Material after Oedometer test

JEUUES{ A VS [ I B CO-I R R T

Fig. 11. Material after Los Angeles test

Gl ol Ol5 e sl gloal, S Olss 4 s
S Lyl i
(Bg)Los Angles = (2-5~3-2)(Bg)03d0meter )
sk e Ll s
(Bg)Los Angles = (2-4‘~2-6)(Bg)0edometer &)
ol G‘)‘ (V) JQL DL 45 LQMJA.: U:HJS ) Sl d‘f
Of il 3l ok ol b Sldlas 3 45 6 S0kes ool
S 34 Jn.ll.aﬂ Sladses 3 (gt s Cel
O3 s sy W w hais S el s b Ko
DL LAL}S.J/ j::.x.':' L;J &va‘ cu.m d)‘v\g)l-’ J?-‘)ﬂ DL
uT Jjﬁ.a.a- E) Q‘)J CSs °"“'.'."\'.'. J..JJ “ u_,bf &UJT
o il Ol 55 e 4SSl o b les BB o b
éLa.a a3 u:“'iL")T ‘5\,@&@)?_'«5 BE uT (& 4S5 gal
a5 el e doyn Ve JIE0 0 o3kl 5 s
RC OV TC G Y STGIN G VIS VR | - LR U Jgeeet
US55 6 Ol el il s st S 5 W IS Lot

oA S d O Bl s el sl esls il (A)



\YaA JL..«/f. A)La.i/v.hé_}j)e)}é

[8] Xiao, Y., Liu, H., Zhang, W., Liu, H., Yin, F., &
Wang, Y., 2016. Testing and modeling of rockfill
materials: A review. Journal of Rock Mechanics and
Geotechnical Engineering, 8(3), 415-422.

[9] Kanji, M.A., 2014. Critical issues in soft rocks.
Journal of Rock Mechanics and Geotechnical
Engineering, 6(3), pp.186-195.

[10] ICOLD, 2008. Weak Rocks and shales in Dams-
Bulletin134.

[11] Komak Panah, A., Aghamajidi, M., 2010,
The creep of rockfill materials in large scale
oedometer with the aspect of particle breakage and Los
Angeles test, Civil Engineering Journal of Modares,
vol. 10, No. 1, pp. 103-114.(In Persian)

[12] ASTM C535, 2003 ,Standard Test Method for
Resistance to Degradation of Large-Size Coarse
Aggregate by Abrasion and Impact in the Los Angeles
Machine.

[13] Absaran Consulting Engineers,2010.
Storage Dam Studies, Qazvin Regional
Authority. (In Persian)

[14] ISRM, 2000. Suggested Methods for Determining
the Uniaxial Compressive Strength and Deformability
of Rock Materials.

[15] Honkanandavar, N.P, Sharma, K.G., 2014. Effect
of particle breakage on stress-strain-volume change
bahaviour of alluvial rockfill material. Proceeding of
Indian Geotechnical Conference.

[16] Marachi, N. D., 1969. Strength and Deformation.
Characteristics of Rockfill Materials. Report No. TE-
69-5 to State of California Department of Water
Resources.

[17] Lowe, 1964. Shear strength of coarse
embankment dam materials. Proc. 8" International
Congress on Large Dams, 3, 745-761.

[18] ASTM D4254, 2016. Standard test methods
for minimum index density and unit weight of soils
and calculation relative density.

[19] ASTM D4253, 2016, standard test methods for
maximum index density and unit weight of soils using
a vibratory table.

[20] Gupta, A., 2005. Effect of particle size and
confining pressure on breakage and strength
parameters of rockfill materials. Electronic Journal of
Geotechnical Engineering, vol.14.

[21] Gupta, A. K., 2009. Effect of particle size and

confining pressure on breakage and strength
parameters of rockfill materials. Electronic Journal of
Geotechnical Engineering, 14(Bund. H), 1-12.

Nohob
Water

41

oo Ol jos owdige Sm s — oode ale

S5l aw lls jessl gl malesl 55 Of sy — X
Soaly S s e Sl &S SaS Ol (V) el
5L SRalS lasly (Sasls 5 S OS o a4 S
Wl ol sdalie ale pl Couls pllae (oS5 e
e Glp & (S5 oo o O s (5550 ol (1)
Sl ey ol 213 (528 Sl e 8 1S Jilss
CaeSs 5 i S35 a0 5L oS5 Oy sl Bl e
(") bl e Bt eyl Flas 55 8 cal iy )3
el pllas By S Sl Lpam Flas Saie s
o Col of DA wlal 5,8 e 3 5 G cos
S beases G SE o 5 s dlae S
d‘:g_uj S0 Cawls 5 ool éhﬁﬁ)bé.&lﬂ& sl 58!

A edaline

52 el Bl K ks O MSLL e s s = Y

J&:ﬁ:ﬁawéw‘ a.,\‘:})b)l{)'l JLL: @jl&bb
b ol L o sl e IS S 0 p e el
S s 58 35 0les sl L oS el Ol Jole

References &l =Y

[1] 1COLD, 1993. Rock material for Rockfill Dams-
Review and Recomendation-Bulletin 92.

[2] Vitenberg, m & Melnik, V, 1982. Influence of soft
rock-fill material as dam embankment. Journal of Rock
Mechanics and Geotechnical Engineering.

[3] Brown, a.J., 1989. Discussion: Use of soft rockfill
at Evretou Dam, Cyprus. Géotechnique, 39(3),
pp.563-564.

[4] Xing, H.-F. et al., 2006. Construction of Concrete-
Faced Rockfill Dams with Weak Rocks. Journal of
Geotechnical and Geoenvironmental Engineering,
132(6), pp.778-785.

[5] FU Jun, Z.X., 2008. Engineering Properties of
Soft Rock Materials Used in Concrete Face Dams.
Journal of Yangtze river scientific research institue, 4.

[6] zZhang, B.Y., Zhang, J.H. & Sun, G.L., 2012 .
Particle breakage of argillaceous siltstone subjected to
stresses and weathering. Engineering Geology, 137-
138, pp.21-28.

[7]1 Marsal, R., 1967. Large scale testing of rockfill
material. Journal of the soil mechanics and foundation
division, 93, pp.27-43.



Modares Civil Engineering Journal (M.C.E.J) Vol.19, No.4, Oct. 2019

Settlement and Particle Breakage of Weak Rockfill Materials in
Medium Scale Oedometer

Ali. Komak Panah', Hamidreza. Rahmani?

1-Associate Professor, faculty of civil and environmental engineering, Tarbiat Modares University, Tehran, Iran
2-Phd candidate, faculty of civil and environmental engineering, Tarbiat Modares University, Tehran, Iran

a-panah@modares.ac.ir

Abstract

Rockfill materials are used in construction projects such as dam construction, road construction and so on.
Due to the increasing use of these materials, experiments and studies have also been carried out on this
material and usually, these studies have been carried out on strong rockfill materials. Today, the use of soft
and weak rockfill materials has expanded because the economic and environmental issues. These marginal
materials traditionally would not be used owing to their unfavorable engineering properties that is, low
strength, high compressibility, and proneness to material degradation with time. Therefore, the use of soft
rocks excavated on site as rockfill materials for high rockfill dams is still a controversial issue, as weathering
takes place when the rock is exposed to an environment in which variations in air, temperature, and water
content are involved. and still no comprehensive studies have been conducted on soft rockfill materials and
need more information on the behavior of these materials in different conditions. One of the most important
subject discussed in the rockfill materials is the particle breakage phenomena. Particle breakage index that
quantifies the degree of particle breakage, can reflect the degree of particle crushing of material. To select
weak rockfill materials, we visited the Nohob dam that is under construction and rockfill material in
spillway excavation section is thrown away and it is not used in the construction of the dam.  With
considering that the dimensions of the usable rockfill material may be much larger than the dimensions of
the laboratory equipment. Therefore, it is always a matter of scaling and matching the results of the
laboratory and the field from the important items of rockfill materials. In this research, the behavior of weak
rockfill materials has been studied in medium scale oedometer apparatus, in dry, wet and saturate conditions
and also Los Angeles experiment is done. Based on the present study, the particle breakage increases with
the addition of water and in saturate conditions, particle breakage also has a slight increase compared to wet
conditions and for settlements and deformations of wet and dry specimens of materials show that wet
specimens settlements are more than dry specimens.

key words: Particle Breakage, Weak Rockfill Material, Medium Scale Oedometer
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