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Study on mechanical properties of earth-rock mixture for earth-rock dam slope
protection under low confining pressure and different temperatures

LI Zhuo'*, SUN Yi'”?, JIANG Xin’, JIANG Jingdong'’
(1. Dam Safety Management Department, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
2. Dam Safety Management Center of the Ministry of Water Resources, Nanjing 210029, China;
3. College of Water Conservancy and Hydropower, Hohai University, Nanjing 210098, China)

Abstract: In view of the frost-heaving damage problems such as uplift, dislocation, and collapse that are common in earth-rock dam
slope protection in cold areas, using the gravel cushion and dam fill earth-rock mixture of an earth-rock dam slope protection project in
cold areas as the research objects, this study conducted triaxial tests on the soil-rock mixture of earth-rock dam slope protection with
different temperature and rock content under low confining pressure, and analyzed effects of different confining pressure, temperature
and rock content on the mechanical properties of the soil-rock mixture. The results show that the stress-strain curves of the samples with
low stone content are strain softening type under lower confining pressure, and gradually change to strain hardening type with the
increase of confining pressure. Under normal temperature conditions, when the confining pressure is low, the volume deformation of the
sample with different stone content shows the phenomenon of contraction followed by the dilatancy, but when the confining pressure is
high, the volume deformation of the sample shows the phenomenon of contraction, and the greater the confining pressure, the greater
contraction. At different freezing temperatures, the volume deformation of soil-rock mixture shows the phenomenon of contraction
followed by the dilatancy, and the lower the test temperature, the greater the dilatancy deformation. With the increase of rock content,

the chimerism between gravels is strengthened, and the internal friction angle of the soil-rock mixture increases but the cohesion
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decreases. With the decrease in temperature, the water inside soil-rock mixtures gradually turns into ice. Under the action of ice
cementation, the internal friction angle and cohesion of soil-rock mixtures increase.

Key words: earth-rock dam; slope protection; soil-rock mixture; low confining pressure; frost heaving damage ; mechanical properties

A A I R R DR T Xy MU 3 A 4 [ A R K P K T 4 UK S T A R KA VKR R
PP RPERRRRZ WUA 4 A B URIKIERIE T SR8 AR VR R IR , BRI I FE 07 JHR SRR
BRBEIR . BIANFMT IR BEFE A 11 JREZK R, &2 b A 0P & A R BK B R 1 7 54. 5% 3 R PR T 20 jfE a7k
JE 52 B PR FE ST RE R | A KRB e A G 1 5 PR BT P45 K S22 P i g vk s g oI i A 338, 78 B TR i e
TR DX I RS A A 7 2 42100 PEUR I S F v DL/T 5129—2013 (B 2 4 300 T 3090 ) 0 52 0 ik
RS AR 4 4y 2B HiE T F b — b BRoRh 48 2 5 AR I IR A ST, PR A A g rh )z
fETEE L AIRAIR,

H AT, 2B AT A e | 25 N s AR AUL 55 T BoXt - A TR A R0 0 2% S TR R A T TSR . 1R
SR @S BRI TS T A A IR S AR B AR L 8 A R RS A
WBR Ty 2 T R DR 3 s 2R AR ST K A Ak 25 [ A TR A MR P RS 25 7K SR ORI 10, , 3 3
FHTRES , R BB 1 N A B S KR AR S5 L AR, VAR Y AT T — &8 AR AR E N
5 i T ORRR 2 AR A AU SR A B AR B s AR ST = RS TR TR AR A R
F12EPER; T AR @t AR A AT TR R R A TR R R 4 AR AT T A I 4 b 5 AR R KRR S R
R BB AR B K B B T IE A TR A URTRIK T DA EESE T K- ) 23 A e e 2 d
L PYEF SIS 5T T URES IR S5 R RO AR A VR R VR A TR A AR PY B S s BT = 2 PR T
AR A AR R A S R, A5 A KR S A A IR A AR Rl A L T R ) 2 R A SR
TG AT S AR TR) 5 7K T AN B VR 5 B FE D A TR R A T T S 4 0 R SRR, R PR B I
93 - B AR PSRN 5 A e B R/ NS R PSS RO TR AR A S 5 M) 5 s R A0S R B =0 & B9+ =Y
AT T T RS, 0T T URESEDTEAN [N RS TF A B AL A AR T A

FIRIR K Z R T & A e R M AR A R T 2 R s X TR A TR A AR VKA RN
IR TERAEF T A4 EE 7 2 R o 4/ | it HL DAEEA 9 o ) = Sl el PR BUEL A i, U R RS IR T Y
A AR A AE 1 MPa DL T R, HATREAR R RN AR A R AR R A 122 R
FEIBARBA . FERIK K EITEA Z s RAELE KIS, SR 5 UK AT 2823 IS 349 J5T b 0L 35 485 4 77 A= T i
IS R4 4 MR 4G GB/T 51394—2020( 7K TS 47 4845 ME) . GB/T 50662—2011( /K T HEH Pt vk
FRBTHLE) (SL 274—2020¢ B He 28 A i RS , B HTE vk R 7 0945 HE(E AT LUAR 8 vk 2 IR 2 e e, B
VKR FI U 0 UK R TR v (B 5 VK2 TEE 0 56 2R fie KT B 300 kPa, P52 M Fk [ 9 [X K 2 UK R JEE — A
30 ~ 106 mm , K43 7K JZE VK T8 100 ~200 kPa, 20 #8431 AT 3k 400 kPa LA b | e KEFVKIE 13451600 kPa,,
R, AR FE X A P+ AR A AR IR AR T i 1 2R X FREX A M T RAEAEEZE L, A
TR FE X K PE R UK S 3R, AR SCIF 2 T R 4 100,200,400 ,600 kPa (1) 4 A7 1R A1 =l 86 #5831
WEE & A R ARG AR T SRR S R AT T AN R BE R A A LT 8 D 1 7 1) AR OG R AR
NEAR YRR A AR T AR 5T T R AR AR )2 5 Rt B T 2 A TR AR A
FRPER) FER R, LI REIE— 204 5 98 X -4 T SR IR B SR B 5
1 AFHFRREFR
1.1 XHEHE

RIS AR 7 BB 5 A 30 AR SECRURE D Ao 32k RS - A %6 | JEAR Y BRI ST 4 AR AN
TR Ky 34.2% ,SBER K 18.7% , FATESE RN 15.5, K T %} 1.682 g/em’ , T A & K %K 18.9%
<0.075 mm 0. 075 ~ <0. 1 mm 0. 1 ~<0.25mm 0.25 ~<0.5mm 0.5 ~<1.0mm 1.0 ~2. 0 mm 1A+ ki 15
TR B N 36.9% 2.0% 24.7% 12.1% 18.3% 6.0% .

4G GB/T50123—2019¢ & T bR UE) , AR A 101 mm (4 B AE AR A TR A R i B ok A%
NIRRT RN 175, ISR ER A RSP 2 ~ 10 mm, HORAR R85 T .2 ~ <4 mm 4 ~ <6 mm .
6 ~<8mm. 8 ~10 mm 4344 5.0% 31.5% 33.5% 30. 0% , Wokikife i< 1 s, AIRARS



92 WK E el (AR RS R ) 55 52 &

AHRTE 30% ~50% IF, J 5 5 B 1 K A e oo R A v 0, IR ik 160
IYEH 10% 30% 50% VE A EAEARISAERY & A, R TE

2

B 5 R Sk S VORE, RS KRN 12.9% ~ S5 e
31, 4% | FLIEE R A0RE K30 18, 9% LA SCEI 18, 9% /. £3 40
ik e 1 2k, £E

VR A P 2 I e R 2 o o S 6 2 R 1 DR O i« DM 03 4 ¢ s 10
BT AR AR 5 H R HOR 1A IR BRLAR /N T 2 mm 19+ 1K e
(B2(a)) ; QWIS KR (18.9% ) 11, 258 A S B 48 | BRI S 7
1d, 1EHARAHK 5100 (B 2(b) ) 3 @& IR I T R0 % Fig.1  Gravel particle size
FI(E 2(e)), Fbldisus AR A RES B N 2. 0g/cm®  FRIX distribution curve

—E B A FPR R SEMORB S MR 5 RS, B2 AR 2 40 mm, (FSGE R EOR E—RE
S AR A R T E, RE FIMATT — 2 RS, it A2, B SEE AR 101 mm 7552200 mm
AR A A AE A i 5

(a) +HERIE (b) BEE () FREUIEG
m2 sl

Fig.2 Sample preparation process

1.2 AR
G R G0 R B RSl N AR R A SRIER G IR RGN, BB E BRI
100 kN, FilJ&_EFRAE A 5 MPa, 1861 e Pl ad TR NP i o A r i i s, BB DU s T =8 i s Aok
P o A SRR 1 4 HE AR, AR DR 2 R b BT I g 281 A 8808 g
R4 GB/T 51394—2020 ( 7K T. # 5 9 far 4% b #E ) | 1 RBEASHESE
GB/T 50662_2011<<7J(I§$%ﬁ% TE{?K#E&#%E?@) SL274—  Taple 1 Test conditions and sample parameters
2020( TR+ 47 HUEHIE) kR AR SR s mpme

B HT/%  FE/kPa
R 1 3 5 BB UK IR SRS OR ) A IR S 2 10 100
I LR 43 5124 100,200 400 600 kPa , 3 IR RE 9 it 16 2 20 10 200
FEl 24 100,200,400 kPa, IG5 iR 19 120 56 6 % A 100,200 i jﬁ ;2 ng
600 kPa X TR IAFE, Ky 1 B Ik B AP Bk A R AL IR 5 20 30 200
B4 AP I BOA R (=5, -10C) IRBE N (WA % 6 o
24 FEETTIAE ), DR =HIKIR R LT § b s, BRI 0 §§ -
KU AEUEA TS 2 0 5 S R R B R R WS 2 % 400
F 19 BRANEFIRGE B SGAR E R 2 h B o0 = 3 100
FELFE 0 S5 0 B0 K /IR ™ BRI ik i 2 1 X " -
WL, R B T AR R S o
FURAE T Seib A7 2 h SR SE R85 FAT =gy nikse; -1o 30 200
15 -10 30 600

ARt A i 3 T A R PR A 2 T e 2 4 T I P e
U 24 h BRI 38, Dy die O R D/ N 52 3 2 2 ), R T e e e 420 2R e T ) 2 3
o 2 ZOR IR, PR L Rl B il e A T IRLE 1 R, 46 E TR A 4 b J5 BV AT AT 2 h 945




7

] 5% REE S A FERREEAE R 2o P AR a4t 93

FEIAIZS SRR BEIEAT = Hh 0T D1 %
2 RWERSDH

2.1 REAEHERETXER

W 3 (T o, -0, RWRLTT, e, A% R AR ) il 243800 & 47 f AR 380RE A i B 3 78 5 — il i 17
AR B BRI R, X A 10% B9FE, 25 R 100 kPa B, o 17 -4k 1] o7 4% 56 5
2R N AR RS S [ s Ry 200 kPa T 400 kPa B, i 1y - J i 10 4% G 28 4ol g AR REAL AL, 5 il
30% 50% AR FEAN R B HEAE R i 07 7 Jl 1) 7 28 56 3R i 2 ' S AR AL TR g A SR ) 06 (5
S SR =SBV TR N8

03=100kPa —o—03=200 kPa ——03=400 kPa

1 000 1 000 12007

800 800 gBRk T L 800 T S SR
< £ ‘e p— £ so0p
< 600 < 600 // R e < A e b
s : g L oC8 5 g 600r » cx
400+ 1400t 7 i p o
5 g |f g 400rgs

200 | 200 ]( 200/

0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
&1/% &11% €1/%
(a) FAMEI0% (b) ZAE30% () &AEE50%
B3 EiR(20C) TARESRAERENRE - HMEMNT X RME

Fig.3 Deviatoric stress-axial strain curves of specimens with different stone contents at room temperature (20°C)
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Fig.5 Volumetric strain curves of specimens with different stone content at room temperature (20°C)
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Fig.6 Volumetric strain curves of specimens with 30 % stone content at different negative temperatures
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