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Analysis of Mineralogical Composition and Texture to Quantify
the Mechanical Properties of Red Bed Soft Rock

—A Case Study of Leipi Rock at World Heritage Site,
Mt. Langshan in Hunan Province
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Abstract; This study focuses on the mineralogical composition and texture of red-bed soft rock. On the
basis of the statistical analysis of the red-bed soft rock characteristics, such as the composition, grain size
observed under polarized light microscope, the effects of composition and texture on the mechanical prop-
erties were discussed respectively. The study on rock samples has shown that; (I the compressive
strength and modulus of elasticity show a rising trend with the increase of mineralogy content and grain
size; (2) as average grain size increases, its compressive strength and modulus of elasticity become stron-
ger accordingly. When the average grain size reaches a numerical range ( diameter is about 0. 25 mm) ,
the compressive strength and modulus of elasticity would bump up at the same time, according to which

we can speculate that mineralogical composition has a bigger effect on the mechanical properties than the
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grain size.

Key words: red bed soft rock; Danxia landform; mineralogical composition; mechanical properties;

quantitative analysis

PYER R X AL 2 AL 5 O e S22 — ol B
g, Hoatk—oh Mmwba . B KIRBUA L,
W R R AR 2L P S A ORI RN, R S
MU AL RR K R S 272, 4 N B
PHEMASI ISR T A EZE R HHELL
JEHCAEXPFEE S L E R, Rl S
56 2 R 59k o A FLUURR AR AE A A PR RRAE ()
SRR S AR . KR, LBRE),, o
ETESBIMEZ A E M S E R R . 15 IRHEA
O R R R FILR A S P E R A T
I OC AR, FEX F [ 2R R 4L 2 e 35 i F 5 ofF 41
JEXRIy ML A2 Koa R, el IR s .
HERW CPHREMIET 20 TUAE SN,
MRS e R — B R L2 b, A TAL2
AP ST [S] RBL, FEPHAEH A L Xk
FAIED PP, A Y BT A R
AIAEWRAE A RDER 2 IR T LR L B ZR
Fe, &2 ERALIE TR AR E BT
HF" s SCHR [6 -7 ] ARSI 0= B0 P A1
FL 2 A & R AR LR A TR LR, A BT 4
AV S PRI C R A% Lk
WFFE R AR |, $8 L2 R b RS BCE
K2, EANTRERAEMIRE, R RIBZ R T, M
SEGOAERY, PR AT RSB LA AP BE R
B, MO A AR SO SR JRAE S S ST
PR LI R 7 212 B 2 i
OIMT, UG — RN KRLLIR A B BT SR
CERIY 3RO ATE 3 P S ST Rt
JE T PR A DA R PR R AR X L2 IR R E TR
WA E AT ST, g X R T, R
O ol A A S T BRI Ba
F o3& R RACS L, BiEs SRR B R AT
BLE R P . Ao i S AR T 7
LEEIIHT, A LR PCE R IR I ST &) 52
SR A AR E MR BRI 25 IE

MESRIRFFCIRBLE , X T FHE S P 402
Beak)Z, #HE BRI FHY B T2k
JRZIBIR AR, XS R LS S 2Pl

6] 3¢ R B WFTET AR s H H AT TEA 15 B
TER A W or « a0 5 A P RS A T iR
LUEP S T R S & B s o VA S 2 4
PR AN AR TIRATT, L EaR At
FEPR EATE T RETE R BT . ST, A
DATHFE B SR8t i 1 — AR B A iR s
B, JE I SIS B IE A G, WIS
TR A LD Z B R AL R Y S5
DUBUHIEE T AT, B IURURHIE 5 A1k
JRZIBIRE KRR, fRLLZ2Hoa iR AEX i
E SR E VR, R — T B
A1 13 5 BRI S A — B ] 225 (0 SRk i

[ SVb R

WE OO TWIR - PSR R - AT
AN (B L), s A ARy dLEs 26° 16
50.7", % 110°43'56"E, #EH N 524 m, B H;
HAMGE, T 2009 4F 11 7 2 HERAA R,
JRERIRZEMN T2 48 200 m* (2, 3) o HREH
ARRZNAERERA (K FH—ERI6
FRZERE . W0Rs, R iRidbes S i wRie i
BibdE . RAOBE. xEMEAMELREREL of
BBV, B EIRERA, AR, IR
SUTEMZ (R LA 0 5 A RE D
Wy, WA AT, HOOr A Ay 2% -
25% ") R ATE R Tk 30% L

PEIG W00 L B 5, BY A1 USRS A1 W R AT 8
U, R BB IRHREE R — R s
Jefz, JRIEAMAE0.3 ~ 1.5 m Zu], PHYJREZ
31 m, HRERIE A L)1~ 3 em B YU D
o AN 181°, fHiff 10 ~12°, B AR
MR AT R 2800 M I A 3 B8R B A 0 S Y ]
— R I)Z . A IR RS RGN T A
—RINAELER IR, W1 ~3 m A% A
IR T2 TR O IR, 22558, KT
— e FOIATF T BRI nl AR KA &
TKMIACZfE xatk (F4).



439 Wi AR LR BCE IR YIRS SRR X H Ty 2 VRO R R RS 141

5P B
- HFRX

2 W
* | WEAAE
® E
o TR
A i

BT SR AL E R B IR

Fig. 1  Location of study area
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Fig. 2 Comparison of before and after the collapse of Leipi Rock
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Fig. 3  The distribution of landslide



142 HlREE2ER (BSREERR)

5 54 &

K4 GKITRBEAB SR (a) MESAILIRA RS RILE ERZPCARZE (b)

Fig. 4 Water flowing into the rock (a) and Soft interlaid rock layer on the bottom of north Leipi Rock’s stone peak (b)
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Fig. 5 North Leipi Rock’s stone peak and lithologic section of sampling sites
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Table 1  The test results of uniaxial compressive strength

\ FEEAR W BUEUEER  BERERAT  PRMNPURIREE SRMEAR

aHE asnak Zhim RS ;
mm mm kN MPa GPa
A KHE 49.36  81.65 1912.19 46.63 24.37 6.12
B KAA i 49.26  96.52 1904.45 62.13 32.59 5.28
C SR A ] + 49.30  91.21 1907.94 68.36 35.74 11.01
D KA Z Jie 49.25  96.56 1904.07 78.03 40.96 10.90
E KHE Vi 49.35  95.89 1909.87 56.41 29.53 8.90
F SRS 49.15 92.77 1896.35 39.84 21.01 6.87

Bl 6 A ARERLS - B4R (a) W22 — ]G & fh 2K 18T (b)

Fig. 6 The uniaxial stress-axial strain and the axial strain-time curve of rock samples
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Table 2 Statistics of the mineralogical compositions of rock samples %
e LR g
s i K7 L Al i it
A 35 29 20 3 8 5
B 42 36 10 1 9 2
C 55 27 2 6 3
D 52 38 3 3 2 2
E 45 32 10 3 5 5
F 40 27 13 7 7 6
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Fig. 7 Photos of hand specimen and thin sections under polarized light microscope
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Fig. 8 The relationship between mineral composition and the mechanical properties of rock
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Table 3 Statistics of the grain diameter of red bed soft rock

R Ewb M b i b biik iz A D
A d/mm 2~1 1~0.5 0.5~0.25 0.25~0.1250.125~0.062 5 0.062 5 ~0.0312 5 0. 031 25 ~0. 015 63
PE(-12d) -1~0 0~1 1.00~2.00 2.00~3.00 3.00 ~4.00 4.00 ~5.00 5.00 ~6.00
LUTP IR 1 13 53 71 48 10 4
A B/ % 0.5 6.5 26.5 35.5 24 5 2
E S B 0.5 7 33.5 69 93 98 100
YIRS 8 25 36 59 48 23 1
B B2/ % 4 12.5 18 29.5 24 11.5 0.5
BiE % 4 16.5 34.5 64 88 99.5 100
LR R 4 50 63 44 30 9 0
C R/ % 2 25 31.5 22 15 4.5 0
BiE % 2 27 58.5 80. 5 95.5 100 100
Uk EL 9 20 63 54 31 19 4
D B/ % 4.5 10 31.5 27 15.5 9.5 2
B % 4.5 14.5 46 73 88.5 98 100
BRI EL 0 5 22 77 49 37 10
E KR/ %o 0 2.5 11 38.5 24.5 18.5 5
B % 0 2.5 13.5 52 76.5 95 100
COTPTR 4 0 1 6 25 50 79 39
F KR/ %o 0 0.5 3 12.5 25 39.8 19.8
FIHR/ % 0 0.5 3.5 16 41 80. 5 100
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Fig. 9  Frequency distribution, frequency curve and cumulative frequency curve of grain diameter
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Table 4  Statistics of the grain size parameters of red bed soft rock

KESHCERM S RN @ S oNL M, M, o SK; K,
A -1 5.718 1.976 1. 966 1. 180 0. 027 0. 980
B -0.683 5.158 1.950 2.035 1.439 -0.079 0.918
C -0.77 4.673 1.361 1.253 1.290 0.158 0. 882
D -2.000 5.397 1.772 1.674 1.425 0. 100 1.019
E 0. 444 5.958 2.614 2.503 1.242 0.110 0. 963
F 0.321 5.99 3.610 3.69 1.161 -0.137 0.955
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Fig. 10 Relation ship between the grain diameter and the mechanical properties of rock

K 10(a) B8R A G R SR, 1y
RiAe @ 15 EREDT R 98 BEATAE—E IIAH S, B
D ELYIZ W Ik /1N , B0 1 5 B2 1 BB T e, )
SEFRBR N 0.559 3,4 BAF A E . it mT A
W, ZHIREL IR A AR BURLF- 2R A2 Y R/ xot Hedit
558 88 PO 32 W 2 28 ), T PR AR RO (T B
12 @ (HBUN ), PR s . 52X 1, 18 10
(b) AR 5P HhiAe @ (I C R AIHA
W, HHE R AR AU 0159 2, B Z A BEAR AR
P

FOURL ) S-S5 R X P 3 2 PR S B R i
JE, — B B0 B AN, MR 25 75—
MR RARR, DI Z BRI R . M2 7k 4S
UL, SRR 5 L R AH S A2 I A B o8 2 1l
AR PR 5 ) 2 PR B EOE S & T4

P RO DU 2 5 b e o B Y B A LT
I, Bt B WO AU I Z IRl 20 AR, B AL &R
PO A AESELENG DL N A7 AE AU, Wl A A T
Be BT AT e 5 20 Hr, i 78 1 P 2
(A BB N TE SR 2R

XA E (10 () , (b)) ByiE— 2285,
TERUR B R 2% PR IC B X B A R RS 5, TR s
R BRAE /N B R B O I At i (15 10
(¢),(d)), & BUF-EPRAR 5 5T ok B | SRR i Y
KFHA N L FRHE

D) B @ (ERFRAR, Irase ik A 1 B E r
e, UL BPRLAR 3 A 2 BT e s B A K,
PR AR, XA AL a#E FOE D _E3REL
(S WL

2) 4 @ (HFARE—E L, P o B 5 AL



439

Wi AR LR BCE IR YIRS SRR X H Ty 2 VRO R R RS 149

TR E R A A A BRSSP kAR @ =2.0(d =
0. 25 mm) 4bJ2 S A1 3 2 Pk B A AR BRAZ 171 A
10(c), (d))o

GRTTEI T, I 3 R A 1) T 2 AT A
Ho— W B R AR B i R B A A B I
WIS W5 A, JUHE A R, DT A
8 I 1k 20% , 9 6 A ke R . AT SCE A
1o, 5 A I R AT AR 2 R M 55 21 )2 B 19 )
SRR, BOEIF TS 212 e e B URL P SR A 3
PO L SRR AR MR, A S RERYP- 2R AR
@ =1.976(d =0.28mm) , F# [t E F 5k )30k
PR ABFAE I 73 7 i A1 B R A7 A X )
AT R A28 3 A B ) RURE P KR AR o
Hei 2 LG B SRR/, SRR R L F A AR/, R
AEBRAE o IZBRE B GIR R, LR o BURL - 2
REARNS H g Ak B ) B2 i 2N T4 S 2 ox H T 2
PEFREIRZR o = S AL R HCE T P 4 1
FRHIE SRR OB KA S A7 UL 18] ) 45 1 PR
ZERTNSE ATt T8 B IR B L0 2 HOA I A A
S BAE KB , S B R AR 5 )2
AV ES PR ROR, PREH BE T i ARt L R

4 745 .

i 5 A A )2, BT T R ILPHELLR
A IR W TV B A e LAl bt — 28 3 A 2 TR
LLZHCE 1A B 2R N R A2 HCs
Py AUy P RPRLAR 45 F R ik 55 5 20 2 1k
JRZ B ARG AR, A R 24508

1) BINPHRLZHCA Je = i s oy
RDRLAR SR RS HE g 2 P ™ AR — E B2,
PRSI B BEVEY o (A 9 KA 45 ) & i
A3 IR 35 A (Y 1 O, H 2 A 2 4
T3 5, PP GER JE  SRA EAE S 2 2 R Y
Ko

2) HP-EPRARE R (5 @ {HA) 2] —%E I
CRBARMEZ TN d =0.25 mm) , 2541 )
SR R A — ] A Y R IH N s 5 1 5
PERCER BT T R R HBRAE W] HE 5t AN R 458
B PHER ZLJR B e 2 B TR 2 S o3 X T 2k
JEA S M 2 R T OB - AR AR S P o 52
M o

SE Lk

(1] 24, REA . KTLIZR oA A 20 28 2R
LI AR 2A R B AR BHA R, 2003,42(5) - 109 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

113.
whe . v E g U7 MR X AT )2 AR BORE DG [R) R R
[J]. #3HF5Y,2011,30(10) ;1739 - 1752.
W T, B0 P E AR R RRLLZ AT ] R B
il AARBHEAR, 1978(1) 56 - 73.
W T, B0 P E AR R BRI (ZE) [T].
VARG 274l : SRR, 1978 (2) 40 — 54.
WRE, BRDDG. HOR PR AR D). PEdR iR
AR FARBR AR, 1989 (4) 168 - T1.
XA BEEREL. ) ARLLZ A A S P AR (T ],
[ A ,1991,10(3) 16 - 22.
KUM= JARBILL)Z A B LRI [T ]
1994,13(4) :395 -403.
A BREL AR PHELLOBUZ R O RRAE Y 3K
BFIE[)]. HhIEAL,2014,34(4) 1454 - 463.
R, A BRPHAS , 55, WL a P bR & & 4R
RORPE SR ] HHFRE,2009,29(2) :229
-237.
RREAZAS , Rk, 3248, 55, WLy e P F s A e A % H
ZSALA )], HBAEH,2009,64(3) :349 - 356.
AR, AT A WHLTLER ISR R B /Y
G RA LT ] MRk ,2009,64 (1) <21 -32.
WRik R, 529 26 ) ARPFRE LR ORISR AR 2
PERIPURSEIR T[T ). ZRUBTE R 24 AR B
#H%,2010,33(2) 170 - 174.
ZHU C, PENG H, OUYANG J, et al. Rock resistance
and the development of horizontal grooves on Danxia
slopes[ J]. Geomorphology,2010,123(1) ;84 —96.
RBHAN AR, 324, 4. 1R B LA AR R iiR
RS e SRR T[T ], HBERRLA PR ,2011,26
(9) :965 -970.
M HO, A EE, RSOk RIRTE LS MR & &
AELT]. I Be v 4 - #L 2 B2 i, 1997 (03)
65 -71.
A& R, EOGH. Bl EE # 50 XURE B 43 BT 5 EAN
[J]. Z&¥rHhE,1996,16 (35 T1) :4 -20.
A, ke PURRE B S0k M ). e
I Rk R, 2006 :39 - 70.
fi&se. Aa AR M. Jeat Ak ol
Jz#t 2001 :59 - 60.
VIR, R, AR M. B [R5 R
ML, 2006 ;24 - 25.
P=IKRYL R. Some microstructural aspects of strength
variation in rocks[ J]. International Journal of Rock Me-
chanics and Mining Sciences,2001,38(5) :671 - 682.
KRUMBEIN W C. Size frequency distributions of sedi-
ments [ J]. Journal of Sedimentary Research, 1934, 4
(2).65-1717.



