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Analysis of strength characteristics and microscopic mechanism of

modified disintegrated carbonaceous mudstone

TANG Jing!, DING Qi-long?
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2. School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: In order to effectively use the disintegrated carbonaceous mudstone in engineering practice,
the disintegrated carbonaceous mudstone was modified with cement and fly ash. In this paper, the
mechanical properties of the modified disintegrating carbonaceous mudstone are analyzed through the
unconfined compressive strength tests of modified disintegrated carbonaceous mudstone with cement
and fly ash combinations and different curing time, and the mechanism of modification was revealed by
X-ray diffraction and scanning electron microscopy. The results show that when the disintegrated
carbonaceous mudstone is modified with combination of 9% cement and 10% fly ash, its unconfined
compressive strength reaches the maximum on 2.39 MPa, 2.68 MPa and 2.94 MPa at 7, 14 and 28 days,
respectively. The X-ray diffraction (XRD) and scanning electron microscope (SEM) show that the pores
inside the modified disintegrated carbonaceous mudstone are filled with hydration products with the
increase of curing time, and the structure is gradually compact. The strength of modified disintegrated
carbonaceous mudstone is enhanced due to the change of its microstructure.

Key words: disintegrating carbonaceous mudstone; unconfined compressive strength; X-ray diffraction;
scanning electron microscopy
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1 EMRERELE

1.1 JBE#R

RIGIE P R TR SR N R 28 I e — R
A B K7+040 135 B, B Y EL
A, AR GEE AT . RS B T3 fd R R e

AMBRESKEN 1023%. AKTHEN 2.088
glem®. HHFRAN 24.08% IR N 32.53%.

AHIEFEAL F 1 KR i B K 2 KPR T AR )
42.5 P EEAERR Eh KR . 3,28 d ST R E 2 il
A R =5.5 MPa, R; =6.5 MPa, 3,28 d HiLIE585) i
MR, =285 MPa, R, =42.5MPa. LLEHH 343%,
w(Ca0)=64%, w(Si02)=20%, w(Al03)=6%, w(Fe,03)
=2%, LARKeRE-TRESEN 3.94%.

FIT FE K53 6 2K SRy 1T e U A 3 ) AR 7 1) — 2
REA IR, EA A ETE SiO,. ALOs FIb &
(1] CaO~ Fe03 & MgO %, HH, SiO, fil ALOs &
A EEN 79.6%. BIEIKIAHEE 11.8%. % 2
glem’s FKZE 97%. Bk 7.3%.

1.2 REHR

W TEA RIS K A 2H A XoF T fife e Jo
FHILMBRT SRR, fRYE OKYE LR E st
MAEJGYT 233—2011)) M (A LFELHLLE AR
Fa @ MR ITEITG E51—2009)), XF/KJe. ¥
WIRB RSB 4 MK, Al KEBE
N 0%(A1) 3%(A2)s 6%(A3)F1 9%(A4); HHIEK B
BN 0%B1) 5%(B2). 10%(B:)AI 15%(Bs). Z%

(TR E T 450 TRt T IS OITE(GB 50204—

2015)) KRR I FRY B 1], 38 AH SG50 2 #r
IR IR A 2H G o O T At o S e 7,14,28 d
TEAM R BT 58 P (52 o 5O TR IR ST Ve 5 i
ARIEHC L L3R 1,

F1 RKEHT AR

Table 1 Test number and ratio

.- KIEH W;’W . KIEH 13}&7)2
/% B /% /% BE/Y%
A1 B, 0 0 A3 B, 6 0
A B, 0 5 A3 B, 6 5
A1 B; 0 10 A3 B; 6 10
A, By 0 15 A3 By 6 15
A, B, 3 0 A4B 9 0
A B, 3 5 A4B, 9 5
Ay B; 3 10 A4 B; 9 10
A, By 3 15 A4 By 9 15

2 AEPLBRMAL G IR

2.1 ilEEHE
Fe iR (g TG M FE(JTG E40—2007)) i3



%1

JE#E, A BOMTUR AR BN R R AR M B ARIUALEE 5T 15

7 TR PR SRR . U ARSI 20 2 mm

FLIH, 55X AC B K TR R AR TR &, AR T 1R
BN 30s. FIIAOK, 4RELRE, BERIRMGS

KEN 14%FEY . )5, BIRAEHRE T%E
B IRSRAE, B 24 h 5, BIANKAEN 40 mm,
=4 100 mm [ EERRLE F, % =R R SR,
JEHIE R, BB, AN (Q0+£2) C. AHXHZE K
T 90% HEIRAEIR IR AT, /3Ty 7,14,28 d.
2.2 FPRIERLE

RFFE B FRPINE, & T WDW-300E 1%
ML ] F 7 7 BEAREE AL, LA 0.1 mm/min J1#HE %
BTN TR N AR RE 3
ASPATIRRE, PURRIEA ARG, ¥ 3 A PAT AT
MHARBCTIME, 15202 TR R
BRI, PR DOz A AR, A3 876
PRBUEBRAE o A4 AN [F) 8 BA R Rl R far 28 WA e K
AR 2 B, RIS, FRIREE TE I 1 EE )
o, HTIEETTR X S 4A75) (X-ray diffraction,
A KN XRD). 14 LT i 8% (scanning electron
microscope, KN SEM)iL: .
2.3 X G¥%kfiTat

TR IE A i I 6 T 00 PR Bt e 5 5 6 B B T AR
EHITES, BB S, i 0.075 mm FLIF, 53 3gF
BELPRER K. £ 60 C, HATEATHE 24 h,
1 F 2LAT Cu-K 48 S I H A D/max2200vpe X 52k
RI5 R HEAT XRD 4307, X SR HLE A 40 kV,
B 20 mA, FHIGHESE 2.00 d/min, FHIETEEI20)
N 5°~70°, iRE 45 HiE T JADE6.0 #4330 47 kb HE
24 FHEBEFEMER

k5 M N e R T e A TN, 7R TE MR
PO 9 B AR IR B B AT B R, SR EUAR K T A
#id 10 mm, EEMET 7 mm, RIEBN TR
BRI RS . N 60 CEAETHM, #4724 h
T, BAEZEER, 54, 4 H4 S-3000N
P T B ABTHET SEM W5, 75 M H 230 kV
I R 0 TAE S AR, XA S AT I R 36 1 17k
MEERI AT, K15 1000 £5 NI SEM H A,

3 Z&R511
31 RMRHEREIRS

AR AC LT 5, R HARTRI R I 34t
BEAT T PR 58 kG, B aIG 4 R LAE 2 A

1,2 s

& 2 Al A 15 Aot m e a ke 15
P i TR UERE AuBy IR, IR 7 d BEHE AR
T PR BT SR A N 297.64 kPa. kE:37P7)5, &
FEFRFEE K. 38 X PRI S 5 (R R B e A 7E 77
kR, KR, SEORFESWIZETL, 58
FETF B FERURRIKIEREKIBE TN, O T
TR IFYE S TR 5 P55 8 55 25K R P R4 o B T o B e Ko
i Ak SEAEAGHEE KT 90% 3R R 354, Hsmps
$48 580 2050 TIE ¥ T o R K B T R A i PR B R
RIS . B, [KBEFE AiBay ABiv AsBy 7E
FRP UL HIA S 28 d B SRERFRYT 14 d B,
RFE AsB3 7297 7,14,28 d To AN BR BT 5 14054 3
K, 43914 2386.94,2 678.27,2 943.42 kPa, ‘5[HF%F
PRSI R I UERE AiBy MIEL, TCON PR BT 55
RN 701.9%,953.1%F1 1258.5%, &IPS
SRS E TE

£2 AMRIERERGL R

Table 2 Results of Unconfined compressive strength test

FE MR HTE 5 2 /kPa
Gy
7d 14d 28d

A B 297.64 254.32 216.67
A B, 317.13 412.17 394.56
A B; 379.63 443.74 479.34
A By 367.58 417.91 450.52
A; By 806.43 856.46 636.68
A B, 841.24 882.08 718.49
Ay B; 863.45 1012.89 116291
A By 844.37 897.84 923.79
A3 B 2011.53 2023.82 2068.34
A3 B, 2064.67 2137.73 237126
A3 B; 2125.02 2387.75 2531..86
A3 By 202345 2 046.82 2081.14
A4 By 2225.46 237851 2 546.37
A4 B, 2307.75 2482.43 2776.18
A4B; 2386.94 2678.27 2943.42
A4By 2254.68 2396.87 2532.62
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Fig.1 The change of unconfined compressive strength with content of cement
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Fig. 2 The change of unconfined compressive strength with content of fly ash
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Fig.3 The XRD patterns of the disintegrating carbonaceous

mudstone
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Fig. 4 The XRD patterns of the A4B3 under 28-day curing
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Fig. 5 The SEM micrographs of the A1B1 and A4B3 under different curing
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