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The Degradation Mechanism and Time-dependent Behavior
of Very Weak Sandstone
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Abstract

The outcrops in the northem and central regions
of Westemn Taiwan often contain very weak sandstone
which are poorly cemented. This material may degrade
when it is exposed to an umfavorable environmental
condition. ks degradation wusually results m a
reduction in strength and an increase of deformability.
Also, the strength and stress-strain relations are likely
affected by time.

This study attempts to mvestigate the
microstructure change of very weak sandstone. After
artificially controlled degradation, specimens were
subjected to wave-velocity measurement and
unconfined compression. Their microscopic features
were also Investigated using a microscope and mage
analysis. The micro-features, nchuding gram-particle,
void, and infill are analyzed. By comparing the
microstructure and mechanical properties, it was found
that the strength of the very weak sandstone decreases
significantly after wet-dry cycles. The cause was
likely due to the increase in the micro-fissures. From
microstructure observation, it was noted that large
particles tend to break into smaller particles, and the
paticles’ angularity tends to decrease. These
changes may contribute to the decrease of material’s
strength.

This project also aims to study the
time-dependent behavior of the very weak sandstone.
Conventional dead-load type apparatus of for rock
creep test was modified to enhance rate-controlled tests
on very weak rock material. From experimental
results, it was observed that both the peak strength
and the modulus of the very weak sandstone decrease
as the faihme-time Increases or the strain-rate decreases.
A specimen loaded in a lower strain-rate tends to show
more acoustic emission which seems Implies that the
creep effect promotes the micro-damage M the
specimen. Consequently, a constitutive model on
the basis of the contimmm damage mechanics was
developed to describe the rate-dependent mechanical
behavior of the material. By comparing the



simulated and experimental results of stress-strain
relations , the proposed model seems to reasonably
capture the rate-dependent behavior of very weak
sandstone.

Keywords: very weak sandstone  microstructure ,
constitutive model time-dependent mechanical
behavior, contimnm damage mechanics

—~&hEmBN

L PR B LBENLE X B I
ZRERUREN —EHEZBFALE - 2HE X
HRAELRIUR 2 KRB RERTER - BFA LR
Xy A RS > BP KR LARE A LAE o KK
ARG AR BLBERBERE S s R e R
B WEBER AT SR EME EFiz
W s e LR BEABSE  BERR
BEARE > BILMEKXR ~ BARM R > &K AL
A - N B ey AREMERE S
BALEZRRMIEGERESAER R KA LR F
R c MADERERSD > X5 AL > TH
TERR AR BTG ER H &3 A A Ktk
Fadk mAELEMBHE > BARSE H Huahdfit -

B E — R IBREBITHE ~ B e R R KR
Iy EEER e AR, - M L8 B b 2 #3580 2
J& —fx i de g s o % BALE R ARsE 0 B4R
ER AMETRARRMD L - THIIIR
BRI BE > MR ZBE TR X
REIE - ERE RIS HERIBRS L —H -
HeotEagaRfrheBims AR ES
DARH E B By L TSN ERERIET 0 B
FEAMARAHEREZBRIFTREAE RRANZ
iTA > BERBREERAN LY 6T R KL AEAER
b Em M A 2HN - mtBEOAREE
P R FERZ AT ~ Ko~ AR ~ BRI T e e
RIB4 %R [HR BB 1A > 2B ES
HmigibeyBiEy > EA2HMERTRAMBRS A
MHELHAE D - AR ERUMBR I ZER A
M F R WHEFY 2 E A EES TR A
BibdARE > MBRAETRZIAERAHERHSS
Mz - BARFD 2NN 2THETLEHES
Mo 4 FURREL ~ FERORIAE 5-1h - AR - FERA
SHE(RD Bk - RERBERBASEZLY
Eo mEARHEARGEIL > B THREBRN A Lo
HEBEBRO N ZMWE AR T RE B R
A REBBRAKRBFD EHBREENT AL Bk
o 3B EA ) SRR Sk 1R BRI LT B B AR Y
ERMY - hMBERNER > BESHERBES
ERANENE REMAERZTHRTH 48 R

o BHX RPN ETXIAELTA  BIRE
e GG BEREREENRITAHZE
B b eRE IR LERA GRS - MR
R B IR IATS > AL R M ERAT
FRoAS G E R PIRE TR LG BT AR R
FHREF AL AR ERERGHNLET
U #HNITREEBENERT  BEEEARE
Je N BEEHRE - Ea NI E e E L BN
2iTh 0 ARBEBEORE > ERAXEE T
TTHEARE] o ko RAE A 282 RANTRE S G M R
S THRTUMBEGEHME EAALE -
B b A R E T ey 5 ey IREEEAT A > kb
AR & HRPERSRTHEIEREZR £
TERERECRERMEEREY > PiE—FF
RYNFHHREA-RENGZIBEANE T E3
SENLITAHBX > IS TRBERARE X
RESM A ZAT A DR REE T2 56 TRER-

= BRENB

A, B e mBeaBaERTLE

BLRBFA EHOR A AL » AU R UAME
RER TR WA B R LRBRA LB BRZT >
ERBRMBABOREEN  TEBEBERRMLE
R RIE MR ABENHERNSRE
2B -

Al BERFHERE

WM AR AR R P B
BEABMES L £k R @B UL A5 ERAE
FIEEME 0 B RBRARXERER TSR 2-4
HUAEITRF RS -

PR REY B R RRIERY > R AKX
BRI BB RIZSABE B R A BE o Hibka o @
BRI EFNER o BIRRERSF LI
Photoshopd. 0 & 22 B #% s, i f A6 & BA B ~ & Wi SRk
FH% OB 0 RMEIth s E E UTHSCSA Image
Tool3. 0 L& MEH > REHGZAEZS (D
NEHEE T (DeBE R (OGRS
I (DB PR R HI R BE T - 55
B~ FLRBRB AN E =B R A FT R B
AT RIS A Tiff % KB4 > kigfb 8bit
#% 0 A T4 Image Tool 3+ H A &4 %1% - oA ah ik
A2 OIERRR ) BATEE BB - FUIR RE R A Ab
Bty E T[] -

DI BERE G EAR R TR S B AR Y
BACAREEOMEE S E(F)MA - KEL -
BE-~BHEE - BE AR RILEFE ARG e te
#I[1] -



A2MBEaBERHHERRTZBE

BR B E SRR aE e > TE 8
PAR AT AT SRR R G S5 deBeEP  HR W
KRBT KR A RAE ey %4t - AR Atk
ZERRSN > BRI RIER RGN KB
ST O B AR A BUNERKL MR R G M AL
BB RARA o AR X FUIRAE AT BB SR MR 3R 0 1B A2
P ZRABENHKR 0 EELBBIRREGIE o
LA NGB E R A E T > BT RRNE LT A
aFERE A BB B BLaseea e 1] -

HILHMBBRAERAERMLE AL T
DBERELEMBIGRELS —ROWLARER B
bt A BABREY F F 0 AR S X AR AT IR JE A fm
PR AR KT AR GRE TR o ey - Edn
JBE 45 55 FEABAE AT # R @Y SR G 3B A2 P K8 R
R A ENEHILE R FILmEh - LIRS T
%o BRIRE MR 6y R B R A SRR 79 3R 3R
AR A BUNERR > MKEAE e R E o B b R
BRI G A A B8 R 98 B RAK o R B RELETE
BB B BE R BIRA AT A RK 0
B E o BRI B & > FUFR 6938 o b R
BB G EE - RRES —REBBERZA ALY
T HER AFURRIG o pr H 2k > M AR e S RIEIR
WA RAR R BRI T BRI sy s
kRSB ER R[] -

B. #8570 B REFME N RAT B ehF

FEARBE M) RAT B IR L o IEF R R
ZHREAT R WA 0 AP BCGEERR 0 SRR
BB R > TAEEA R R R R
GhFE o BOBYRFZIH > BGEXBEETIE
HRBE 2 AR R 2R 15 R[2] °

o 8k 55 70 8 AR d o AR BE > N HLIB K
¥ 5 AL > B mARKIT R MARBRZ A 0 B
EREABNE  BRERAKANEZ Tk - 8
RTAE R IRMERMAKRS > BER ERITH MG
KoOFAERAESAERREN T X o ARAES
AT AN IR (B EH 150 ots) MEH 2/3
gk B REREIANIS  HKkEELERR
BT BME A o i R SHERZ T 0 U IBLREAN
FENRTHBAKBEERLES  MARBR BHR
ERTEE > am Rkl BB o ERA
Al E R o

BIHRGRFZERABRER > B E2E
GHERE  RRERE e BEEEHR > HEE
JEGE 3R FOR D RAIERT G o T o AR RATH
N2 BGREK AN RN T BB RFMITS
ARERBERRAHZTZRA] > m ERB TR
o R RBRG X EZENHUTRERCAATE
BZHE - $ONMER 23R8 > 8 AT A 47l

B AR P ARG TN B2 ERE
Bk o HTA R SRR AT RS R - 1217 A Y
RELZREMMWLEE -

B d RS 22 BRI > FHERER T
AR 3 Ak RE T o b ARSI AT B
& e SR R RO R e SR R A
$ I Ao o RGBSR T i AR P BRI IR
Z B MBENEEE - - R EERATER
BEBIE N EE XM SRR 2 B R EAT
B o IR T AR BEBIE N ZHE A AL EFHRE
o BRBMIBREGEREPE MY LT B
TR S 2 BREXRER R EZRE - &
WERBRE R HBALLE THHLBEXTEHE
$b d S ED B 2 AR B MEAT B[ 2-3] o

Wt E AR A

AR T2 E B AR B R AR AR A A
BB A EEERNEHEMRY ? LReF
M BITAZ Sl P EREAEZ R
R?EBRIFTZARABHRITERSRLERS -
AR ERB BRI R RABR R [
BHRERGSHEUT AL EEST > TEb 2R
SRR BRI AT S B M MG ERLE - dMBRER
HER > RO ERBREFERNENRE KB M
BREFHRMFZ M agsa - st A RKE T
PR EY 5 YIRS MAT A > BB ARE F k> AHB
BHERERIRRETZREE  TERTRATE
BRINBERBE R —F RN HE /-
RS MGB2BEANLT T > BALENZITAE
R UEIREE— S FRFAR G EZREFEN LTS
BAABAREAESOMMLH > P TRHEE S
Z R s B2 ) RAIT RSN R RN B T2
ST LAEREEAZ RAEME -

B~ 5K

(1] wEHm - Tz e R i H N 20y
ZHRE,) BAIRBRAPEIARAIRABLHRX -

P RBAFEHFXA -

(2] Birsk > "R EBExBEGRD B2 HE
THREER )  BRIXBALEIARIRAHLS
X RBAANFEFxA -

(3] 282 > T#abeigibx h ST hREHEIBR
NGz nFEFS)  BAIRBALELRAIRELZBEE
WX REA+NFNA -



