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A Study on Variation of Rock Strength due to Weathering

248", Sung-hwan Kim, %< Byung-ok You, 2A %", Sung-ro Jo

2 2k(Abstract)

It is very important to evaluate rock strength in geotechnical engineering. But (lest
methods are complicated, show many errors, and test data arc insufficient. S0 there are o
few methods to be able simply to assume rock strength in field and laboratory.

This paper is s.udied on the variation of rock strength due to weathering using test data
accumulated for many years. Therefore, it was proposed equations of relationship between
uniaxial strength and point load index, uniaxial strength and schmidt hammer rebound
value, point load index and schmidt hammer rebound value.

F20{(Key words) : Strength, Uniaxial Strength, Point Load Index. Schmidt Hammer
Value, Slaking Duability Test, Absorption, and Weathering Grade
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Hlg 4Aojn, 222 FAAHA FIAAE 1A L AFHA ¥ AEE o &F HIATA
g, FaHe FrRIERHAY, FFEAY 534 A=) BEAAE ARG Aol §
f3i.

B AFE Fud EFss 9o did FEEE] B#A EE dHdA dEd AEERe
2 YHAEES FAHY]) A% FBBAC A& dFsaAt do

2. Mo E3E Y

AFY AFR2 =28 A(EE FE)9 dREL FAAVISE dE dE &7
EA3nz ESjFoR EE 351-‘2.”—1"% WA Hed olge dAds T3l .

Z3 82 28 3 (Mechanical) 39} 3385 (Chemical) ¥ tiEH=d, E23 F3e
obA o] atd Aol FEIEH =9 Wt flo] X A Mol HA AH
(Disintegration) 9 A& @3t} vtz oz xA8A stelMe &4 F39 353 F3
7} BAd dojung T 7ix g 43 4L s nydriE oldoh

g3 39 F8 %°]°i" Aol 94 B‘r-&—% AAA B2 4Ee 2L, E9 FE,
exvs NE A4 52  F U 35 T B $AFY FEo] FEIHAq &3,
Arsl, ghaksl, ZheEE, Til- ol2ug T8 doAA %‘ﬁa EP\WI‘_ RNEg LI

ool Ba& L 35ty Tl AEQ LS Yol FE YAER W dA=E I A
U 7tAe Ed dol Jen #7128 T} AL EF(Solold ok AEY 2A ¥ ¢
Ao am FL F2Y7E BF EZojPE Fu ABFAE o] EE(Regolith)e} 3]
B4 FE3n A
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RS(Residual Soil)

CW(Completely Weathered Soil)
HW(Highly Weathered Rock)
MW (Moderately Weathered Rock)
SW(Slightly Weathered Rock)
F(Fresh)
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if % =2 o] L&A O] E i
F 2. 4o FHAEY wE ety FEHA 54
Engineering Fresh Slghtly weathsred Moderatsly weathered Highly westhered Corrpletely weathered Residual soll
property 1 i mn v v vi
Foundation Suitabls for concrets and earthfill dams Suitable lor small concrets  $uitable tor earthU Suitable fos low sarthfill Genvnally unsullable
canditions slructiures, earthtill dsms dams dams
Excavatabillly in general blasting necessary General hlul hul 'wplnl G:n-nlly ripplng snd/ Scraping Seraplng
mey be p dependent
upan thn lolnlln( lntensity npnn Avallable plani
and plant avsilable
Quantitstive 4 m holws st 1.8=3 m centres dngmml Bmholws st 3—3 m centres 6.0 m holesal 3—4 m
compurison an the jainting, 0.44~0.69 kg/m? rock dependent on Lhe jolniing  centres, 0,.3—0.37 kg/m?
broken (60% special golatin) 0.37—0.44 kg/m? rock fock broken (40%
broksn smmonia)
Slope design %l W:l to 1:1 1 ik to 1.6:) 1.6:1 W 2:1

Tunnel support
Drilllng
RQD

% core recovery

(NN)

Drilling rates
Disinund NX

24" Prreussion
Permeability

Quantitative
compasison (m/s}

Seismie velocity
(m/sce)
Resistivity
(ohm meues}

6 matre benches may be sdvisabile st top of grades 1 and again st che (op of grade IV,

detalied, use ¢ and ¢ values Irom Table V or Table V1 and design farmaly.

surface protection, possibly above grade 11 «wad certainly above
grade |V may be necemazy to preveni sroslon. The presences of Lroughgoing adversaly oxentated structures is not

taken into account; il present and

partial Beging, Heavy steel sels, complele lagging 0.6~0.9 m

centres. If tunnelling below watez table, high risk

at yul Nowing into tunnsl

0 or does not apply

15% as sand

10=13 m/Mn:

17 miwr

Low

Hock labric has apprecisble penmeabibly in the

$00—1000

Not required utilem Jointis closely spaced Light stee) seta of Sierl vees,
or sdversely orientated 0.6=1.2 m centres 0.6-—0.9 mcenues
T5%. wiuslly 90% B80—76% 0—50%
00 Up to T0% if a high % of
€orcsiones, 48 Jow a3 ) 5%
U nut
2—4 m{hr 6—30 m/hr
B~—T m/hr B mihe 12—16 m/hr
Low to medium Medium ta high High Medium
0—5 307 1-107*—4 10" 1-10%~1-107
Figures in this region entirely dependant on how region ol
open the joints are 1407 —1 107
3050—06500 2800—4000 1500—3000 1000—2000
340 240640 180--240

Tends to e dstermined by Joint openness and water tabis deplh

180

*Based on Moye (1855), Kiersch and Treascher (1955), Littie (1965}, Saundersand Fookes {1970}, Fookes et al. (1971), and Deere and Patton {1971).

3. 7| MEXIR HE

3.1 FOIESY HHEx|2} dRuRZE

3.1.1 Deer & Miller?] Ol£(1)

W) Ml A B9 JT ¥4 (MPa)

z 224 S
o m A%
Deer & Millerell 9s§x Atd AozA o 7 s s
29 19 vert Qo o age wee an Y W/
A G ARLAFH(ry) o FE & W%
§ aeddos yeun wsesss 0 WL ST 7778 |
E g5 FHeE & o vjg T3 ALH % ,//%;4‘2;/%'
A7 goke Ae mel Foh o agAdE § % v
#ElE dAme) £A7k 6004 HE AfelE S e 77728
A5gER st BAYe] 1HH gom § 7/
2 FElE dn FX7k 60013 M & 8| d !
YFAES 23 F 9k A7 A, !
20 L -
wll :
1% 1 ?:})—\194 _T)T\_D]-E_E‘sﬂtﬂ “jl-‘?_:};i]q- 100 1 1S Lﬁ 3 35 40 451 50 S5 60-t
4% 299 BA(Deer & Miller) A e Sa e v N
IMPa=1MN/m’ = 10.2kg/cm’ = 145lb/in® Y e A&
1kN// m3 = lOZkg/ m3 = 6.371b/ ft3 ® Sdmﬁdi”’!i—b“: N ) '
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3.1.2 Deer & Miller2] 0| E&(2)

Deer & Millerd] 93 R ME AESFH SHE FHE M9 X RY AFAE Cde
e e A4 H(12)eE g8 Yt

For R up to 50 Co
For R over 50 Co

4(R-25) (in MPa) --—---=-——~-~ A1)
20(R-25) (in MPa) -----———--- (2 2)

47) F 4L gue] EA% $HOZ gHo] Holof 5, L-type A E AHg3e] 1 B2
AUA7t 3 075 Nmolth, 302 BHst4 ge 299 RANE ¥ 3% 23, 494 o
sted 29 26 AZYFAE Coot #UIE dAvie 52 RAe) BAS TAZZ YT

250 |-
9o
o)
o
200 |-
7 C,* 20(R - 45)
Z
[+]
© iso}- g
§
o
?oo_
50}~
o

Schmidt rebound value, R

a9 2. g4 e FulEAY v R g hE7d e B A(Deer & Miller)

X 3. HH BAA FrEdy dhdA]e B A3

Rebound Angle upwards Angle downwards

Value 90’ 45° Q0 ° 45°
10 - - +2.4 +3.2
20 -54 -35 +25 +34
30 -47 -3.1 +2.3 +3.1
40 -39 -2.6 +2.0 +2.7
50 -3.1 -2.1 +16 +2.2
60 -2.3 -1.6 +1.3 +1.7
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3.1.3 7+OIE & HMZtAte] migt

THE 3 A M A" AAH o] 2P BE7F ALH Portland Cementd
et T3 AP2A=2M, FUEHY FAYG dSYFAE Aolde deFHdAM Ha F
2 ALdBAZE de Ae vEkd o] AAAAE 0%y WnF & AuAssd L #A
ArAE Ado, 28 394 RX e FRE A #AYL BAEY 7B} ¥ ohy
2} Deere & Miller, Irfan & Dearman, Carter & Sneddon &9 B2 d3AE9 AFdA

WHoE £3Y, HHOR FuE IW) BAS Fol7t ek

Type : “L" - Type Schmidt Hammer

651

UCSmax 5.5

UCSmin ucs - ¢

A A ‘ \ 4.0/
3 3 0 45 S0

Uniaxial compressive strength, UCS (kg/cm?)
Dispersion of strength, & (kg/cm?)

Schmidt hammer value, SHV

a4 3.; dAe) FrrolEF whEx) et gt BA(wUIE v A FAS] AQH

3.1.4 Bt sZiotof| CfEt iRt Tl O|ESiH UMt
dnatgddd i ASUSAES FrEHY F29 FRABAAYES 2 wE

< 953 24 Lee, S. G.(1987)7F 19 3G = wrlEAY 29 dFFE
T Oed 22 Aer gdYTHIY 4 IR

AxA4H A8 ; log UCSd = 2.32481+0.01541 X SHVd : (r

I
o
o0
J
—
S

Fa4H AR ; log UCSs = 1.80601+0.02324 XSHVw : (r

gi

- 119 -



ites (MPs)

S0

50

Dispsrsion of strength for Jurassic,
Cretaceous and both Korean gran

Crusacesus:lsg UCEd = 1.37338  G.01643 x VA
1 te v 0,948}

granite

Jurasale slog OCSd = 1.19709 » 0.81&23 x SHva
1t v - 0,986

sranite

nech
granicas

tleg OC34 = 1.3248)  0.8154) x SWve
tr = 8.871)

Cratanesus Jurassic
wpranice

Air-dry unisxia} compressive strength, UCSd(MPa)

&0
Dry Schmidt hammear valua. SHVA

a9 4 dF33Ge] FulESH dhd g 4539t BA(Lee, S. G.(1987)

3.1.5 T. Saito2| H|g}

T. Saito(Iwate University, Morioka, Japan)ol 93l 47}% Al 8(Basalt ; 8F %, Andesite
; QFAke}l Docite, Quartz Diorite)d] 3t dEAZA =S FrlESY F£X9 AN vd 19

j

=+

59 o] YeRT.

ABaA vuy TEQAY BAE ed Zxrt oy

=2

L)

Nzel A

g02 olstd UY&YHRE7}t 3000kg/cm’ o)A 2B Bt

p
{ g/ oel)
4000 r
4 Quorte dierile Cey
P o Andeske *
8 " s ;
3000+ - ¢ .°
; e
2000 2
- +*
n°%.. “AA
i
.,{f-:g N
2 1000 SN
3 " ':;7 :‘ AA:
(Y3
g H %OO“O:‘ a
N S A, b : 1 .
0 10 2 0 &0 50 60 70 Rn
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3.1.6 HHEEZE MM HAlst= s

TEAAA ANdte dEdFZEY EF7IEA du=He @333%9 e
b & 49 Aol ok SHV % Az dHEAAA BgE §8F GAHFEHANN

AAE
W7
2~3 A7 o W,

ST rJ,

%
3

4 AUERELANS AFEAE R Gl 2]

R ~UERAE )

4 o= ~ 555;;%%-%}«5.—?5

R S o S kgfem)

273 3 300~700

1) B34} 32 (2) 17~40

(949 73d) (3) 10~34

(2) AL a4y 700~1000 (1) 29~38 40~47

(949 739 (2) 40~49 49~55
(3) 34~44 45~51

(3) #2353

(Zdd %I = 2E4 1000~ 1300 (1) 38--45 47~52

Hde Y =FE (2) 49~56 55~59

Egie AvrEd @ (3) 44~51 51 ~56

=87

B 1300 ~ 1600 (1) 45~51 52~56
(2) 56~62 59~63
(3) 51~57 56 ~60
Y 1600 o14 (1) 5114 5604

(2) 62014 63014
(3) 57014 60°] &

3.2 Hal=EX|+2l dsetEdr
3.2.1 stx3jzietof CHet HolEX 2t e=gtszdxr
FU9 FHeh I, T AL i e HeEF A5} dFAEFAE
3t Lee, S. G.(1987)7F FUl9) 81 dedM= HeF A5 dFAE4e 43 dAE=
Y 63 2on 2(2)9 FAXE = EaHRA
UCS(kg/cm®) = 412.8375 + 15.84971 X PLS(kg/cm?) (r=0.902) -------- 4 2
3.2.2 ISRM2| Hjeot
dutd oz AT F(Is) A2 =(Co)d FRBAE 4N FFd o o3t 4
F3A AFKEZ ztor} dukzog K=20—-25¢ Aoz 4z 94 ISRM(ZA <¢usr3a])

o g3y, HatT A dExdFAE #A9 AF¥UHE AR A 29 T} 2ol
Co = 22 Is9] BA7} e A2 YeyH
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Cretaceous

Jurassic

Dispersion of atrength rox Crastaceo
Jurassic snd both Korean granites

Ceutaceous Juransic
Q9canice grenite

o Q

:..g
10 - o

Cretaceows:UCSd = J9.7584¢ ~ 17.74277 a FLSG ain

Adc-dry uniaxial compreasive strength, UCs8d (MPa)

qranite {c = 0.9%6}

Juzassic UCSd = 49,4036 - 12.19392 a PL3d ain

yrmite e = 6.920
z

. eca IUCSE = 41.20378 ~ 13.44971 & €L3d min
o sranites tc = 8.902
v
5 10 5

Dry point load strength, PLSA min{MPa)

a9 6 #=2ade daAF AL AT BA(Lee, S. G.(1987))

250
& 200}
z
S
5’ 150 b~
:
g 10
g s0 Co =22 Lo
O
1 L 1 L 1 |
o 2 4 6 8 0 12 14

Point load strength, [, ., (MPa)

a9 7. 4aF A5 GFF=ske) BA ISRMe A9
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a. gtaie| 2E BN
41 MEHH R M

2 AT NPE GUNBL E 59 714d uheh g AFel sl ANHRen oF
FHE NEER BHANAY AF2A 98 AAAA.

E 5 dHAR AFH A=A

el e 3
7 uret v A X
RO A TFE &
Hotstaet Yaaa
A
stz Ed

ZZ At
3173 A vty

EASAEES A8 AHD ZoMNEE H Aol 54em, 2ol 10cm2 A Pow o5 A
< FUE 9 A, HakF A AN FAEF AY 2 wuE 89, FFe Ay
o ANFE dFEFAFEA A& AR G 2 A AYHA G AHG ol AT

4.2 FRIEH ME ASE su=xZx BRY

A GurstsloA FAEE AL F339 FAAY AAE SemB FPon Zols)
Y HE 12 Axe HdAGPoz FANE A ANFE AAsgT FAA A =FHA
A &yte] Zxrt vuy & ASe FAA AFe] oy FRAES} ASAY T
Fo] ujg dgdd HAe FAA A o] Brlss).

2 d7M e 4F9 FEAE g AN dSAEAEE NPT 2} T 6 L 1Y 8
I 2 ARE AU gube] St 93 FAAE BAAY dEAEAEY FAGA BE
uio} o] AEHUSAEE YUl EE AT JAAHE BAdS ¢ F Jded gursFo| F,
SW, MW 8202 W3 wet dE2UE2EE 1800~300 kg/cm?2 W3S ¢ 5 I
ot metA ASASAEE duty 53 weEl AT AVAELE 2YS ¢ F AYY gus
3 HW, CWEHAAE FAA Y Yol &3 APS & + ATk

E 6 Y5 BE IZYFYE

oF = T} BE 9FY4EAE(kg/em?)
HW MW SW F

LIAL IS - 300-400 400-600 800-1700
DRI - - 360-400 450-750
A - 350-850 550-1450 1300-1800
3HAHzh e g - 300-400 350-600 500-1000
e L] Sl - 200-600 500-800 700-1600
317reA Hupgt - 350-400 400-750 700-1600
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Weathering Grade andUniaxial Copressive Strength{Granitic Porphyry)

(a) Bp7uret

2400 .
2000 -
§ 1800
- S R BN IR W
£ 1600
s L. e - 4
§ 1400 :
& SIS it il i S — -
£ 0] —
g 1000
8 ol T T /e T
- SN ST R EN— I I
€ 600
b= L R N4 (PN DU
400
200
oF
oW HW L' ) MW F
Weathering Grade

Woeathering Grade and Uniaxial Copressive Strength (Shale)

Uniaxial Copressive Strength(kg/cm2)

2400
2200
R T | R
2000 -
N B B e f — - 5% -
g e o
2 1600 —— RS S (2 Al
_____ [N DR U S
E 1400 b iy }‘r
1200 / —
g 1000
- — - - —.»—jL.—-_- - — - — |
k.1 800 ——— L L .
i 0
400 =
0
[»"'] HW MY SW F
Waeathering grade
(c) AY
Weathering Grade and U | Cop gth(Biotite Gnelss)
1800
1600
__________ i EEEED SRR
L R S R I 'R
1200 -
[ SRS D NS, S
1080 Vad
_______________ _._JL._..W
800
__________ P8 S Suas
400
200 >
.
oW HW MW SwW F
Weathering Grade

(e) T #AqY

Weathering Grade and Uniaxiat Copressive Strength (Sch )
800 .
__________ ——— it A —;
750 LS :
N e A s
_ 700
a ;
J CE S D S
£
S 650
= _— - = — e AL -
) ">
H
= I e e B _——— - — —_ —_— e
w
H 550 /L
a __________ —_——— s o — . —_—
£ s 3
8
S L. ... S Y B
£ 450
E 3 ——
s U PRSSR S
> 400
I S _._435____ — .
350 /
300

Weathering Grade

(b) V737t

Waeathering Grade and Uniaxial Cop! ive Strength(Volcanic Breccia)
1200 T
1000
“E. ———————————————————————— -~
< 800
g 600
! b
__________ .- _,_.ﬂE,_ -
8 7
$ w /{;
H —
- -t =-="-— "= == -
3
" ]
0
ow HN wy W F
Weathering Grade
(&) szt
Weathering grade and Uniaxial Copi ive Strength(Granitic Gneiss)
2000
1800
. 1800
~
g 1400
E 1200
g 1000
£ w0
:
% (1]
i
AT
200
[}

a9 8 FEAFEY TWE 439
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4.3 Ef¥xol ME A=W HslsZx: /Y

ol AFL AT AF7IE o183t A Zote] A4 e FHE AT FopA R
2o 2 3H3tE A (Point Load Index ; Is(50NE A&t dEAE5A =] JaaA=

2 d4N9 dEYEAEE Faied 53] o

Az 48 FFAA Hog GHE 7hetd Asdd AFREE HASFA o Mg o
Ar7le ALz, old FH A9 gko] A &F(Point Load)olth.

TRz WE 4T HIFAE 54L& E 7 Z€ 29 99 YA

age A B vk} o] HF AFe dieFe] F, SW, MW, HWE g2 u}
2} 5-100 Ate]e] go = tpdsiA Wstste AL R veigo. 2y F3F5Fe SAAA #
He Fe oL KT orz HEFE A5t i Z HYE BEd 9es g F

A

E 7 FHA=A WmE H{SAE

(34 E B2 HaFA$(kg/cm?)
S
HW MW SW F
A 4-8 5-12 12-30 30-90
R RN AR - 3-16 20-27 34-50
Al 0-13 6-30 25-45 45-75
sz e o - 5-20 20-30 30-55
E &2 Hapst 5-10 10-30 26-45 40-80
s¢d kgt 0-1 1-20 20-40 45-105
Weathering Grade and Point Load Index {Granitic Porphyry) Weathering Grade and Point Load Index {Schistose Granite)
100 - 100
S8 i s A R ®— -~ S e I W il
_____ e d e L
80 S R S R S
. I D N S ~ ] 70
N — e e s e - — - @ — o R e R ] I

50

40

WEEEEES SREn o
== T

Paint Laod Index
& 3
T T
| 1
| |
| |
| |
[ [
l I
i |
I T T
i t
PRSR
L 3
| | |
| i I
1 1 1
Point Load Index
T
|
|
|
|
|
|
|
t
] |
N | |
h" II! .I
i ! |
NN ENRE

cw HW MW swW F cw W Mw sw F
Weathering Grade Weathering Grade
(a) 3+t (b) B3
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Weathering Grade and Point Load Index {Shale) Weathering Grade and Point Load Index (Volcanic Breccia)

100 K 100
_______________ )—»—-—--—»—v’,'—- N (SR [ I S
S0 . 90
_____ —_—— —4--—-—-—"‘-—‘—"—”-— e e e e o = — A
80 - 80
70
3
E g 60
o
3 é 50
3 3 w
30
20
10
0
Weathering grade Weathering Grade
(c) A (d) 3zt
Weathering Grade and Point Load Index(Biotite Gneiss) Weathering grade and Point Load Index(Granitic Gneiss)
100 R SR DU ’._A_.l 140
" K
_____ U S A 120
8o R 4 ) _ _ B
70 100
- SR S A £ o
h-) h-]
3 8
- -t
g § =60
e &
40
20
0
cw MW uw sW F
Weathering Grade Weathreing grade
(e) Z+X HAvigt (f) 34gd Aqte

aY 9 FAAEC we 433 AT A= 54

4.4 FHIYX OB AZHE w0 EMH x|} KA

Aol N #rEsuZ hute) ZES 2o AY T+ YA BFAPoD iy Y
FEYE R FRPAET AFH 2 wels] AF Aol
® }gom, & SHAA

AFNNE FHo FHAE wet FEEd] W FAE 23

58 UNs A L HAAE AR A 2R FEGE $IFAR FASQL,
A9 67h4 FFe GH B FEE A6 FAF F4@ A3k, ¥ 8 % 1Y 1034 2L

asts A

aM B st o] frEsE WAL QS F-SW ZhAE 300149 groz

RIS ¢+ Ygom MW SFAME usTFel BRY £3 way e Wl
wath mebd B3k 4% dwelAE fulEsdE wasA s S o FaEEs

e oAge TPRT 28 ¢ F Ao

rl
r{r B —{N

5 m}o it
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i
3
h)
m
)
i)
9

¥ 8 F3H=x o

o = THAE e FrE i 74
HW MW SwW F
LA gl 10-25 15-30 30-40 40-60
G373 - 20-30 30-38 33-50
A4 10-20 18-30 27-40 43-55
shakzh = o - 14-33 28-40 32-50
e et 10-15 15-30 30-45 40-60
A Avte 10-20 20-35 30-45 45-60
Weathering Grade and Schmidt Hammer Value(Granitic Porphyry) Weathering Grade and Schmidt Hammer Value(Schistose Granite)
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